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Abstract - Carbonate reservoir of Kais Formation in Salawati Basin, West Papua, is the most famous oil and gas
reservoir in the eastern part of Indonesian Archipelago since 1970’s. Nowadays, new prospects in this area are more
challenging and most relevant near the infrastructure of previous oil and gas fields. In this study, a relatively new
seismic dataset was investigated to figure out new prospects in carbonate reservoir rocks in the area of interest. In this
preliminary study, where seismic data are not supported by well data, direct hydrocarbon indicator (DHI), seismic
attribute, and spectral decomposition (CWT: continuous wavelet transform) allow the authors to characterize the
reservoir geometry and to predict pore fluids within the reservoir rocks. The reservoir geometry of carbonate reef of
Kais Formation (C1) was identified by seismic reflectors with high amplitude contrast at the top C1. The hydrocar-
bon indicator was predicted by DHI where dim spots, flat spots, and polarity reversals are indicative of hydrocarbon
prospects. From the attribute analysis, the attribute instantaneous amplitude detected the top carbonate C1, whereas
pore fluids were predicted from high sweetness attribute. In addition, spectral decomposition CWT method confirms
the top C1, identified as saturated rock by the frequency of 10 Hz, 20 Hz, and 30 Hz. Based on a seismic study in the
researched area, the target zone is expected to be a very promising hydrocarbon reservoir, specifically a carbonate
reservoir. As a result, the preferred well-test location is in a region with access to the Kais Formation limestone reef
layer. This study can assist in reservoir characterization, especially in areas with limited well control.
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INTRODUCTION the properties of reservoir rocks have always been

conducted and will continue to be performed both

Background at existing locations and at new places. One of
For the purpose to identify new feasible areas  the reservoirs in Indonesia with the potential to

or to enhance production, efforts to comprehend  produce hydrocarbons is the carbonate reservoir,
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particularly in the east of the country. West Papua
is one of the regions that has experienced develop-
ment in exploration and exploitation studies (geo-
logical setting, basin history, and stratigraphy)
since the 1970s (Redmond and Koesoemadinata,
1976; Phoa and Samuel, 1986; Robinson, 1987;
Satyana, 2003). To locate new areas of potential
for carbonate reservoirs, researchers are still in-
vestigating the Salawati Basin area. Therefore,
this study addresses methods to comprehend
carbonate reservoir rock features using seismic
data in the absence of well data. An overview of
the prospect zone in the Salawati Basin, West
Papua, is provided in this research as the first step
or preliminary investigation.

The seismic method allows the authors to per-
form seismic characterization of the reservoir rock
(Palaz and Marfurt, 1997; Liu and Wang, 2017;
Handoyo et al., 2020; Teillet et al., 2021; Avseth
and Lehocki, 2021). Several techniques include
direct hydrocarbon indicator (DHI), attribute seis-
mic, and spectral decomposition. Several workers
(Cooke, 1993; Lietal.,2011; Nanda, 2021) have
reported that one or a combination of these meth-
ods can be used for initial studies of the potential
of a reservoir rock, both in clastic and carbonate
sediments. The DHI method utilizes impedance
contrast, which is represented by amplitude,
seismic phase, and also the typical shape (geom-
etry) of carbonate rocks such as buildup or reef
(Castagna et al., 1995; Shadlow, 2014). Seismic
DHI characteristics of gas accumulations, such as
gas chimneys, dim spots, and flat spots, as well as
associated events, such as a decrease in velocity
(time sag), downward pressure, frequency reduc-
tion, and polarity reversals discovered in seismic
profiles, are additionally applicable as indicators.
The seismic attribute methods such as instanta-
neous amplitude, frequency, and sweetness can
be applied to characterize lithological changes
from seismic energy responses and fluids from
frequency and sweetness responses (Vincentelli
etal.,2014; Rosa et al., 2017; Do Nascimento et
al.,2017). In addition, the spectral decomposition
(CWT) method can be used to predict the presence
of fluid by varying the frequency and energy spec-
trum values in the target zone (Yu et al., 2013; Li
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et al., 2016; Naseer and Asim, 2018). Moreover,
the results of this research are expected to provide
recommendations for the location of appraisal and
production wells. Finally, it is intended that this
research will be able to contribute to a prelimi-
nary framework to comprehend the properties of
reservoir rocks, particularly in areas where there
are limited well data.

Geological/Stratigraphical Settings

According to Dow and Sukamto (1984), Papua
is divided into three main parts, namely the Bird
Head, Bird Body, and Bird Tail (Figure 1). The Bird
Head is located on the peninsula to the north, which
is joined by the neck to the main body.While, the
Bird Body is the mainland part of New Guinea
(Papua) Island, and the Bird Tail is located in the
eastern part of Papua New Guinea Island.

The Salawati Basin is in the Bird Head sec-
tion. The landscapes found at the Bird Head
include hills, intermountain valleys, karst hills
and mountains, littoral plains, alluvial plains, and
uplifted coral reefs.

Most of the Bird Head area is composed of
continental crust which is part of northwestern
Australia. The collision between the continental
plate northwest of Australia and the Pacific Ocean
Plate and the collision between the Banda Sea
Ocean Plate in the southwest are signs of Neo-
gene tectonics in Papua (Hamilton, 1979). The
collision between the Pacific Ocean Plate and the
Australian Plate formed a convergent strike-slip
fault along the Papua area, and produced a strike-
slip fault and a factoring fault along Papua. In line
with their relative position in Neogene stress con-
ditions, left-hand strike faults and factoring faults
are activations of old faults trending N300°E and
west - east. The path of factoring and fold fault
structures in the Lengguru Zone is formed from
old north - south oriented structures such as the
Lengguru Fold Belt (Sapiie and Cloos, 2004).

The Salawati Basin has a very intensive struc-
ture. The dominating structure is a normal fault
which generally trends SW - NE and to the north or
west which indicates a subsidence of the basin. The
horizontal fault zone of Sorong Fault has a WSW to
ENE directions forming the principal displacement
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Figure 1. Location and geological setting of Salawati Basin, West Papua (modiefied from Satyana et al., 2003).

zone and limiting the basin to the north. Synthetic
left fault and Salawati Fault cross Salawati Island
ina SW - NE direction that connected to the Sorong
Fault. The Salawati Fault also shows a normal slip
and has partially accommodated the subsidence
of the basin towards the north. A horizontal fault
to the right of Cendrawasih trending NW — SE
extends from the south of the Sele Strait to the SE
to the area near the Bintuni Basin. This fault is
thought to be a Paleozoic or Mesozoic fault which
is activated to become a dextral slip by the Sorong
Fault (Satyana et al., 2003).

In Figure 2 (Satyana et al., 2003), the stratig-
raphy in Salawati Basin comprises several forma-
tions from the oldest to the youngest including
Pretertiary basement, Imskin Formation (Paleo-
cene - Late Middle Eocene), Faumai Formation
(Late Eocene - Early Oligocene), Sirga Formation
(Late Oligocene), Kais Formation (Early Miocene
- Late Miocene), Klasafet Formation (Middle
Miocene - Late Miocene), Klasaman Formation
(Pliocene), and Sele Formation (Pleistocene).
In this study, the focus of the study was on the
Kais Formation (Early Miocene - Late Miocene),
Klasafet Formation (Middle Miocene - Late

Miocene), and Klasaman Formation (Pliocene).

In Figure 2, the Sirga Formation is overlain
by the Kais Formation. It was deposited in Late
Oligocene as siltstone, shelf limestone, and reef
limestone above a transgressive unconformity.
Based on seismicity, the Kais Formation is di-
vided into the Lower Kais Formation and the
Upper Kais Formation (Sudirja and Robinson,
1986; Pireno, 2017). The Lower Kais Formation
or intra-Kais horizon which is Early Miocene
in age is composed of shelf limestone and reef
limestone. These rocks were deposited in a wide
shallow marine environment and only developed
in the Matoa Subbasin, located in the northern
part of the Salawati Basin. In the deposition of
the Lower Kais Formation, there was a brief drop
in the sea level which resulted in the limestone of
this formation being exposed to the surface and
producing secondary porosity.

Then, the Klasafet Formation (Sudirja and
Robinson, 1986; Pireno, 2017) deposited in the
transgression phase in a closed, shallow marine en-
vironment, comprises mudstone or clay intercalated
with thin limestone that slopes over the limestone of
the Kais Formation (play the role of caprock of the
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Figure 2. Regional stratigraphy of Salawati Basin, West Papua (modified from Sudirja and Robinson, 1986; Satyana et al.,

2003; Pireno, 2017).

limestone reservoir of Kais Formation) in the north
and south. The deposition of Klasafet Formation
ended with the deposition of deep-sea limestone
or textularia limestone and reef limestone in high
areas in the northwestern part of the basin (Sudirja
and Robinson, 1986; Pireno, 2017).
Additionally, Saputra et al. (2023) stated
that Kemum Block, located in the northern Bird
Head Peninsula of Papua Island, is an extension
of Paleozoic to Early Mesozoic Pacific-facing
active margin of East Gondwana, associated
with Mid Paleozoic orogenic deformation and
foreland basin deposition. The NNW trending
fold affected the Mesozoic-Paleogene succession
of the northern Lengguru Fold Belt leading to the
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presence of WSW mostly moderately-gently dips.
Moreover, the Pliocene — Quaternary Central Bird
Head Monocline was influenced by the structures
in the northern Lengguru Fold Belt, associated
with the uplifting of Kemum Block in the northern
Bird Head Peninsula.

METHODS AND MATERIALS

Methods

In this study, the method used to achieve the
objectives includes: (i) seismic direct hydrocar-
bon indicator (DHI); (ii) seismic attributes; and
(ii1) seismic spectral decomposition.
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Seismic Direct Hydrocarbon Indicator (DHI)
Seismic interpretation and analysis of the
studied area revealed the presence of direct hy-
drocarbon indicators that can be used to forecast
the presence of an accumulation of hydrocarbons
in the reef limestone of Kais Formation C1. In
this study, a symple theoretical/model of reservoir
parameters was created in limestone model. In
Figure 3, reef carbonate C1 has higher density
and velocity than the clay of Kais Formation at
the top of C1. This situation will create a DHI
response of dim spot between clay and limestone
with a high contrast positive reflection coefficient
(Forrest et al., 2010; Zdanowski and Goérniak,
2014; Howarth and Alves, 2016). Moreover, flat
spots characterized by horizontal reflections are
observed in the seismic data. These are thought
to be strong indicators of the presence of gas in
subsurface, where the horizontal events represent
gas-water contacts (Chopra and Marfurt, 2012;
Kluesner et al., 2013; Neidell and Charuk, 2018).
The presence of hydrocarbons in the reservoir
causes the velocity to decrease, which potentially
causes the polarity of the reflected wavelets to
reverse (Nanda, 2021). This change in sign occurs
at the top of the reservoir. Meanwhile, the polarity
reversals have been attributed to abrupt differ-
ences in the physical characteristics of nearby
lithofacies or by the presence of hydrocarbons
(Barnes, 2001). In addition, one of the direct hy-
drocarbon indicators that indicates the presence
of a massive gas reservoir in the interest zone is
the gas chimney (cloud). Gas from the deeper res-
ervoir leaks upward, creating the gas chimney. It

has a cloudy appearance that resembles cigarette
smoke zone (Arntsen et al., 2007; Petersen et al.,
2010; Dixit and Mandal, 2020).

Seismic Attributes

To detect strong or weak amplitudes (bright
spots or dim spots) and to create invisible features
in the seismic data within specific intervals or
zones visible, the seismic attribute analysis was
utilized in this work. Since it accurately depicts
the acoustic impedance contrast of a reflector,
the seismic characteristic is a useful tool for
highlighting strong reflectivity anomalies. Each
attribute was used in a distinctive manner to
support distinct purposes of explanation. These
characteristics may consist of energy (instanta-
neous amplitude), low frequencies and sweetness
(instantaneous amplitude divided by the square-
root of instantaneous frequency), which are signs
that there are hydrocarbons inside a trap (Bueno et
al., 2014; Ferreira et al., 2021; Liu et al., 2022).
In this study, seismic attributes (instantaneous
amplitude, frequency, and sweetness) were used
to assist the seismic DHI analysis between the
clay of Klasafet Formation and the reef limestone
of Kais Formation.

Seismic Spectral Decomposition

Spectral decomposition is employed to display
temporal layer thicknesses in order to satisfy res-
ervoir delineations, including the detection and
differentiation of limestone reef, shale resources,
stratigraphic assessments, and indications of fluid
content (i.e. hydrocarbon oil or gas) (Partyka et

Clay (2600 m/s, 2.3 g/cc)
Dim spot, +ve RC

Gas or oil saturated limestone
(3000 m/s, 2.3 g/cc)

Flat spot

Water saturated limestone
(3400 m/s, 2.4 g/cc)

TOP C1

/

Figure 3. Scheme of the seismic direct hydrocarbon indicator (DHI) of the studied area (modified from Nanda et al., 2021).
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al., 1999; Marfurt and Kirlin, 2001; Castagna et
al., 2003). One of the spectral decomposition tech-
nologies, Continuous Wavelet Transform (CWT),
allows seismic signals to be examined in the time
and frequency domain simultaneously. It has an
ideal time-frequency resolution property, and has
turned out to be a well-known tool for the investi-
gation of seismic data (Sinha ef al., 2005; Xue et
al.,2014; Naseer, 2018; 2023). In this study, CWT
was applied in different frequency windows 10 Hz,
20 Hz, and 30 Hz to characterize fluid response in
carbonate reservoir rocks of Kais Formation.

Materials

The seismic data was acquired by TGS No-
pec company in Salawati Basin, West Papua
(Figure 4). The seismic recording scheme was a
636-streamer group system. The seismic source
was a 2000 Psi Soldera G-Gun. The acquisition
geometry was designed with a 25 m shot spacing
and a 12.5 m receiver interval. The sample rate
was 2 ms and the total recording time was 9,000
ms (Table 1). The total lenght of the seismic line
is 7,950 m acquired in 2010.

The South Salawati survey was completed

with a significant emphasis on turnover and in
accordance with the frontier basin processing flow
established in 2008. Multiple energy was pres-
ent, and the use of multiple removal techniques
was tested outside of the confirmation flow as
needed. This multiple energy was greatly reduced
by using SRME and Tau-P deconvolution in the

Table 1. Seismic Parameter of the Salawati Field

DESCRIPTION DETAILS
Seismic source Soldera G-Gun
Pressure 2000psi

Depth Sm

Source interval 25 m

Record length 9000 ms
Sample interval 2 ms

Streamer length 7950 m
Streamer depth 7m

Group interval 125 m

shot domain, as well as Radon demultiple (two
rounds) and Residual Radon demultiple in the
CDP domain. However, it still exists to variable
degrees in regions where the seabed is undulated
or rough, or when multiple energies are created
from beyond the plane.
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Figure 4. Location of the Salawati Field and the seismic line 1001 (red line).
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The presence of swell, linear, and random
noise was reduced as much as possible in the shot
domain using time frequency denoise and three
rounds of TauP linear noise attenuation. Prior to
PSTM, Ranna and FK filters were employed in
the common offset domain to suppress linear and
random noise. TGS experts the three passes of
closely spaced velocity studies (1 km, 1 km, and
0.5 km intervals), and every line was restacked at
each level of QC to ensure that any changes made
improved the data coherency. Constant velocity
analyses were created to help identify the right
velocity trends in areas of complex geology and
where there were uncertainties about velocity
trends.

RESULT AND ANALYSIS

2D Seismic Result

The seismic section along NW to SE are
shown in Figure 5a, and the seismic frequency
spectra are shown in Figure 5b. Based on seismic
response in Figure 5a, the interest zone is identi-
fied as a reef carbonate geometry associated with
the reef limestone of the Kais Formation with the
upper part of the limestone symbolized by Cl

(black rectangle). In Figure 5b, the frequency con-
tent in this region is mostly distributed between
10 - 50 Hz frequency band.

Seismic records of the Kais Formation gener-
ally have the appearance of parallel to subparallel
reflections. This reflection shows that the Kais
Formation was generally deposited in a stable
environment. Lagoon is characterized by the
appearance of parallel reflections and medium
to high amplitude, pinnacle reef is characterized
by the appearance of strong reflections with weak
internals like a patch reef, but has a pointed shape
at the top C1 (Figure 5a). The lower boundary
of the Kais Formation is not drawn with a clear
line, because its appearance only displays chaotic
reflections, so that only colour gradations are
given which indicate that at the lower boundary of
the Kais Formation there are thought to be other
formations, but the boundaries are not visible.

Seismic Interpretation and DHI

In Figure 6b, the top Cl is identified as a
positive reflectivity contrast, going from shaly
Klasafet Formation to limestone reef of Kais
Formation. Direct indicators of hydrocarbons are
seen at various depth levels in the reef limestone

10 20 30 50

20
Frequency (Hz

70 80

Figure 5. Displays of seismic profile of the studied area. (a) Seismic section with the highlighted zone of interest and (b)

Amplitude versus frequency spectrum of the interest zone.
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Figure 6. Interpretation of DHI of reef limestone of Kais Formation: (a) Original section and (b) Detailed of reef limestone
of Kais Formation with DHI: gas chimney, dim spot, flat spot, and polarity reversal.

from Early Miocene to Late Miocene of Kais For-
mation. These indicators consist of gas chimneys,
dim spots, flat spots, polarity reversal, and low
frequency. A gas leak (gas chimney) on a seismic
profile is regarded as a seismic exception, mean-
ing that it resulted in wave field scattering and
absorption rather than reflection (Petersen et al.,
2010; Dixit and Mandal, 2020). Both the partial
gas saturation inside the gas chimney and the
heterolithic nature of the shaly Klasafet Forma-
tion are causing frequency dependent wavefield
attenuation (i.e. absorption and scattering attenua-
tion, respectively), which results in a poor seismic
reflection quality.

The seismic section existing in the Kais For-
mation allows for the obvious recognition of the
DHIs criteria (dim spots, flat spots, and polarity
reversals) as well as some of the characteristics
of reef limestone (Figure 6b). Dim spots were
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identified on the boundary between the Klasafet
Formation and the Kais Formation on the top reef
limestone C1 which was caused by a change in the
low acoustic impedance of the Klasafet Forma-
tion clay to the high acoustic impedance of the
Kais Formation limestone. The presence of gas
in the limestone will cause a relative dimming
of the seismic reflectivity, relative to brine-filled
limestone. Then, numerous flat spots manifested
as horizontal red reflectors are observed within
the limestone reef of Kais Formation. These are
linked to slight changes in acoustic impedance
between the water saturated limestone beneath oil
or gas saturated limestone filling the upper part
of the carbonate reservoir (Chopra and Marfurt,
2012; Kluesner et al., 2013; Neidell and Charuk,
2018). Finally, another indication that the pres-
ence of hydrocarbons in the reservoir causes
the velocity to drop is the DHI seismic polarity
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reversal that occurred in the limestone of the Kais
Formation. This reversal of polarity in the zone
of interest may be due to sudden differences in
the physical characteristics of nearby lithofacies
or due to the presence of hydrocarbons (Barnes,
2001; Nanda, 2021).

Seismic Attributes

The instantaneous amplitude contour X-sec-
tion is displayed in Figure 7b. On the map, there
are distinct zones of moderate to high amplitude
(1,000 — 1,200 positive amplitude). These moder-
ate to high amplitude values are frequently linked
to lithological changes such as a high porosity
(porous limestone) (Bueno et al., 2014; Xue et
al., 2018 Ferreira et al., 2021; Liu et al., 2022),
dark areas, and particularly reef limestone zones
of Kais Formation that were saturated with gas or
oil. Then, by taking the instantaneous phase as a
function of time derivative, the average instanta-
neous frequency attribute is calculated. In Figure
7¢, low frequency zones (10 - 30 Hz) are present
in more than half the portion of the cross section.
Low frequencies are frequently linked to fractur-

ing, lithology changes, hydrocarbon-saturated
reservoirs, and especially gas-saturated reservoirs
(i.e. reef limestone of Kais Formation) (Castagna
etal.,2003; Zeng, 2010; Xue et al.,2018). Finally,
in Figure 7d, the high value sweetness attribute
(the ratio between high instantaneous amplitude
and low frequency) around 1,500 - 2,250 envelope
is observed on top C1 correlated to the top of reef
limestone of Kais Formation. The high sweetness
characteristic typically correlates with the reser-
voir rock hydrocarbon (oil or gas) content (Hart
etal.,2002; Sena et al., 2011; Wang et al., 2016).

Seismic Spectral Decomposition

In Figure 8, there are three different spectral
frequencies from CWT method. In Figure 8b,
in low frequency of 10 Hz, high amplitude was
detected on the top of C1. The low frequency
that is observed on top C1 may be correlated to
hydrocarbon response on the limestone reef of
Kais Formation (Smith, 2009; Yang et al., 2014;
Farfour et al., 2015). Then the amplitude was
decreased in frequency 20 Hz (Figure 8c) and 30
Hz (Figure 8d) which was caused by attenuation

Seismic

Frequency (Hz)

I
[

|__I§
(=]

Positive data

T
Envelope

et 2 - 750

0

Figure 7. Seismic attributes on studied area: (a) Original section; (b) Instantaneous amplitude; (c) Instantaneous frequency;

and (d) Sweetness attribute.
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Positive data

Figure 8. Seismic CWT maps of the studied area: (a) Original section; (b) Spectral frequency 10 Hz; (¢) Spectral frequency

20 Hz; and (d) Spectral frequency 30 Hz.

mainly due to the presence of fluid in the reser-
voir rock (Mavko and Dvorkin, 2005; Quintal
et al., 2009; Chen, 2020). In addition, the most
beneficial outcomes for identifying hydrocarbons
come from the spectrum decomposition of the
CWT method at frequencies between 10 Hz and
20 Hz since this range of frequencies is tuned to
represent the lateral distribution of hydrocarbons
with low frequency values.

DICUSSION

Seismic Response of Fluid Content

The existence of hydrocarbon fluids in res-
ervoir rocks using the available geological and
geophysical data is one of the key stages in hydro-
carbon exploration. Fluid saturation within rock
strata can initially be detected through amplitude
and frequency responses in relatively new fields
when only geophysical data is available (for ex-
ample seismic sections). Dim spots, bright spots,
and flat spots are examples of DHI information
that can be obtained from amplitude fluctuations
in magnitude. Meanwhile, the DHI polarity rever-
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sal indicator can be used to identify the hydrocar-
bon potential zone based on the change in phase/
polarity (Chopra and Marfurt, 2012; Kluesner et
al., 2013; Neidell and Charuk, 2018).

In this study, dim spots, flat spots, and polarity
reversal—all DHI indicators—were observed on
the reef limestone of the Kais Formation (Figure
6b). These zones may have hydrocarbon oil or gas
potential, as evidenced by dim spots at the bound-
ary between the shaly Klasafet Formation and the
top reef limestone of the Kais Formation. Based on
an earlier research, dim spots in carbonate rocks are
a sign that the lithology is shifting from the shale/
clay horizon to the top carbonate reservoir, and that
the presence of hydrocarbon fluids leads to weaker
contrasts in the elastic parameters compared to the
same reservoir rocks filled with water (Forrest et
al.,2010; Zdanowski and Goérniak, 2014; Howarth
and Alves, 2016). Further investigations of the
internal seismic reflectors in the Kais Formation
limestone, reveals multiple horizontal events or
flat spots (Figure 9a), interpreted as pore fluid
contacts between hydrocarbons and water (Chopra
and Marfurt, 2012; Kluesner et al., 2013; Neidell
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Figure 9. Interpretation of multiple flat spots in this study.
(a) Interpretation of oil-gas contact (OGC) and oil-water
contact (OWC) from seismic DHI. (b) Illustration of fluid
content layers in the reservoir rock.

and Charuk, 2018). Figure 9a shows that, the two
flat spots are regarded as a multiphase fluid com-
position that includes oil-gas contact (OGC) and
oil-water contact (OWC) at a lower layer. Figure 9b
indicates an illustration of the fluid arrangement in
reservoir rocks where water is in the bottom layer
because its density is the highest, gas is in the top
layer because its density is the lightest, and oil is
between the water and gas (Fustic et al., 2019;
Huang et al., 2020; Jia et al., 2023).

Then, polarity reversal was also observed on
several horizons which seemed to be disconnected
due to changes in reflector colour. Several previous
studies have provided information that changes in
polarity or seismic phase are inversely associated
with the presence of fluid in rock layers due to a
decrease in seismic velocity compared to its sur-
roundings (Barnes, 2001; Nanda, 2021).

The results of seismic attribute data processing
and spectral decomposition support the proof by
demonstrating conformity with the DHI seismic
results. The high acoustic impedance of the reef
limestone of Kais Formation correlates with the
high instantaneous amplitude attribute on the top
C1 (Bueno et al., 2014; Xue et al., 2018; Ferreira
etal.,2021; Liu et al., 2022). Therefore, the instan-
taneous frequency value confirms that the top C1
layer fluid content is the cause of the low anomaly
in that layer, where several prior study findings
have demonstrated that low frequencies are as-

sociated with the presence of fluid (Castagna et
al.,2003; Zeng, 2010; Xue et al., 2018). Then, the
target zone is further supported by the evidence that
it contains hydrocarbon by dividing the amplitude
value by frequency and obtaining a high sweetness
attribute value on top C1 (Hart et al., 2002; Sena
et al., 2011; Wang et al., 2016). Additionally, the
lateral frequency distribution is highly clearly
mapped by the CWT result at a frequency of 10 -
20 Hz (Mavko and Dvorkin, 2005; Smith, 2009;
Quintal ef al., 2009; Yang et al., 2014; Farfour et
al., 2015; Chen, 2020).

Limitation of the Study

Even though the Salawati Basin prospect
zones can be inferred from seismic DHI, seismic
attributes, and spectral decomposition results, this
research will be more reliable if well data is also
incorporated. The key to this research will be the
existence of well data, because drilling in the pros-
pect zone is required to validate the prospect zone.

Furthermore, the seismic attribute procedure
requires well data for error analysis and the it-
erative process of choosing the proper seismic
attributes (Russell et al., 1997; Zahmatkesh et
al.,2021; Haque et al., 2022). Aside from spec-
tral decomposition, the availability of well data
would further increase the confidence of the pros-
pect zone identification results, even if in some
instances it can stand alone without well data as
a preliminary study (Saeid et al., 2020; Zhao and
Zhang.,2021; Guetal., 2022). Itis also envisaged
that future studies would contain information on
wells in the Salawati Basin region.

Proposed Well-test for the Next Exploration
Steps

Based on seismic analysis in the researched
area, the target zone is predicted to be very
prospective as a hydrocarbon reservoir which
is a carbonate reservoir (reef limestone, Kais
Formation). Therefore, well data information at
the researched location is needed. The recom-
mended location for the well test is placed in an
area that can penetrate the reef limestone layer of
the Kais Formation (Figure 10). The goal to be
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Figure 10. Location of the proposed well-test in the reef limestone of Kais Formation, Salawati Basin, West Papua.

achieved is that the drill hole can penetrate lay-
ers that are likely to contain hydrocarbons in the
interest zone. Previous research has also showed
that hydrocarbon prospect zones in carbonate
rocks are located at the top of carbonate growth,
although this is analogous to high areas in clastic
reservoirs (Baldini et al., 2020; Hu et al., 2020;
Radwan et al., 2022; Sun et al., 2023).

CONCLUSIONS

This research is an initial study of a new
prospect zone around the Salawati Basin, West
Papua, eastern Indonesia. Analysis of carbonate
geometry and fluid content within it can be an
initial screening stage in the hydrocarbon explo-
ration process. From the seismic characteriza-
tion of the studied area, it was obtained that the
reservoir geometry of the target zone correlated
with the reef limestone of Kais Formation. Then,
in an internal analysis of the reservoir geometry
regarding seismic amplitude and frequency val-
ues, information was obtained that the target zone
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was areservoir layer containing hydrocarbons as
observed by seismic DHI flat spots, dim spots, and
polarity reversal. Seismic attribute instantaneous
amplitude, frequency, and sweetness data also
confirm that the target zone contains the presence
of hydrocarbon fluids. In addition, CWT analysis
provides information on the lateral distribution of
low frequencies 10 - 20 Hz following the top C1

reef limestone of Kais Formation.

This study suggests doing tests utilizing well
data that is right above the reef limestone of The
Kais Formation on the surface. This well test is
recommended to be carried out at the advanced
exploration stage. It is expected that this well will
reach the target zone and provide evidence that in
fact it is proven to be an effective reservoir rock.
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