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Introduction

Several carbonate formations from the Jurassic to the
Neogene in the southwest of Iran especially in the
Dezful depression are the most important hydrocarbon
reservoirs of Iran. The Asmari formation is one of these
reservoirs, and about 80% of Iran's oil is produced
from this formation. The variety of lithological, facies,
and diagenesis has made the Asmari Formation a
heterogeneous reservoir [ 1,2].

In the studied field, the Asmari Formation in terms
of lithology includes limestone, dolomite, anhydrite,
sandstone, and limestone shale; So, so it is considered
a mixed carbonate-siliciclastic formation. Asmari
reservoir in this field has oil production in some zones
(sand section) and gas accumulation in some other
zones. Therefore, the studied field has heterogeneity
and complexity of fluid distribution and lithology.
Since the 1920s, the seismic reflection method has
been used as a powerful method of exploration. Also,
today, with the advances that have occurred in seismic
acquisition and processing, it is possible to obtain rock
physics information from seismic data. These methods
are known as quantitative interpretation and include
the identification and physical characteristics of rocks
and types of fluids.

Asmari reservoir in the studied field is heterogeneous
in terms of lithology (limestone, dolomite, anhydrite,
and sandstone) and also parts of the reservoir have gas
and some zones have oil fluid.

Accepted: August/05/2024

Materials and Methods

Various seismic studies have been carried out by
different researchers in the sandstone part of the Asmari
reservoir [3]. However, the target zone of this article is
the upper carbonate part of the Asmari formation which
includes a variety of lithology (limestone, dolomite,
and anhydrite) and fluid distribution heterogeneity.
Therefore, the main goal of this article is to determine
the distribution of lithology and fluids of the Asmari
reservoir (Upper Asmari limestone section) using
seismic pre stack data.

Results and Discussion

Fluid Prediction

Fluid Replacement Method

Changing the type of fluid and its saturation value in
the reservoir and producing synthetic seismographs
related to these changes are introduced as fluid
replacement modeling. Because there is limited data at
the well location and in most cases, only one well can
give data about the hydrocarbon. In such a situation,
the best solution is to model the reservoir rock and
fluids and then predict synthetic seismographs by
this modeling. By having compression wave, shear
wave, and density logs and using Zeoprits equations,
the AVO behavior of the reservoir can be estimated
in different states of the presence of pore fluids and
compared with seismic. Gassman’s (1951) equations
are used to model the reservoir rock [4].



Fig. 1 shows the different stages of fluid replacement
for the case where the reservoir rock is considered to
be completely saturated with oil (85% oil). After this
stage, two other scenarios were investigated. Fig. 2
shows the scenario related to the reservoir rock with
full gas saturation (85% gas). It is clear that when the
fluid is replaced from oil to gas, the estimated logs
are different from the initial logs, which are obtained
from petrophysical interpretations and assuming the
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Fig. 1 Fluid replacement in the condition that the reservoir
has 85% oil (top figure). The blue logs correspond to the real
values and the red logs correspond to the estimated values.

Elastic Inversion Method

With  the simultancous inversion,  density,
compressional, and shear wave velocity can be
extracted for far and near angles, therefore, by the
elastic inversion method, a map of elastic impedance
variations for the studied area, is shown in Fig. 3. As
it is clear from this section, this value has decreased
towards the west, near well A-17, which can be
attributed to the presence of gas, and it increases
towards the northeast near well A-10 well which can
be attributed to the change of fluid from gas to oil.

Cross Plotting of AVO Attributes
Cross plotting of AVO attributes can be used as a tool
to detect hydrocarbon fluids [5]. Due to the subsurface

Petroleum Research, 2024(December-January), Vol. 34, No. 138

presence of oil, they are similar to the initial logs, but
replacing fluid to gas in the well A-17 causes sharp
variation, especially in density and K coefficient. The
remarkable point of this stage of the research is the
great similarity of the complete gas saturation scenario
with the real reservoir conditions. In addition, this
evidence most likely indicates that the hydrocarbon
fluid is gas.
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Fig. 2 Fluid replacement in the condition that the reservoir
has 85% gas (top figure). The blue logs correspond to the real
values and the red logs correspond to the estimated values.

complexity and the non-uniqueness of the seismic
elastic responses, seismic cross-plotting also requires
the display of several indicators simultaneously.

This Cross plotting helps to identify anomalies,
background slope, or dispersion. The presence of
hydrocarbons associated with AVO anomalies may
include a decrease or increase in amplitude versus
offset. Moreover, Fig. 4 shows a cross plot of the
intercept versus gradient which the color scale shows
the time. Based on the results obtained in the carbonate
zone, a certain homogeneity is generally observed in
the studied part of the carbonate reservoir, which it
can indicate the presence of the same fluid in this area.
According to regional observations and the results of
fluid replacement modeling, the carbonate reservoir in
this part of the field can contain gas fluid.
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Fig. 4 Cross plot of AVO attributes in the reservoir zone. In the target zone (from 680 t0 720 millisecond) indicate the presence

of the same fluid.

Vp/Vs Ratio Method

In this section, the Vp/Vs ratio has been obtained, a
section of which is shown at the location of well No.
17 (Fig. 5). Moreover, studies have shown that the type
of fluid in carbonate formations can be recognized by
using the ratio of pressure and compression wave ve-
locities [6]. Reducing the value of the Vp/Vs ratio in
carbonate formations is a sign of the presence of gas
fluid. A section of the ratio of velocities in the target
zone shows that the dominant fluid in this zone is gas

(Fig. 5).

Lithology Prediction

To extract hydrocarbon, determining the lithology in
the subsurface is very important. This is done at the well
location by logs and core data. However, these data are
limited to the location of the well, but characterization

of the reservoir using seismic data will also determine
the lithology in the field scale. in this research, the study
area is one of the most heterogeneous reservoirs in
terms of lithology, which includes limestone, dolomite,
shale, and sandstone. For lithology prediction Vp/
Vs ratio has been used. Previous researchers such as
Pickett 1963 have determined the ratio of wave speed
in different sedimentary rock lithologies [7].

Fig. 6 shows the relationship between these ratios and
lithology values. According to this figure, it is clear
that in this division, the Vp/Vs ratio equal to 1.9 or
higher is for calcite, 1.8 for dolomite 1.7 for anhydrite,
and less than 1.7 for the rest of the minerals.

In the target zone, the lithology diversity of limestone,
dolomite, and anhydrite is determined (Fig. 7). Also,
other lithologies can be seen in the lower part of the
section.
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The simultaneous result inversion was used on 3D
seismic data. From Three groups of angles used in
seismic inversion, 3 wavelets were extracted that
showed acceptable agreement with each other and
finally one representative wavelet. was used for the
entire volume of seismic data.

Four methods were used to determine the type of fluid.
1- Fluid replacement method: 80% agreement showed
that the upper part of Asmari limestone embedded gas
fluid.

2- Elastic impedance inversion method: a slice of
elastic impedance variations in the target zone showed
that its value decreases towards the west of the field,
which indicates the presence of gas fluid, in this part,
and towards the northeast of the field, it increases,
which indicates the presence of oil fluid in this part.
3- AVO cross plot method: according to the trend
of intercept versus gradient in this cross plot a
homogeneity is observed which indicates the presence
of one type of fluid (gas) in that zone.

4- Vp/Vs ratio method: the cross-section of this ratio
shows a reduction in the target zone, which indicates
the presence of gas fluid.

Identification of lithology distribution using the Vp/
Vs ratio method: the values of this ratio show that
limestone, dolomite, and anhydrite lithologies are
distributed in the target zone. The limestone lithology
is a dominant lithology in the mid part of studied zone.

Conclusions

For prediction of fluid and lithology distribution in
the Asmari reservoir 3D seismic data was used. The
following results have been obtained from the study:
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