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Abstract

Prestack seismic attributes are efficient tools for hydrocarbon exploration and pore fluid detection with the
help of various techniques, such as amplitude variation with offset analysis. Such studies focus mainly on sil-
iciclastics rather than carbonates because detection of fluid effects in carbonate rocks can be masked by their
complex pore structure and heterogeneity. Current fluid detection methods from seismic attributes usually rely
on a linear background model for P- and S-wave velocities of the water-saturated rocks, and any deviation from
this trend is assigned to possible pore fluid changes. This means that the false (or even missed) effect of fluids
can be detected in carbonate rocks if inappropriate fluid detection attributes (such as the ones designed for
siliciclastics) are used. This is mainly due to the varying pore structure in carbonates, which can make their
background model (the model for fully water-saturated rock) mainly nonlinear. I observed that this nonlinearity
in the carbonates background model becomes more linear by using P-velocity squared versus the product of the
P- and S-velocities crossplot instead of P-velocity versus S-velocity crossplot. Furthermore, I used this proposed
crossplot to define a more appropriate background model for my carbonate sequence containing some percent-
ages of gas. I derived a new seismic fluid attribute based on the proposed background model, and I compared
the results with various other fluid factors. My results highlight fluid changes more brightly and consistently
than existing alternatives for carbonate environments.

Introduction
Seismic reflection amplitudes reveal information

about the fluid content of the rocks constituting seismic
reflectors. Hydrocarbon reservoirs may, therefore, be
detected from seismic amplitude anomalies using attrib-
utes such as the fluid factor equation (Smith and Gidlow,
1987). On the stacked seismic data, identifications of
bright spots, dim outs, phase reversals, or flat spots are
also interpreted as direct hydrocarbon indicators. How-
ever, such hydrocarbon-related amplitude anomalies are
not the only amplitude anomalies that could be caused
by reservoir rock property changes, especially for car-
bonate rocks. The relationships between reservoir and
seismic properties are more complex for carbonate
rocks than they are for siliciclastics due to their highly
variable pore structures (Wang, 1997; Anselmetti and
Eberli, 1999). This can be observed on their porosity-
velocity crossplots with a high scattering pattern and
as a nonlinear trend on their VP and VS relationship. This
is the result of the coexistence of various pore types with
different stiffness in carbonates in such a way that in-
creasing the volume fraction of soft pores (e.g., cracks)
can make them more sensitive to the pore fluid pro-
perties (Saberi, 2010). Thus, to reduce such nonunique-
ness in reservoir property interpretation (especially for

carbonate rocks), prestack techniques such as amplitude
variation with offset (AVO) need to be analyzed and
modeled using rock-physics techniques. Rock physics
is an efficient tool for investigating rock microstruc-
ture effects on seismic properties and can help with re-
solving the nonuniqueness problem in reservoir property
interpretation.

This paper investigates the fluid factor equation
(Smith and Gidlow, 1987) in more detail, and it pro-
poses a modification to it that is applicable for detecting
fluid anomalies within carbonate layers. Its applicability
will then be tested on a carbonate data set consisting of
two exploration wells (A and B) and a connecting 2D
seismic line with near-, far-, and full-offset stacks. The
carbonate interval has been characterized in terms of
depositional evolution, style of diagenesis, and porosity
development into four stages: mixed siliciclastic and
carbonate, shallow water, open marine, and deep/cold
water. Furthermore, these depositional evolution stages
are classified into nine different lithologic units based
on the biota and 12 associated microfacies (Ehrenberg
et al., 1998a, 1998b). The proposed modification adopts
the existing fluid factor equation for carbonates by
using a more linear behavior on V2

P − VPVS crossplot as
the background model. This, in turn, brightens up the
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seismic fluid anomaly with more continuous effects on
the seismic section.

Background and methodology
In general, AVO analysis aims to extract information

about lithologic conditions and pore fluid properties
from reflection amplitudes and their variation with off-
set. The AVO assumption is that the reflection coefficient
from a plane boundary separating media of different
acoustic impedances is also a function of the incidence
angle, which is normally expressed through the nonlin-
ear Zoeppritz (1919) equations. Linear approximations of
Zoeppritz equations (e.g., Koefoed, 1962; Aki and Ri-
chards, 1980; Wiggins et al., 1983) are easier to analyze
and more applicable for AVO analysis. Aki and Richards
(1980) present a simplified version of the Zoeppritz equa-
tions relevant for precritical reflections. Wiggins et al.
(1983) and Shuey (1985) use the Aki and Richards (1980)
results to show that when considering a small impedance
contrast between reflection and refraction waves, and
VP ≈ 2VS, a linearized version of the reflection coeffi-
cient Rpp can be written as

RppðθÞ ≈ RP þ G sin2 θ; (1)

where θ denotes the incidence angle, G is the AVO
gradient, and RP is the AVO intercept or normal inci-
dence P-wave reflection coefficient and can be approxi-
mated by

RP ¼ 1
2

�
ΔVP

VP
þ Δρ

ρ

�
; (2)

whereΔρ ¼ ρ2 − ρ1, ρ ¼ 1∕2ðρ1 þ ρ2Þ, ΔVP ¼ VP2
− VP1

,
and VP ¼ 1∕2ðVP1

þ VP2
Þ. Here, VP denotes the P-wave

velocity, ρ is the density, and the subscripts 1 and 2 refer
to the medium properties of our two-layer model (reflec-
tion and refraction media). The AVO gradient (G) is
shown (Wiggins et al., 1983) to be related to the normal
incidence P- and S-wave reflectivities, RP and RS, by

G ¼ RP − 2RS; (3)

with

RS ¼ 1
2

�
ΔVS

VS
þ Δρ

ρ

�
; (4)

where ΔVS and VS are defined similarly to the ΔVP and
VP definition for RP.

Ostrander (1984) is among the first to show that gas-
saturated sandstones have lower Poisson’s ratios (and
VP∕VS ratios) than water-saturated sandstones. This
means that AVO techniques can be potentially used
to detect gas-bearing sandstones from surface seismic
data alone. Later, Smith and Gidlow (1987) develop a
pore fluid indicator using a combination of G, RP, and
RS, referred to as fluid factor (ΔF). Furthermore, Good-
way et al. (1997) show the use of Lamé’s elastic param-

eters (λ and μ) and their products with density ρ, as
useful attributes for fluid and lithology discrimination.
The term μ is the shear modulus, and λ is defined as

λ ¼ K −
2
3
μ; (5)

where K is the incompressibility. In particular, λ and
λρ were deduced as potential direct hydrocarbon
indicators. As an alternative to the use of RP, RS, and G,
Connolly (1999) formulates the concept of elastic
impedance. When combined with acoustic impedance,
elastic impedance may be applied to separate gas sands
from wet sands and shales. The elastic impedance is a
generalization of the acoustic impedance for variable
incidence angles, and it is an appropriate AVO param-
eter to be used in seismic inversion (Cambois, 2000).
However, to further quantify the effect of lithologic con-
ditions or their pore fluid content from reflectivity data,
rock-physics relations have to be embedded within seis-
mic attributes. Castagna et al. (1985) establish a linear
empirical relationship between VP and VS for water-sa-
turated siliciclastic rocks (sandstones and shales),
which, when considering velocities in ms−1, is given by

VP ¼ 1.16VS þ 1360: (6)

Neglecting the density effects on RP and RS (i.e.,
Δρ ¼ 0) and differentiating equation 6 with respect to
VS yields a relation between RP ¼ ðΔVP∕2VPÞ and RS ¼
ðΔVS∕2VSÞ for water-saturated siliciclastic rocks as

RP ¼ 1.16

�
VS

VP

�
RS: (7)

Thus, for reflections between water-saturated rocks
(i.e., shale/sand), the fluid factorΔF vanishes. Then,ΔF
(Smith and Gidlow, 1987) is defined as

ΔF ¼ RP − αRS; (8)

where α ¼ 1.16VS∕VP. Whenever jΔF j > 0, this should
indicate a shale/sand reflection boundary in which one of
the layers is not fully water saturated. Deriving VS∕VP
for real data implies that the P-wave interval velocities
of the two layers must be estimated, for example, from
stacking velocities. Subsequently, the corresponding in-
terval S-wave velocities can be found using the empirical
VP-VS relationship, e.g., in this case the mudrock line.
Fatti et al. (1994) formulate this for studying time-varying
amplitudes by defining the fluid factor as

ΔFðtÞ ¼ RPðtÞ − βðtÞRSðtÞ; (9)

where ΔFðtÞ is the fluid factor extracted for each time
sample of the normal moveout-corrected seismic gather
and βðtÞ is a slowly time-varying gain function that
should be extracted locally, and it varies slightly from
area to area with depth. The term βðtÞ slightly changes
within a reservoir and can be considered as a constant
value based on the given surrounding water-saturated
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sediments. Furthermore, Smith and Sutherland (1996)
propose a quality factor to find the optimum βðtÞ by de-
fining it as

βðtÞ ¼ a
VSðtÞ
VPðtÞ

; (10)

where a is the slope of the linear relationship between
VP and VS for the water-bearing zones, VPðtÞ is deter-
mined from stacking velocities, and the corresponding
VSðtÞ is defined from an empirical relationship between
VP and VS. This infers that reflections from water-satu-
rated sediments that do not follow the mudrock line
(such as carbonate rocks) could be wrongly brightened
up using equations 8 and 9 (Avseth et al., 2005). Further-
more, this means that using these attributes can create
false fluid anomalies for the interbedded carbonate
layers within a clastic sedimentary column. However,
studies by Rafavich et al. (1984) and Li and Downton
(2000) show significant effects of gas on the AVO behav-
ior in carbonate rocks, which again indicates the appli-
cability of AVO for detecting fluid anomalies within
carbonate sequences if proper fluid attributes are de-

signed. This study aims to design a seismic attribute to
detect fluid effects in carbonates. This attribute will be
tested, furthermore, on a carbonate data set for valida-
tion, and the results will be compared with the common
fluid attributes.

Fluid detection attribute for carbonates
This paper seeks to obtain a simple approach to de-

fine background trends used for fluid detection in car-
bonate rocks similar to the one found for siliciclastics
by Smith and Gidlow (1987). Figure 1a shows VP versus
VS for a set of modeled data, in which the mineral and
fluid (brine) properties are constant and the pore struc-
ture and porosity varied. The modeling was performed
using a differential effective medium approach (Berge
et al., 1992) with inclusions defined by the pore aspect
ratio and their volume fractions from the total porosity
(ranges between 0% and 20%). Details of the parameters
used in the modeling are provided in Tables 1 and 2. In
Table 2, P1 to P4 represent different defined scenarios
for pore geometry based on different aspect ratios; P1
represents the stiffest pore geometry by having all pores

Figure 1. (a) Normalized and modeled VP versus VS crossplots for a brine-saturated limestone with different pore aspect ratios
and their volume fractions (P1 to P4 as given in Table 2) and (b) the same crossplot as (a) given for the well logs of well A. This well
is penetrating within the carbonate sequence consisting of different depositional environments and reveals a prominent change in
water saturation within the open marine sediments. (c and d) The normalized V2

P versus VPVS crossplots of data are shown in
(a and b). It is clear that classifying carbonates based on the pore structure along with using a V2

P versus VPVS crossplot can help
with a more linear background response.
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with aspect ratios equal to one. Then, gradually volume
fractions of lower aspect ratios are increased and as a
result pore geometry becomes softer (from P2 to P4).
Figure 1b shows VP versus VS for two carbonate se-
quences obtained from the well log used in this study.
Figure 1a and 1b clearly demonstrates that there is not a

linear trend between the two velocities. In both plots, a
line has been fitted to the data points. However, if we
plot them in a V 2

P versus VPVS crossplot, then we can
obtain a more linear trend (Figure 1c and 1d). This is
confirmed by the correlation coefficients of the lines fit-
ted to the crossplots in the given figures. Therefore, a
linear relationship between V2

P versus VPV s can be con-
sidered as the background trend instead of the mudrock
line to derive a new fluid factor for carbonates. This re-
lationship, in general, can be written as

V2
P ¼ a 0VPVS þ b 0; (11)

where a 0 and b 0 are the regression coefficients. Differ-
entiation of equation 11 with respect to VS gives

2VP
ΔVP

ΔVS
¼ a 0

�
VS

ΔVP

ΔVS
þ VP

�
: (12)

Hence, we obtain

VP

VS
RP ¼ a 0

2
ðRP þ RSÞ (13)

considering equations 2 and 4 and neglecting the den-
sity effects (Δρ) on RP and RS. Therefore, a seismic fluid
factor for carbonate can accordingly be defined as

ΔF ¼ RP − γRS; (14)

where γ is a parameter given as

γ ¼ 1
2
a 0

VP
VS

− 1
· (15)

This equation has the same format as
previous fluid factor equations but with
a different coefficient for RS. This coef-
ficient needs to be defined using well-
log data from crossplot analysis consid-
ering the related depositional environ-
ment. To test this modified fluid factor,
a reflection within a simple two-layer
model is assumed. The layer properties
were obtained from the modeling results
of Figure 1, and the parameters and de-
tails of the model are given in Tables 1
and 2. Figure 2 shows derived fluid
factors considering various porosities of
the refraction (reservoir) medium, based
on equation 8 (Smith and Gidlow, 1987),
and the modified fluid factor given in
equation 14. For the application of equa-
tion 8, the mudrock line (a ¼ 1.16) and a
locally calibrated VP versus VS slope
(a ¼ 1.49) were used. For the modified
fluid factor, the slope was defined ac-
cording to the results of Figure 1c
(a 0 ¼ 0.9). The modified fluid factor is

Table 1. The elastic constants used in the present
model for calcite, brine, and light gas.

Mineral and
fluid

Density
(g∕cm3)

Bulk modulus
(GPa)

Shear modulus
(GPa)

Calcite 2.71 76.8 32

Brine 1.05 2.2 0

Light gas 0.07 0.0177 0

Table 2. The assumed pore models. The term α is the
pore aspect ratio, and P1–P4 are their corresponding
volume fractions.

α P1 P2 P3 P4

1 1 0.65 0.60 0.45

0.1 0 0.20 0.20 0.20

0.01 0 0.13 0.13 0.20

0.001 0 0.20 0.07 0.15

Figure 2. The calculated fluid factors for a two-layer carbonate model (lime-
stones) in which layer 1 is water filled and layer 2 is water or gas filled. The pore
aspect ratio for layer 1 is defined from P2 (Table 2), and the pore aspect ratio for
layer 2 is defined from P4 (Table 2). The porosities of both layers vary between
0% and 20%, and different fluid factors are calculated accordingly. This figure
investigates the fluid factor response for two scenarios: (1) Both layers are water
saturated (the open symbols) and (2) layer 1 (upper layer) is water saturated,
whereas layer 2 (under layer) is gas saturated (the gray-filled symbols).
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seen to give the strongest response of the three. As a
reference, the various fluid factors are also displayed in
the case of a water-water reflection, which theoretically
should give zero response.

Application of the derived equation on a carbonate
sequence

The proposed fluid attribute, along with other attrib-
utes, was applied to the carbonate data set. Figure 3
shows well logs for the two wells highlighting the gas-sa-
turated limestone within the open marine heterozoan
limestone (the black circles). The openmarine depositio-
nal environment (with possibly a different pore geometry
compared with the other depositional environments) is
partially saturated with gas, whereas the other carbonate
depositional environments are fully brine saturated. Fur-
thermore, AVO parameters are calculated for both wells
using blocked elastic logs. It can be seen that gas will,
relative to full water saturation, decrease VP∕VS and
K∕μ, whereas the gradient parameter G becomes posi-
tive at the bottom of the gas-saturated zone (Figure 4).

To analyze the rock properties of the carbonate sequence
compared with the siliciclastics and open marine lime-
stone, the VP-VS crossplot for these two wells is com-
pared in Figure 5. It can be seen that the carbonate line
deviates from themudrock line (siliciclastics) by a higher
slope. In addition, two different VP versus VS trends can
be observed within the carbonate interval in which the
openmarine heterozoan limestone deviates with a higher
slope from the entire carbonate sequence. This deviation
can be attributed to their fluid content as well as their
heterogeneous pore geometry caused by variations in
their depositional environment (Anselmetti and Eberli,
2001). Figure 6 displays the same well logs on the V 2

P ver-
sus VPVS crossplots in which a better linear relationship
and improved fit is observed. This improvement in linear-
ity as illustrated in Figure 2 can be related mainly to the
reduction in pore geometry effects on the scattered and
nonlinear behavior in the VP versus VS crossplot. This
means that the deviation between the open marine lime-
stone and the entire carbonate sequence should now
mainly be related to their fluid content.

Figure 3. Well-log data including the gamma ray, porosity, density, resistivity, saturation, and sonic velocities (P- and S-wave) for
wells A and B (Saberi, 2010). A water saturation log (the first track from the right in a) was only available from well A. The same
behavior of the gas-saturated interval on well A logs (resistivity, porosity, density, VP, and VS) can also be detected on the same
logs for well B (the black circles), which is a good indicator of the existence of gas in that interval for well B.
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In the following, the well data (Figures 5 and 6) are
used to determine the coefficients α, β, and γ of the vari-
ous fluid factors using relevant equations set out in the
previous section. Here, the VS∕VP ratios are obtained
from the blocked P-velocities above and below the re-
flection boundary, with the corresponding S-velocities
predicted using the relevant background VP-VS model.
Then, fluid attributes are calculated using four different
models:

1) The Smith and Gidlow (1987) fluid factor (equa-
tion 8):

ΔF1 ¼ RP − 0.74RS: (16)

Here, α (0.74) is calculated based on the mudrock
line as shown in Figure 5a and 5b (the black dots).

2) The Fatti et al. (1994) fluid factor (equation 9) using
the carbonate sequence as the background model:

ΔF2 ¼ RP − 0.98RS: (17)

Here, β (0.98) is calculated based on the best fit line
on the entire carbonate sequence as shown in Fig-
ure 5a and 5b (the gray dots).

3) The Fatti et al. (1994) fluid factor (equation 9) using
only the open marine depositional environment (a
member of the carbonate sequence) as the back-
ground model:

ΔF3 ¼ RP − 1.14RS: (18)

Here, β (1.14) is calculated based on the best fit line
on the open marine carbonate sequence as shown in
Figure 5c and 5d (the light-gray dots).

4) The proposed approach of using the linear behavior
of V 2

P versus VPVS crossplots (equation 14)

ΔF4 ¼ RP − 0.37RS: (19)

Here, γ (0.37) is calculated based on the best fit
line on the entire carbonate sequence as shown in
Figure 6a and 6b (the gray dots).

Figure 4. (a and c) The AVO parameters (RP, RS, andG) and (b and d) various fluid factors (ΔF1-ΔF4) at well locations calculated
using well data. Also shown are the P-velocity VP, S-velocity VS, porosity Φ, bulk modulus K , and shear modulus μ, VP∕VS, and
K∕μ. The gray box shows the assumed zone for saturation changes within the limestone interval. The newly introduced fluid
attribute (ΔF4) is seen to be more brightened within this interval compared with the other fluid attributes (adopted from Saberi,
2010).
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Figure 4b and 4d shows the results of these four fluid
factor equations on logs from well A and well B. Further-
more, RP and G are derived from the near- and far-stack
seismic data and accordingly the same fluid attributes
(ΔF1, ΔF2, ΔF3, and ΔF4) are calculated for the 2D seis-
mic line connecting these two wells. The results are pre-
sented in Figure 7 in which four different fluid sections
are compared.

Results and discussion
Figure 4b and 4d shows the various fluid attribute logs

(ΔF1, ΔF2, ΔF3, and ΔF4) using the refined well data
(Figure 4a and 4c) in which the gray band highlights
the depth section of the assumed partly gas-saturated
layer. All of the four calculated fluid attribute logs (Fig-
ure 4b and 4d) consistently brighten up the fluid-contain-
ing reflector, but the proposed fluid attribute (ΔF4)
clearly gives the strongest response. These various fluid
attributes are applied to the available seismic section

(Figure 7) to generate four different fluid attribute sec-
tions. As these sections are scaled in the same way, the
amplitudes are directly comparable. Within the carbon-
ate sequence, indicated by the white background, the
modified fluid factor ΔF4 appears less noisy, and it also
displays the interface as more continuous, particularly in
the rightmost part of the section. Note that γ coefficient
for calculating ΔF4 is calculated using the entire carbon-
ate sequence (Figure 6a and 6b), and the open marine
depositional environment (the gas-bearing interval) devi-
ates from this general trend (Figure 6c and 6d). This
deviation is attributed mainly to different fluid content
usingΔF4 as the variation in lithology is seen to be gentle
based on the RS section. Here, some of the events above
and below this interface also appear to be brighter and
more continuous compared with the other sections.
However, within the siliciclastic sequence below, ΔF4
indicates false fluid anomalies that are not shown by
ΔF1-ΔF3. This is as expected because the introduced

Figure 5. Crossplots of VP versus VS fromwell-log data for clastics (the mudrock line shown in the black dots) and carbonate (the
gray dots) interval for (a) well A and (b) well B. The open marine carbonates (the light-gray dots) are furthermore shownwithin the
carbonate interval (the gray dots) in (c) well A and (d) well B. (a and b) How carbonate intervals deviate from the clastic trend
(mudrock line). Furthermore, (c and d) show how even different depositional environments (open marine in this case) within the
carbonate interval can deviate from the general carbonate trend. The inserted lines are the best fit to the well data, and R2 is their
coefficient of determination.
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modification is specifically designed for reflections
within carbonate rocks. This example particularly dem-
onstrates the need to establish the main lithologic units,
before interpreting fluid anomalies.

The strong fluid response for all fluid factors can be
understood from Figures 2 and 4 because the porosity
of the considered zone is moderate resulting in a value
of the same range for all fluid factors. The term ΔF4
should further outperform the others by looking for a
linear background trend in which the pore geometry
effects are minimized. This carbonate attribute is de-
signed based on the Smith and Gidlow (1987) approach
for siliciclastics using P- and S-wave reflectivity infor-
mation along with a more appropriate background
model. The estimation of RP and G is based on the
assumptions of weak layer contrasts, a relatively small
interval of precritical incidence angles, and on the VP ≈
2VS relation. Thus, this new approach may suffer from
the weaknesses inferred by these assumptions. In gen-
eral, VP for carbonates is usually greater than for silici-
clastics, which makes this latter assumption better for
carbonates than for siliciclastics. In the derivation, the

density effects on the reflection coefficients (e.g., RP
and RS) are ignored. This assumption may be more ad-
equate to consider for reflections within carbonate layers
rather than within siliciclastic rocks because the miner-
alogy of carbonates is more uniform. In fact, carbonates
of the same porosity but different pore structure may
give strong differences in their P- and S-velocities,
whereas their densities are equivalent. The basic concept
of the new fluid attribute is to impose a linear correlation
between the P-velocity squared versus the product of
P- and S-velocities. This assumption holds for our data,
but it should be further evaluated for other carbonate
velocity measurements.

Seismic attributes such as the fluid factor are impor-
tant tools to consider in the screening phase of seismic
exploration because they pinpoint areas in which more
sophisticated methods should be directed. For evalu-
ation of prospects in siliciclastic systems, qualitative
seismic interpretation tools based on AVO data, alterna-
tively on acoustic and elastic impedances, and rock-
physics templates, have been developed (Avseth et al.,
2005). However, the commonly used rock physics

Figure 6. Crossplot of normalized V2
P versus VPVS with the same log data as in Figure 5. Normalized VP versus VS crossplots are

inserted for better comparison. The correlation coefficients show that V2
P-VPVS for carbonates is better linearized compared with

VP versus VS. Note that the mudrock line in (a and b) is calculated by deriving VS from VP using the mudrock line and then
computing their combination as V2

P and VPVS and normalizing them.
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templates do not take into account the strong impact of
the pore structure, which is decisive for the seismic re-
sponse of carbonates. Thus, reevaluating commonly
used seismic attributes in siliciclastics for the complex
pore geometry of carbonates is a necessary step in their
seismic characterization.

Conclusion
Detection of pore fluid anomalies in subsurface

rocks from seismic data is essential in exploration for
hydrocarbons. Tools developed for siliciclastic rocks
may not work properly when they are applied to reveal
reservoir and fluid conditions from seismic data for
carbonate rocks. The main reason is related to their
highly varying pore geometry, which makes their fluid
signature within seismic data more complex to under-
stand. Often-used seismic attributes for fluid detection
are based on a linear relationship between P- and
S-velocities, which is not an adequate assumption for
carbonates.

In this study, a linear relationship between the P-
velocity squared and the product of the P- and S-wave

velocities was proposed as the background model for
designing a seismic pore fluid attribute in carbonates.
The background model could be estimated from P- and
S-wave velocity data obtained from well logs, or alterna-
tively, from rock-physics modeling. The proposed fluid
attribute was demonstrated to work for reflections
within a carbonate sequence, in which a fully water-sa-
turated layer overlays a partly gas-saturated layer. This
study also highlighted the necessity of doing lithology
prediction, before fluid prediction, as a pore fluid indica-
tor designed for siliciclastics can produce false fluid
anomalies in carbonates, and vice versa.

Data and materials availability
This paper was part of my Ph.D. thesis published in

2010 and the data are the same as in my Ph.D. thesis.
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