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Analysis of seismic anisotropy parameters for sedimentary strata

Fuyong Yan', De-Hua Han', Samik Sil?, and Xue-Lian Chen?®

ABSTRACT

Based on a large quantity of laboratory ultrasonic meas-
urement data of sedimentary rocks and using Monte Carlo
simulation and Backus averaging, we have analyzed the
layering effects on seismic anisotropy more realistically than
in previous studies. The layering effects are studied for dif-
ferent types of rocks under different saturation conditions.
If the sedimentary strata consist of only isotropic sedimen-
tary layers and are brine-saturated, the ¢ value for the effec-
tive transversely isotropic (TI) medium is usually negative.
The 6 value will increase noticeably and can be mostly pos-
itive if the sedimentary strata are gas bearing. Based on sim-
ulation results, c;3 can be determined by other TI elastic
constants for a layered medium consisting of isotropic
layers. Therefore, § can be predicted from the other Thom-
sen parameters with confidence. The theoretical expression
of 6 for an effective TI medium consisting of isotropic sedi-
mentary rocks can be simplified with excellent accuracy into
a neat form. The anisotropic properties of the interbedding
system of shales and isotropic sedimentary rocks are pri-
marily influenced by the intrinsic anisotropy of shales. There
are moderate to strong correlations among the Thomson
anisotropy parameters.

INTRODUCTION

At various scales, the earth and the subsurface are often modeled
as a layered sequence of different constituents. Sedimentary strata
are layered sedimentary rocks. Observed from the outcrops and
seismic profiles, the most prominent feature of sedimentary basins
is often their layered structure. The elastic properties of a layered
medium can be described by transverse anisotropy (Postma, 1955;
Anderson, 1961; Backus, 1962; Helbig, 1984).

At the low-frequency limit, i.e., when the wavelength is much
greater than the layer thicknesses, the effective anisotropic proper-
ties of two periodically alternating isotropic layers are described by
Postma (1955). Backus (1962) extends the model to any combina-
tion of layers with either isotropic or transversely isotropic (TI)
properties. Schoenberg and Muir (1993) further extend the Backus
model to more general cases where the constituent layers can be any
type of anisotropic media. From the wireline-logging data, the lith-
ology or acoustic property variations of the sedimentary layers are
often in a scale of decimeters, whereas the wavelength of the seis-
mic waves is usually approximately 100 m. Therefore, the effective
media through which the seismic waves propagate are usually, more
or less anisotropic. Study of the effective anisotropic properties of
the layered media is important for seismic exploration.

The importance of seismic anisotropy on seismic imaging and
seismic data interpretation is well-understood (Alkhalifah and
Tsvankin, 1995; Helbig and Thomsen, 2005), but consideration
of seismic anisotropy also puts great challenges on seismic data
processing because extra parameters are introduced. In exploration
geophysics, the seismic anisotropic properties are conveniently de-
fined by the Thomsen (1986) parameters. Based on Backus averag-
ing and Monte Carlo simulation of two- and three-layer cake
models, Berryman (1999) analyzes the relationships among the
Thomsen parameters. The study shows little indication of the cor-
relations between the anisotropy parameters except for the possible
range and sign of the parameters. The simulation results were not
very helpful for understanding the seismic anisotropic properties of
sedimentary rocks.

In Berryman’s (1999) study, the elastic parameters for the layered
model are assumed to have uniform distributions in certain ranges.
This assumption may be far from true for sedimentary rocks. In this
study, a more realistic study will be performed using similar ap-
proaches by Berryman (1999), but the Monte Carlo simulation will
be based on a large quantity of laboratory measurement data of sedi-
mentary rocks. More constituent layers with either isotropic or
transversely anisotropic properties are included to simulate the
complexity of sedimentary strata.
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MONTE CARLO SIMULATION OF SEDIMENTARY
STRATA

In terms of volume fraction and lithology, the sedimentary forma-
tions primarily consist of mudstone, carbonate, and sandstone (Grot-
zinger and Jordan, 2010). The mudstone refers to clastic rocks with
fine particles. The terms mudstone and shale are used interchangeably,
and no distinction is made between them in this study. Carbonate and
sandstone are usually very weak in elastic anisotropy and are assumed
isotropic in this study. Shales are assumed intrinsically anisotropic by
default. From the wireline logging data, the vertical lithological varia-
tions causing noticeable acoustic velocity change are often in the order
of tens of centimeters or less, whereas the velocities of seismic waves
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Figure 1. Probability densities of (a) g, (b) ﬂ%/aé, and (c) the
Thomsen parameters of the laboratory data used in this study.
In panel (c), only the Thomsen parameters of shales are shown be-
cause they are all zero for isotropic rocks.

are determined by effective properties of the formation unit with a
thickness of tens of meters. Therefore, to model the effective properties
of the sedimentary layers, it would be more realistic to use multiple
layers instead of two or three layers. For the wireline logging data,
the S-wave velocity is often less reliable than the P-wave velocity in-
formation or it is often not acquired. It is very rare that the anisotropic
parameters can be fully acquired from the wireline logging data. There-
fore, the logging data are usually not sufficient for an up-scale study.

Instead, this study is based on a large amount of laboratory ultra-
sonic measurement data of various sedimentary rocks. The sandstone
data come from Han (1986). The sandstone samples in Han’s data set
include typical sandstones coming from various places all over the
world. The samples have wide ranges of clay content and porosity.
They are measured at dry and fully brine-saturated states and at vari-
ous pressure conditions. The carbonate rocks come from Rafavich
et al. (1984), Kenter et al. (1997), Woodside et al. (1998), Assefa
et al. (2003), and Fabricius et al. (2008). The carbonate samples
in data sets by Rafavich et al. (1984), Assefa et al. (2003), and Fabri-
cious et al. (2008) are measured on dry and fully brine-saturated
states. The shale data come from Thomsen (1986), Johnston and
Christensen (1995), Vernik and Liu (1997), Jakobsen and Johansen
(2000), Wang (2002, shale and coal samples only), and Sone (2012;
Sone and Zoback 2013). The saturation conditions of shales are com-
plicated and not classified for analysis. The data points for the dry
sandstones are 420, for wet sandstones are 420; for dry carbonates
are 144, for wet carbonates are 298; and for shales are 137. Figure 1
shows the probability density functions of ay, the ratio of a3 /f3, and
the Thomsen (1986) parameters of the experimental data of different
types of sedimentary rocks. Here, a, and p, are the vertical
P- and S-wave velocities, respectively. The Thomsen parameters
(&, v, and ) are all zero for isotropic rocks, and only distributions
of the Thomsen parameters of shales are shown in Figure 1. The
dry and wet sandstones are treated as different classifications of rocks
because the effect of saturation on seismic anisotropy parameters is to
be studied. It can be seen that different classifications of rocks have
different distributions of e and the ratios of a3 /3. Most of the dis-
tributions are close to normal with different central values. The car-
bonate rocks, dry or wet, have a wider distribution of a,. The shales
have a wider distribution of a(z) / ﬂ(z) compared with other classifica-
tions of sedimentary rocks, which may be due to usually more com-
plicated mineral composition of shales. In Berryman’s (1999) study,
only isotropic layers are considered. The Monte Carlo simulations are
based on a uniform distribution of o between 2.5 and 5.5 km/s and
a uniform distribution of a3/3 between 0.12 and 0.42. From Fig-
ure 1, it can be seen that the layer property parameterization in Berry-
man’s (1999) study is not optimal for the sedimentary rocks.

In our study, sedimentary strata are simulated by first randomly
selecting a certain number of samples from a classification of rocks
or a combination of classifications of rocks, and then the experi-
mental data of the selected samples are used to parameterize the
layer cake model. The elastic properties of each layer in the layer
cake model are based on laboratory measurement, not on random
sampling in certain ranges that may lose the physical relations be-
tween the elastic parameters for the real sedimentary rocks. This is
the basic difference between our study and the study by Berryman
(1999). Considering the size of the database and the number of sim-
ulations, a 15-layer cake model is used. Compared with the two- or
three-layer cake model, the 15-layer cake model may be more
proper to simulate the complex subsurface conditions.



Downloaded 07/13/16 to 129.7.106.6. Redistribution subject to SEG license or copyright; see Terms of Use at http://library.seg.org/

Analysis of seismic anisotropy parameters D497

BACKUS AVERAGING

The effective elastic properties of a material consisting of fine
layers with isotropic or TI properties are transversely anisotropic.
Backus (1962) brings up a model to estimate the effective aniso-
tropic properties of a finely layered medium when the wavelength
is much longer than the thicknesses of the individual layers. In Voigt
notation, the five effective TI elastic constants are computed by

2 2
C13 C13 1\ —
Clip = <011 e > + <—C33> (ez)7h (D

Ciag = <z—;> (e, @

cysp = (c33)7", 3)
cap = ()™, )
coon = (Co6); ©)
P = (P), (©6)

where () is a volume averaging operator. Equation 4 is actually the
Reuss bound of ¢4y values of all the constituent layers. Equation 5 is
the Voigt bound of the ¢4 values of all the constituent layers. The
subscript B in this study denotes that the effective property is esti-
mated by the Backus averaging model. The Backus model is re-
duced to the Postma (1955) model when a material consists of
only two periodically alternating isotropic layers. The Schoenberg
and Muir (1989) model extended to the Backus model to a layered
medium consisting of layers with arbitrary type of anisotropy. The
Backus averaging model is sufficient for this study because only
isotropic or TI layers are considered.

LAYERING EFFECT ON SEISMIC ANISOTROPY IN
SEDIMENTARY STRATA OF A SINGLE
LITHOLOGY

Due to mild depositional environment changes, for the same type
of rocks, the mineral composition and texture variation may also
cause noticeable acoustic velocity change. The layering effect on seis-
mic anisotropy may be different for different classifications of rocks.
The effects are studied by Monte Carlo simulation and Backus aver-
aging. First, 15 samples are randomly selected from the experimental
database for one of the five classifications of sedimentary rocks, and
the corresponding experimental data are used to parameterize the 15-
layer cake model. Backus averaging is applied to estimate the effec-
tive anisotropic properties of the sedimentary strata. For simplicity,
each layer has the same thickness. Variation of the layer thickness
is actually simulated even if an equal layer thickness model is used,

because a sample can be repeatedly selected and samples with similar
properties may be selected. The order of parameterization of the 15-
layer cake model does not matter because the Backus averaging
model is used to compute the effective properties. For each classifi-
cation of rocks, 5000 simulations are run.

Figures 2, 3, and 4 show the simulation results of the layering
effect on seismic anisotropy. In Figure 2, for all the classifications
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Figure 2. Crossplot between & and f3/a3. The & and f3 /a3 are
computed from the Backus averaging of a 15-layer cake model ran-
domly parameterized by the laboratory measurement data. Each
cloud of points is from 5000 simulations. For the gray data points,
the shale layer is assumed isotropic with the vertical properties.
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Figure 3. Crossplot between € and . The € and § are computed
from Backus averaging of a 15-layer cake model randomly parame-
terized by the laboratory measurement data. Each cloud of points is
from 5000 simulations.
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of rocks, the ratio 3 /33 has a noticeable effect on the & value. Here,
the gray data points are for the stratified shale formation with each
layer assumed isotropic with the vertical properties. For the layered
model of wet sandstones, wet carbonates, or isotropy-assumed
shales, the & values are usually negative. After considering the in-
trinsic anisotropic properties of the shale layers, the ¢ values are
usually positive. The acoustic properties of gas-bearing rocks
should be between the wet and dry rocks, but they should generally
be closer to the dry rocks if the gas saturation is not too low. There-
fore, gas saturation has an effect of increasing the 6 value. Figure 3
shows the correlation between € and § for the five classifications of
sedimentary rocks. It can be seen that for the wet sandstone and wet
carbonate layers, ¢ is inversely correlated with J, whereas for the dry
carbonate rocks and shales, ¢ is positively correlated with 6. Quite
different from Berryman’s (1999) study, negative values of & are not
observed from 25,000 simulations. It is generally observed and ac-
cepted that the seismic velocity is greater along the bedding than in
the perpendicular direction if the effect of fractures is not consid-
ered. Therefore, the simulation results in this study seem to be more
realistic.

Figure 4 shows the correlation between ¢ and y. The relations
between the P- and S-wave anisotropies are different for different
classifications of sedimentary rocks. Generally, the S-wave
anisotropy is stronger than the P-wave anisotropy except for the
gas-bearing carbonate layers. The ratio of S- to P-wave anisotropies
will decrease due to the gas saturation effect. The ranges of P- and
S-wave anisotropies for carbonate layers are greater than the sand-
stone layers simply because the experimental data for the carbonate
rocks have wider distributions of acoustic properties, as can be seen
from Figure 1. Comparing the correlations in Figures 2—4, the cor-
relation between ¢ and y is the strongest, especially for the isotropic
layers of same lithology.

The rock samples for the experimental database come from dif-
ferent geologic units and depths; variation of the acoustic properties
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Figure 4. Crossplot between ¢ and y. The ¢ and y are computed
from Backus averaging of a 15-layer cake model randomly parame-
terized by the laboratory measurement data. Each cloud of points is
from 5000 simulations.

shown in Figure 1 should be much stronger than the real subsurface
scenarios when the sedimentary strata in a certain depth interval are
considered. Therefore, for the real sedimentary strata, the layering
effect on seismic anisotropy should be less significant than the sim-
ulation results, but the relationship between the P- and S-wave
anisotropies should still be true for different classifications of rocks.
The simulation results are constrained by the distributions of the
elastic properties of the laboratory database. The relationships
may vary slightly for different areas.

PREDICTION OF 6 FOR SEDIMENTARY STRATA
CONSISTING OF ISOTROPIC LAYERS

At the low-frequency limit, the layered media can be treated as a
TI medium defined by five elastic constants: ¢y, ¢33, C44, Cgg, and
c13. The physical meanings of cqy, ¢33, €44, and cgg are straightfor-
ward, and they can usually be reliably determined. The physical
meaning of ¢;3 is not obvious, and there are often significant un-
certainties in the laboratory determination of cy3 (Yan et al., 2012,
2013, 2014, 2015). Relations between the anisotropy parameters
may be important for practical applications of seismic anisotropy.
Therefore, it may be useful to find the correlations between c¢3 and
other TI elastic constants.

Based on previous simulation results, Figure 5 shows the corre-
lation between c 5 and other TI elastic constants. It can be seen that
cy3 can almost perfectly be predicted by other TI elastic constants.
The correlation formula is

Ci13p— —0.048+0.480113 +O.46C33B —0.536'443 - 1'27C66B'
(7

The elastic constants are all in GPa, and the regression coefficient is
0.999 based on 20,000 simulations. Considering the different elastic
properties between sandstone and carbonate, dry and wet rocks, the
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Figure 5. Relation between c3 and other TI elastic constants based
on Backus averaging of a randomly selected 15-layer cake model.
The 5000 simulations are run for each type of rocks.
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high-degree correlation is not expected. This means that the elastic
properties of a TI medium consisting of isotropic layers can be de-
termined by four independent elastic constants (and not five as for a
general TI medium). This is similar to the case of TI anisotropy
caused by horizontal cracks (Gueguen et al., 2011).

Compared with the ;3 values of common sedimentary rocks, the
constant term in equation 7 is negligible. After dropping the con-
stant term, using definitions of the Thomsen parameters, equation 7
can be converted to

—(1=r2)% +(0.455+0.46672 +0.479(1 +2¢5) —1.26772 (1 +275))?
2(1-r3) ’

®)

5=

where r is the ratio of /.

Figure 6 shows a comparison between 6 computed by the Backus
averaging and § predicted by equation 8. The result is consistent
with the previous study that § can be predicted from the other
Thomsen parameters (Yan et al., 2015).

It should be emphasized that equation 8 only works for sedimen-
tary strata consisting of isotropic layers. As shown in Figure 7, if
shale layers with intrinsic anisotropy are mixed up with isotropic
layers, equation 8 will not work and will usually underestimate 6.

APPROXIMATION OF 6 FOR SEDIMENTARY
STRATA CONSISTING OF ISOTROPIC LAYERS

The Thomsen parameter J is important for seismic data process-
ing because it determines the relation between the vertical interval
velocity and the NMO velocity. As Thomsen (1986) describes, & is
an “awkward” combination of the TI elastic constants and its physi-
cal meaning is ambiguous. From study of the Backus averaging of
two and three isotropic layers, Berryman (1999) finds that
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Figure 6. Prediction of § from the other Thomsen parameters based
on Backus averaging of randomly selected 15-layer cake model.
The 5000 simulations are run for each type of rocks.

Sign(8) = Sign <<a52> - <ﬁaz><ﬁ§>). 9

0

It would be nicer to rewrite the above equation in the following
form:

Sign(85) — Sign(ézgzi - <§—§>> (10)

In this study, further exploration is made on the sign and the physi-
cal meaning of §. From the definition of &,

(c13p + caap)® — (¢33 — Casp)?

2c33p(C335 — Caap)

op = 1)

Substituting equations 2—4 into the above equation and making fur-
ther algebraic manipulations, we have

(ca)™ <C44>> - <%>
o =2 ———-(— —_ 12
’ (<C3_31>_1 3/ /)1l 12)

[

~1 is the Reuss bound of c44 values and {c33)~! is the

Here, (c3})

Reuss bound of the c3; values. The ratio of {cz})~! to {c33)~!
should be less than one. It is obvious that the rightmost term in
the above equation should always be positive for natural rocks;

therefore,
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Figure 7. Prediction of 6 from the other Thomsen parameters based
on Backus averaging of a 15-layer cake model. The elastic proper-
ties of the 15-layer cake model are randomly selected from mixture
of dry and wet sandstones, dry and wet carbonates and shale, and
each classification of rocks has 20% chance to be selected. The
value of ¢ is predicted using equation 8.
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. . (c)™! Cy4
Sign(8p) = Sign ((c‘l)‘l - <c>> (13)

33 33
Equation 13 is a more accurate expression than equation 10 because
there is no assumption of constant densities. The sign of J is deter-
mined by the difference between two types of c44/c33 ratios com-
puted by different approaches: one approach is to calculate the ratio
of the Reuss bound of ¢4 to the Reuss bound of c33. The other
approach is to calculate the Voigt bound of the cyy/c33 ratios of

the constituent layers.

From Monte Carlo simulation of sedimentary strata consisting of
isotropic layers, as shown in Figure 8, the ratio of (1 — (c44/c33)) to
(1= [{czd)™1/[{e38)™1) is generally very close to one. Therefore,
for sedimentary strata consisting of isotropic layers, equation 12 can
be simplified into

)

Figure 9 shows a comparison between & calculated by the Backus
averaging and & approximated by equation 14 based on Monte
Carlo simulation of sedimentary strata consisting of isotropic layers.
The difference between the theoretical § and the approximated &
values is only noticeable at extremely low and high & values.

LAYERING EFFECT ON SEISMIC ANISOTROPY
FOR SEDIMENTARY STRATA OF MIXED
LITHOLOGIES

Except for mild acoustic property change caused by the mineral
composition and texture variation for the same type of sedimentary
rocks, stronger acoustic property change in a sedimentary formation
can be caused by a drastic depositional environment change leading
to a lithology change. For example, the interbedding of shales with
sandstones and interbedding of shales with carbonate rocks are
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Figure 8. Distribution of (1 —{cy/c33))/(1 = (i)™ /{c3i)™h)
from a 15-layer cake model randomly selected from the laboratory
data of dry or wet sandstones and dry or wet carbonates. Totally
5000 simulations are run.

often-occurring geologic scenarios. To model the interbedding ef-
fect on seismic anisotropy, the 15-layer cake model is randomly
parameterized by the experimental database of shales and one clas-
sification of the isotropic rocks. Figure 10 shows an example of
Monte Carlo simulation of the sedimentary strata consisting of shale
and dry sandstone layers. There are 30 realizations of the 15-layer
cake model. Some realizations may have more shale layers and
some realizations may have more sandstone layers, but each layer
has an equal chance to be shale or the dry sandstone layer. When
lithology for each layer is determined, a sample from the corre-
sponding experimental database is randomly selected to parameter-
ize the layer properties. For each combination of shale with the
other classification of isotropic rocks, 5000 simulations are run.

0.10 —
7
2 005
=
©
g y=—0.0005+0.996x
» R%=0.999
2 0 :
[§]
©
o
>
o)
L)
-0.05
7z
-0.10 -0.05 0 0.05 0.10

ean--1
2 (—< a4 1> 1—<c4—4)>
(c3z™')™' c33
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based on a 15-layer cake model randomly selected from the labo-
ratory data of dry or wet sandstone and dry or wet carbonate. To-
tally, 5000 simulations are run.

e

Figure 10. Monte Carlo simulation of the random interbedding be-
tween shales (black) and dry sandstone (gray) layers. Each column
represents one of the 30 realizations of the 15-layer cake model.
Each layer has same thickness and an equal chance to be shales
or dry sandstone layer. The elastic properties of the constituent
layers of the same lithology are randomly selected from the corre-
sponding experimental database, and they are usually different from
each other.
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Figures 11, 12, and 13 show the simulation results of the inter-
bedding effect on seismic anisotropy parameters. Comparing Fig-
ures 2—4 with Figures 11-13, if we know the layering effect on
seismic anisotropy for each classification of the sedimentary rocks,
the interbedding effect by two classifications of sedimentary rocks
on seismic anisotropy is generally predictable. In Figure 11, when
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Figure 11. Crossplot between § and f83/a3. The § and f3/a} are
computed from Backus averaging of a 15-layer cake model ran-
domly parameterized by the laboratory measurement data. Each
cloud of points is from 5000 simulations. Different colors represent
mixtures of shale with different classifications of rocks.
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Figure 12. Crossplot between € and 6. The ¢ and § are computed
from Backus averaging of a 15-layer cake model randomly parame-
terized by the laboratory measurement data. Each cloud of points is
from 5000 simulations. Different colors represent mixture of shale
with different classifications of rocks.

the intrinsic anisotropy of shales is considered, the § values are
mostly positive. In Figure 12, generally, there is a fair correlation
between ¢ and 4. It can be seen from Figure 13 that there is a good
correlation between ¢ and y. Shales are a type of rock with com-
plicated mineral composition including clay minerals, quartz and
carbonate, and organic materials. The distributions of the aniso-
tropic parameters of the interbedding systems are closer to those
of shales than the isotropic layers; therefore, the anisotropic proper-
ties of the interbedding system are primarily influenced by the in-
trinsic anisotropy of shale layers. The interbedding effect on seismic
anisotropy is in general consistent with the laboratory studies on
shales (Sayers, 2005; Sondergeld and Chandra, 2011). Because
the Monte Carlo simulation is based on the experimental data of
real sedimentary rocks, the simulation results on the relationships
among the seismic anisotropy parameters are quite different from
those from Berryman’s (1999) study.

DISCUSSION

The Postma model can be treated as a special part of the Backus
(1962) model, and the Schoenberg and Muir (1993) model is an
extension of the Backus model. All these stress-strain average mod-
els for layered media assume infinitely fine layers and a “welded
contact” between the layers (Schoenberg and Muir, 1989). For a
two-layer medium consisting of two isotropic layers, if the two
layers have drastically different elastic properties, it may not be
proper to apply the above stress-strain average models because aver-
aging of stresses or strains of the two layers may violate the rigid
boundary assumption.

Many negative values of ¢ are found in Berryman’s (1999) sim-
ulation study. The physical meaning of negative ¢ is that the seismic
velocity is slower in direction along the bedding than perpendicular
to the bedding. This is in contradiction to common sense, but it is
theoretically possible. Let us consider a two-layer cake model: The
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Figure 13. Crossplot between € and y. The ¢ and y are computed
from Backus averaging of a 15-layer cake model randomly parame-
terized by the laboratory measurement data. Each cloud of points is
from 5000 simulations. Different colors represent mixture of shales
with different classifications of isotropic rocks.
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volume fraction of layer 1 is f;y, and the volume fraction of layer 2
is 1 — f1y; the two layers have equal c33, but different c44 (c441 for
layer 1 and cy4, for layer 2). According to Backus averaging, we
have

4 - 2(1 -
Clip = C33 — (0441 6’4426) ( flV)flV’ (15)
33

C33p = C33. (16)

It is obvious from the above equations that as long as the two
layers do not have equal c44, then cj1p < ¢33 and the effective
e will be negative. We analyze that negative & rarely exists for
the sedimentary strata because there is usually a positive correlation
between ¢33 and cyy, i.€., the vertical P- and S-wave velocities. From
our simulations study, when the number of layers is more than five,
the probability of negative ¢ is close to zero. More studies may be
needed to understand the applicability of these stress-strain average
models.

CONCLUSION

Based on Backus averaging and Monte Carlo simulation, it is
found that the § value for the sedimentary strata consisting of iso-
tropic wet sandstones or carbonates is usually negative and the gas-
bearing thin beds have the effect of increasing the § value. When
intrinsic anisotropy of shales is considered, the § value is usually
positive. For sedimentary strata consisting of isotropic layers, the
TI elastic constant cq3 can be determined by other TI elastic con-
stants and § can be predicted from the other Thomsen parameters
with good confidence. A simplified expression of § with clear
physical meaning is derived for the effective TI medium consisting
of isotropic layers. The anisotropic properties of the interbedding
system of shales and isotropic sedimentary rocks are primarily in-
fluenced by the intrinsic anisotropy of shales. There are moderate to
strong correlations among the Thomson anisotropy parameters.
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