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Prestack simultaneous inversion for delineation of the Lower Wilcox
erosional remnant sandstone beneath the Texas Gulf Coastal Plain:
A case study

Tianze Zhang', Yani Lin', Kelly H. Liu?, and Stephen S. Gao?

Abstract

The Lower Wilcox lowstand sand deposits encased between two sequence boundaries along the Texas Gulf
Coastal Plain are of good reservoir quality and usually gas productive. However, the sedimentation is sparsely
scattered within such a depositional environment and it is hard to predict by qualitative interpretation methods.
Simultaneous inversion of elastic parameters such as P-impedance, S-impedance, and density by the integration
of prestack data and well logs allows us to quantitatively characterize the reservoirs and to distinguish them
from the surrounding rocks. We have used prestack simultaneous inversion of the elastic parameters for delin-
eation of the gas reservoir in an active field with limited log availabilities. For wells that are missing sonic and
density logs, we estimate the parameters using the time-average equation (TAE) and Gardner’s equation, re-
spectively. The shear wave velocity estimation methods are tested and compared using the measured log value.
The estimation results are verified using well-log correlations in adjacent wells. Rock-physics analyses on wells
are conducted to find the optimal elastic parameters for characterizing the gas-bearing sand. We successfully
delineate the reservoir using the crossplot of Vp/Vs versus S-impedance values. The inversion results are quality
controlled by a producing well in the reservoir zone, and probability maps of each lithology are calculated by the
probability density function. Our results from the Lower Wilcox Formation indicate that simultaneous inversion
based on the estimated parameters using TAE is feasible, and the gas-bearing reservoirs can be recommended
with high confidence.

Introduction

The late Paleocene Lower Wilcox Group is part of
the thick sandstone/shale Wilcox sequence along the
Texas Gulf Coast (Debout et al., 1982). It is mainly char-
acterized as fluvial and deltaic deposits prograded over
the mid-Cretaceous carbonate shelf margin with a high
sedimentation rate (Winker, 1982; Galloway et al., 2011;
Olariu and Zeng, 2017). The prograding Rockdale dep-
ositional system and abundant source supply provide
favorable environments for hydrocarbon generation
and preservation (Fisher and McGowen, 1969; Mackey
et al., 2012; Zeng et al., 2016) (Figure 1).

The submarine canyon associated with the conti-
nental margin failure initiated with retrogressive slump-
ing of delta-front deposits and ended with backfilling
(Galloway et al., 1991). During the evolution of the can-
yon, sidewall slumps and sediments brought by the
hyperpycnal process formed the diverse depositional
facies in the canyon fill. Among all, the lower canyon

sandstone facies associated with slumps and turbidites
covered with backfilling mudstone are usually produc-
tive, but this is hard to predict without high-resolution
3D seismic data (Galloway and McGilvery, 1995).
Various seismic interpretation techniques have been
extensively used in the Texas Gulf Coast area for stra-
tigraphy and depositional system studies (Fisher and
McGowen, 1969; Debout et al., 1982; Hargis, 1986; Gallo-
way et al., 2000; Hargis, 2009; Olariu and Ambrose, 2016;
Zeng et al., 2016; Olariu and Zeng, 2017) and structural
and seismic facies analyses (Allen and Howell, 1987,
McDonnell et al., 2008; Egedahl et al., 2012; Enomoto,
2014). Most of the results are based on poststack seis-
mic attribute analyses, and the low confidence level of
the results can hardly make them accurately trace the
target with high confidence. Only a few studies sought
to apply quantitative interpretation methods based on
rock-physics analysis and seismic inversion (Wagner
et al.,, 2012; Sarkar et al., 2016). Possible reasons for the
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limited application of quantitative interpretation meth-
ods include (1) prestack data acquisition is not profit-
able, (2) the facies and structure are usually estimated
through well-log analysis, (3) insufficient log availability
impedes the use of a more accurate quantitative method
such as prestack seismic inversion, and (4) there are
limited publications due to data confidentiality.

The simultaneous inversion process applied in this
study inverts the prestack seismic data into different
elastic volumes and reduces the interpretation ambi-
guity caused by solely inverting for the P-impedance
volume (Hampson et al., 2005; Russell and Hampson,
2006). By quantifying the properties of the reservoir
using well-log analysis, we can delineate and quantify
the risk of the gas-bearing sandstone area with high
confidence. A successful inversion process requires a
comprehensive set of log types, especially the density
and velocity information, for accurate seismic-to-well
correlation and elastic parameter calculation. However,
those logs are not always available; hence, wisely
choosing and verifying the log estimation method is
crucial for the inversion results.

This study focuses on the interchannel erosional
remnant sand reservoir within the canyon fill (Figure 2).
The objective is to test the log estimation method in the
Lower Wilcox Formation and to explore the feasibility
of accurately performing the prestack inversion method
in the reservoir field that lacks essential velocity and
density information. We use a data set acquired from an
active field that contains a 3D seismic survey and well
logs. For wells missing the P-wave velocity and den-
sity, we estimate these values using the time-average
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Figure 1. Location of the Texas Gulf Coast (modified from
Olariu and Zeng, 2017). The study area is indicated by the
red rectangle.
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equation (TAE) and lithology specific Gardner’s equa-
tion, respectively. The estimation results are tested
and verified on two testing wells before applying the
method to other wells for the inversion. A clear separa-
tion of the pay sand section from the background trend
is observed in the well-log analysis, and the results are
used to quantify the properties of the reservoir and later
describe the reservoir extent using the inverted results.
The accuracy of the results is examined by a producing
well drilled in the field. Besides, the probability density
function allows us to calculate the probability for each
lithology and quantify the risk of the predicted area. The
promising results from this study suggest that the same
workflow and method can be applied to similar regions
in the Lower Wilcox Formation.

Data and method
Seismic and well data

A 3D prestack seismic data set that covers an area
of 9.3 square miles and logs from eight wells are used
in the inversion process (Figure 3). The seismic survey
contains 166 inlines and 261 crosslines with offset rang-
ing from 1000 to 19,000 ft. The main frequency ranges
from 10 to 40 Hz, with a dominant frequency of approx-
imately 28 Hz. Preconditioning of the prestack seismic
data is essential to obtain reliable inversion results
(Zhang et al., 2014); thus, the data set is processed
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Figure 2. Stratigraphy of the Lower Wilcox Formation and
well logs of well-3. The light-green color in the Lower Wilcox
A shows the submarine canyon fill. The smaller values in the
Vinae column are in yellow and correspond to sandstone, and
the larger values are in blue and correspond to shale.
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by normal moveout procedure and muted to increase
the signal-to-noise ratio by reducing the noise from dis-
tant common-depth-point gathers. The preprocessed
data set is transformed into angle gathers for further
inversion processing.
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Figure 3. Basemap showing the seismic and well locations.
The dashed blue line displays the location of the arbitrary
line A-A'.

Six of the eight wells are located within the survey
area. Two producing wells (well-3 and well-4) that pen-
etrate the same pay sand interval with greater than 80 ft
thickness are used for rock-physics and inversion analy-
ses of the sandstone reservoir. Three dry wells (well-1,
well-2, and well-6) provide constraints on the inversion
process, and a producing well (well-5) is used to test
the accuracy of the results. The log type for wells within
the seismic survey is limited: Only gamma ray, sponta-
neous, resistivity, and conductivity logs are available
(Figure 4), whereas the essential logs for the inversion
process include density, sonic, and shear wave velocity
logs. Although there are numerous empirical equations
that describe the relations between resistivity, velocity,
and density, choosing inappropriate relations can sig-
nificantly affect the credibility of the inversion results.
In this study, the performance of the density and veloc-
ity estimation method is tested using two wells (T-1 and
T-2), which contain full log types and are located adja-
cent to the seismic survey.

Key log estimation

Sonic and density logs are the most crucial data for
seismic-to-well tie and prestack inversion. Because
both logs are missing from the wells within the seismic
area, in this study, we estimate the P-wave velocity from
resistivity logs first, and then we calculate the density
log from the velocity estimation.
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Figure 4. Example logs used in the velocity and density estimation and a comparison between the estimated (blue) and calculated
logs (red). The areas in cyan are the zones with significant errors using Faust’s estimation. The calculated errors are the absolute
values of the relative errors to the original logs and are significantly reduced in the TAE estimation. The shale volume (Vg.) log is
calculated by the gamma-ray and resistivity (ILD) logs. (a) Well T-1 and (b) well T-2.
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Empirical equations such as Faust’s equation de-
scribe the relationship between the P-wave velocity
and resistivity, but the estimation results are usually
unstable and cannot be applied in areas with different
lithology conditions such as the Lower Wilcox Forma-
tion, which is dominantly composed of sandstone and
mudstone. This study uses TAE to estimate the sonic
log from resistivity log. TAE takes the lithology differ-
ence and formation porosity into account, and quanti-
fies its effectiveness in comparison with other empirical
equations (Adcock, 1993). TAE for the two-lithology
matrix form is given by

AT = ATpfg + [ATaf o + ATsa(1 = f)|(1 = fR). (1)

where ATp, AT, and AT, are the sonic travel times
for fluid, shale, and sand, respectively. The fractional
shale volume (f,) is calculated by the gamma-ray log.
The fractional porosity (fy) is calculated by Archie’s
equation, which assumes that the sand is fully saturated
with water, using

Jr = (aR,/SRt)'™, €)

where the constants a, n, and m are 0.81, 2, and 1, re-
spectively. The R,, values are estimated from the mud
filtrate and drill mud resistivity acquired from log head-
ing. The R,, value for the two producing wells is 0.035 Q-
m for well-3 and 0.03 Q-m for well-4. The water satura-
tion value is estimated at 20% for the gas-bearing zone,
which is the average value in the testing wells. The
gamma-ray and resistivity logs are normalized before
calculating the shale volume and porosity to reduce the
error caused by the logging devices or measurements.

Lithology-specific Gardner’s equations for the sand-
stone and shale are then used for the bulk density es-
timation, which are given by

fon <025:p, = —0.0115V3 + 0.261Vp + 1.515,  (3)

Son > 0.25:p, = —0.0261V2 + 0.373V} + 1.458.  (4)

The P-wave velocity and density estimation methods
are tested in well T-1 before being applied to the other
wells for inversion. The velocity and density values cal-
culated by TAE and Gardner’s equation are compared
with the measured values, and the P-wave estimation
results by Faust’s equation are also compared with re-
sults from TAE (Figure 4a). The results suggest that the
missing parameters are accurately estimated and that
the performance of TAE is better than Faust’s equation
with significantly lower errors. The equations with iden-
tical parameters are applied to another testing well T-2
for quality control (Figure 4b). The results demonstrate
that the errors in P-wave estimation by Faust’s equation
are greatly reduced by the TAE, and the errors in den-
sity estimation by Gardner’s equation are also in a tol-
erable range. The seismic-to-well-tie process is one of

the key steps in the interpretation workflow, and it can-
not be achieved without knowing the time-depth corre-
lation that is provided by either check-shot data or P-
wave velocity. The tying process for the testing wells
is conducted by the original logs and the estimated logs,
and the correlation quality can be visually checked by
matching the synthetic seismogram to the extracted
seismic trace. The computed seismogram using the es-
timated logs matches a major part of the seismic trace
with a similar amplitude and peak/trough waveform
pattern (Figure 5). The slight reduction in correlation
coefficients is caused by the dissimilarity of amplitude
in a few locations. The overall good correlations in the
test wells indicate high accuracy in the estimation and
that the methods are qualified to be applied in the wells
for inversion.

After calculating the sonic and density logs, seismic-
to-well-tie process is conducted for all of the wells to
match the well-log information to the seismic, guided
by the interpreted horizons. Figure 6 shows log corre-
lation results from the two producing wells in the study
area. A 28 Hz Ricker wavelet with a 100 ms time length
is used. The correlation coefficient within the Lower
Wilcox Formation is 0.419 for well-3 and 0.436 for
well-4. The values are acceptable considering that the
wells containing both logs only have correlation coeffi-
cients ranging from 0.5 to 0.6 for well T-1 and T-2 in the
nearby field. The good match in waveform patterns and
amplitude between synthetic seismogram and seismic
trace represents a good estimation on the density
and velocity logs for the Lower Wilcox Formation.

The shear wave velocity (Vs) is another key compo-
nent in seismic inversion. We test and compare various
Vs estimation methods in well T-2, which is the only
well that contains shear-wave measurements. The
water-saturated Vp-Vs relation based on clay content
(Han et al., 1986) is given by

S < 0.25:Vg = 0.754Vp — 0.657, 5)

San > 0.25:Vg = 0.842Vp — 1.099. ()

For the gas-saturated zone, we applied Krief’s equa-
tion (Krief et al., 1990), which is given by

[V —0.902
Vs = 2282 ™

Rock-physics analysis

Rock-physics analysis is performed on wells to find
the optimal elastic parameters to characterize the res-
ervoir. For this purpose, we crossplot the S-impedance
with Vp/Vg ratio in the Lower Wilcox Formation to char-
acterize the reservoir (Figure 7a). The analysis of data
points from five wells shows a distinct separation
between two clusters of data, a cluster on the left side

El
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with a low Vp/Vs ratio and a slightly higher S-impedance
value, and a cluster showing the background trend of
the rest of the data. The left cluster is equivalent to
the pay sand sections in well-3 and well-4 (Figure 7b).
On the crossplot of Vp/Vs and S-impedance (Figure 7a),
the pay sand is marked by an irregularly shaped region.
The Vp/Vs values in the region range from 1.55 to 1.65,
and the S-impedance values range from 12,500 to 21,500
(ft/s)*(g/cm®). The crossplot shows that both para-
meters should be used to characterize the reservoir,
whereas using a single parameter can cause ambiguity
in the inversion results.

Prestack simultaneous inversion

The prestack simultaneous inversion method pro-
posed by Hampson et al. (2005) derives the elastic para-
meters from the prestack PP angle gathers. The method
is based on Fatti’'s reformulation of the Zoeppritz's
equation (Fatti et al., 1994), which is given by

T(0) = A,W(0)DLp + Ay W (0)DALg + ¢sW(6)DALp,

©)]
where
_ 1 2 1 Vs\? . 2
Ve 2
+m(2 (—S> sin? § — - tan® @), ©)
Vp
_ 1 Vs 2 2
A2 = § (—8 (W) sim 9) s (10)

W (0) = wavelets dependent on incident angle 8, (11)
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Ly =In(Zp). (12)

Figure 5. A comparison of the seismic to well
tie in well T-1 and well T-2. The yellow lines
represent boundaries used to calculate the
correlation coefficients. (a) Well T-1 with the
original velocity and density, (b) well T-1 with
the estimated velocity and density, (c) well T-2
with the original velocity and density, and
(d) well T-2 with the estimated velocity and
density.
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Zp = Pimpedance. (13)

The variables k, m, ALg, and ALp can be calculated
from the following linear relations:

In(Zs) = kIn(Zp) + k, + ALg. (14)

In(p) = m In(Z,) + m, + ALp, (15)

where k and m are calculated by using the least-squares
method. In this study, the best fit £ and m are 1.48005
and 0.166301, respectively. The inversion process re-
quires a set of angle gathered traces and a group of
wavelets varied in incident angles as inputs. We convert
the conditioned prestack data to angle gathers that
range from 1 to 40°. Two angle-dependent stationary
wavelets are statistically extracted from the angle
gather volume: One has an angle range of 1°-20°, and
the other has an angle range of 21°-40° (Figure 8).
Another essential input for the inversion process is
the low-frequency geologic model, which compensates
the low-frequency component that is absent in band-
limited seismic data. In this study, we tested different
initial models including a low-frequency model. The

a)
Inline 275
Angle 13579811 15 18 23

model built with density and computed impedance of
log data was selected as an initial input to constrain
the inversion process. The sections between wells are
interpolated laterally and are guided by the interpreted
horizons. In this study, the model consists of the com-
puted Zp, Zs, the density logs of five wells, and eight
horizons traced along the layers (Figure 9).

Results and discussions
Inversion and analyses

To ensure quality, it is critical to conduct analyses for
the inversion results from real data before applying the
inversion method to the whole volume. Well-3 and well-
4 show a good correlation between the inverted and
original logs, especially for the pay sand zone, where
Vp/Vs and S-impedance show distinct values from the
surrounding layers (Figure 10). The mismatch in the
50 ms time window below top of the middle erosional
sequence (TMES) is a result of the interbedded thin
layer. Although the inverted elastic parameters in the
window may not reflect the thin layers accurately,
the general trend matches well with the computed
log values and the inversion of the pay sand zone is
not affected.
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Figure 8. Example of prestack angle-gather profiles near well-3, which focuses on the pay sand location, and wavelets extracted
from the angle-gather volume. The Angle ranges from 1° to 20° (pink), and 21° to 40° (green) in the time domain and frequency
domain: (a) Prestack angle-gather profiles. The wider angles are in the deeper formation. (b) Wavelets in the time domain and
(c) wavelets in the frequency domain.
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The simultaneous inversion algorithm is applied to
the entire data volume, as shown along the arbitrary
profile A-A' crossing all six wells (Figure 11). The res-
ervoir area is bounded by well-2 in the north and well-6
in the south. The S-impedance and V3/Vs attributes show
significant anomalies, whereas the P-impedance at-
tribute shows normal values. The significantly high
S-impedance and low V,/Vs represent a possible gas-
saturated zone, but the exact extent of the area cannot
be determined with confidence because similar anoma-
lies can also be observed in the up- and downdipping
regions as marked by the arrows in Figure 11b and 11c.

To map the reservoir area, we crossplot the inverted
Vp/Vs volume versus the inverted S-impedance volume
(Figure 12), similar to the rock-physics analysis con-
ducted on wells. The volume data show no distinctive
cluster of gas sand and background trend. An area is
selected using the range obtained from the analysis
of nearby wells (Figure 7), where the Vp/Vs ranges from
1.5 to 1.65 and the S-impedance ranges from 16,000 to
21,500 (Figure 12). The cross section provides better
isolation for the sand body than individual parameters.
Among all five wells used for the inversion, the produc-
Figure 9. The S-impedance model of a cross-

line intersecting well-3. A high value of S-
impedance is observed at the pay sand layer

tion wells, well-3 and well-4, are drilled at the predicted
reservoir location from the inversion, and the rest are
outside of the area (Figure 13). The base of the lowest
sequence boundary (BLES) is traced along the incised
canyon beneath the gas-bearing sand body (Figure 13).
The structure of the canyon shows a general dipping
direction from northwest to southeast, and the mass
transported by the distributary channels feeds the
lower section with sandy turbidites. The sandstone res-
ervoir was transported from the updip region through
the steep canyon wall, and then it was trapped at the
canyon floor (Figure 13).

The main reservoir body and an elongated area in
the northeast are analyzed in detail (Figure 14). The
thickness of the pay sand decreases from well-3 to
well-5, which is consistent with their production rates
(Figure 14a). The possible reservoir area dips from
northwest to southeast as shown in the time structure

map, following the same direction of the mass wasting
inside the canyon system (Figure 14b).

The producing well, well-5, is used for testing the ac-
curacy of the inversion result (Figure 15). The traces
from each inverted attribute volume are extracted from

between L3 and 14.
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Figure 10. Inversion analyses for well-3 and well-4. The log panels from left to right are the P-impedance, S-impedance, density,
and Vp/Vs. The original logs are in blue, and the inverted logs are in red. TMES, top of the middle erosional sequence; BLES, base of

the lower erosional sequence. (a) Well-3 and (b) well4.
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the well location and overlapped with the computed
logs. The error is calculated by subtracting the inverted
values from the computed ones. The error analysis re-
sults suggest that the parameters of the simultaneous in-
version are reliable and can be used for reservoir
characterization with confidence. The reservoir area,
which is represented by high S-impedance and low Vi/
Vs, correlates well with the pay sand zone in well-5, con-
firming the reliability of the inversion results (Figure 15).

Lithology classification

As shown in Figure 12, no distinction of the gas sand
cluster is observed in the crossplot of the inverted
attributes, which indicates that errors may exist when

[¢— 100 ms ——p]

=
~

|¢— 100 ms ———p]

c)A

l¢«—— 100 ms ——p]|

picking the cross section using the parameter from the
well analysis. The Bayesian kernel density estimation is
used to calculate the probability density for each lithol-
ogy class to reduce such error. Using data from five
wells, we classify the lithology into gas sand, wet sand,
and shale based on the criteria of resistivity and shale
volume, and birvariate kernel density estimation is ap-
plied to each class in the V;/Vs and S-impedance domain
to calculate the probability density distribution (Fig-
ure 16). The contours in different colors stand for
the probability distribution of each class. The probabil-
ity gradually decreases toward the outside of the circle.

The density function is then applied to the inverted
data volume of the Vi/Vs and S-impedance, and each

Figure 11. Inverted elastic attributes along
profile A-A'. The ellipses indicate the reservoir
zone represented by low Vp/Vs and high S-
impedance values. The arrows mark the zone
with similar anomalous values as the reser-
voir. (a) P-impedance, (b) S-impedance, and
(C) Vp/ Vs.
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class with a probability higher than 50% is displayed
(Figure 17). The possible gas-saturated area is high-
lighted with a probability higher than 90% (Figure 17a).
The water-saturated zones around well-1 and adja-
cent to well-6 correspond to the zone observed from
the inverted elastic attribute volume (Figure 11), which
shows similar anomalous values caused by the reservoir.

The extracted gas sand volume is compared with the
cross section picked from well analysis (Figure 18).

Time (ms)
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-

21000

| ™™
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Figure 12. Inverted S-impedance versus Vi/Vs values.

Figure 13. Inverted gas-bearing sand and the  a)
incised canyon boundary. The dashed arrows
represent the location of submarine distribu-
tary channels that transport the mass into
the middle canyon area. (a) Plane view and

(b) 3D view.

Figure 14. Plane view of the isolated pay )
sand area. (a) Isopach map and (b) structure \
map.

Most of the area is overlapped with a probability that
is higher than 90%. This demonstrates the high accuracy
of the inversion results and suggests that other potential
gas prospects can be identified with high confidence.
The elongated region on the northeast with high gas
sand probability of the study area is a highly recom-
mended area for future exploration, which has moder-
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Figure 16. Density map of each lithology class calculated by
the kernel density estimation.
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Figure 15. Inversion quality control with

a)
well-5 along A-A', by overlapping the com-
puted logs (blue) with the inverted values
(red). (a) P-impedance, (b) S-impedance, and
(c) Vp/Vs ratio.
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Figure 17. Probability map of each lithology a) A — _ _ _ _ ] A
class. (a) Gas sand, (b) wet sand, and - ) i#3 4 5#5 |#6
(c) shale. - = =i (i MY 1 .
- I'_ E E '-= —r‘l'-'...gl— [ W .
| etk Eo A PR
I =
F i i

Lithology Class
- Gas sand
- Wet sand

Shale

l¢«——175ms ——p

Probability

! High

*

Gas bearing sandstone

b) A

l«———175ms ———p|

. C - 4 Probability
Lithology Class o _‘_ !High
- Gas sand e - 1
I Wet sand - Water bearmg sandstone 3 P et
F - i — heit [
 §
c) A A
- . . ‘ ‘.-

- Gas sand
- Wet sand

Shale

J«<———— 175ms ———p|

- . :“:
R

Lithology Class |* .

ate thickness and the same dipping direction as the
main body.

Importance of simultaneous inversion

Isolation is one of the major characteristics of the
interchannel sandstone reservoir in the study area.
As a result, the extent of the reservoir is limited, and
even a tight well placement can miss the prospect (e.
g., well-2 and well-6). Determination of the location
of a prospective reservoir can be misled in traditional
acoustic inversion of Zp alone. As indicated in this
study, well-1 and well-6 were drilled in areas with sim-
ilar P-impedance, S-impedance, and Vy/Vs values in the
up- and downdip regions of the reservoir (Figure 11),

T1002 Interpretation / Nevember 2020

which indicate water-saturated sandstones based on
the inversion parameters (Figure 17b). Simultaneous
prestack inversion of various elastic attributes can pro-
vide additional constraints to hydrocarbon exploration
and lithology classification. Accurate quantitative seis-
mic analysis using multiple elastic parameters is neces-
sary to predict the distribution and geometry of the
reservoir. This study demonstrates that even in areas
with sparse well control and limited log availability,
the prestack inversion procedure presented here can
still produce reliable results. The errors in the estima-
tion process can be restricted in a small range by prop-
erly choosing the estimation method and testing its
effectiveness in the local field.
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Figure 18. Top view of the gas sand probability map and comparison with the estimated result from Figure 12. (a) Gas sand
probability and (b) estimated sand body overlapped with probability.

Conclusion

This study applies prestack seismic inversion using
the estimated velocity and density logs to an active field
beneath the Texas Gulf Coastal Plain with a focus on
the Lower Wilcox gas-bearing sand formation. The
analyses indicate that the TAE can provide a better es-
timation on velocity than the empirical Faust's equation
in the Lower Wilcox Formation. The calculated velocity
is used to estimate the density by Gardner’s equation and
to accurately conduct the seismic-to-well-tie process.
The simultaneous inversion results using the estimated
values are accurate, and the quality is tested by a produc-
ing well. Based on the probability density function, the
probability of each lithology is calculated with high con-
fidence. The reservoir area is delineated, and the mor-
phology is indicated by the inverted volumes. The
study suggests that the estimated velocity and density
using the time average and Gardener’s equations are ac-
curate for the Lower Wilcox Formation and that the seis-
mic inversion results based on the estimated parameters
are reliable. The same workflow and approach can be
applied to other fields similar to the Lower Wilcox For-
mation for hydrocarbon exploration and depositional fa-
cies recognition and delineation.
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