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Abstract

Petrophysical characterization of reservoirs is crucial for the accurate assessment of their properties. The discovery
of large hydrocarbon accumulations in the pre-salt coquinas of the Santos Basin has motivated research in
accessible analogues, such as the coquinas of the Morro do Chaves Formation in the SE-AL Basin. This study
employs geophysical inversion methods to model and predict petrophysical parameters, using well log data and
laboratory data from well 2-SMC-02-AL, drilled in the Atol Quarry, in S&o Miguel dos Campos, Alagoas. The
main objective was to estimate a continuous porosity profile well correlated with the porosity measured in the
laboratory. To achieve this, the observed density data were adjusted to the total density of the samples. Using the
Markov Chain Monte Carlo (MCMC) method, we determined the coefficients of the Gardner equation (1974) - a,
b, ¢ - which allowed us to generate a continuous density profile (pcaranerrit) @and subsequently a porosity profile
(PhiEpenriT). The equations of Raymer et al. (1980) and Wyllie et al. (1956) were employed as alternative methods
to estimate porosity profiles from the sonic log. The resulting porosity profiles were correlated with laboratory
data (Phi_ag), demonstrating that PhiEpeneir provided the best fit. The results demonstrate the effectiveness of the
MCMC method combined with the Gardner equation for predicting petrophysical properties, validating it as an
interesting approach when essential curves for the characterization of complex carbonate reservoirs are absent.
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1 Introduction

The discovery of hydrocarbon accumulations in pre-salt coquinas has made these rocks important exploration
targets in the Santos Basin. Several studies have been conducted on analogs to understand the complex porous
system of carbonate rocks [1-4]. The hybrid coquinas of the Morro do Chaves Formation (Fm.) in the SE-AL Basin
are considered analogous to the coquina reservoirs of the Campos and Santos Basins due to lithological similarities
and depositional context. Investigating these rocks provides valuable insights and contributes to developing new
methodologies for carbonate rock characterization, especially considering the high costs and challenges associated
with pre-salt exploration.

The absence of essential well logs in the study area makes the precise estimation of porosity at depth, and
consequently, the characterization of hybrid carbonate rocks, challenging. Modeling and inversion techniques
emerge as alternatives to estimating petrophysical properties, such as density and porosity, by integrating
laboratory and well-log data. Over the past 30 years, various inversion approaches have been used to calculate
petrophysical parameters, with the development of nonlinear inversion algorithms for more accurate interpretation
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Formation

[5,6]. As presented by Tarantola and Valette [7], Bayesian inversion provides model parameter estimates from a
statistical perspective leveraging prior information and dealing with multiple local minima, applicable to many
geophysical problems [eg. 8,9]. The MCMC method is efficient for characterizing the posterior probability
distribution in complex and high-dimensional model spaces.

Therefore, this work aims to estimate a continuous porosity profile at depth, correlating it with the porosity
data measured in plugs during laboratory analysis. For this purpose, MCMC simulations were applied to estimate
the coefficients of Gardner's Polynomial Equation [10], resulting in a satisfactory fit between the measured and
predicted density data. With the estimated density profile at depth, it will be possible to calculate a porosity profile.
Finally, the equations of Wyllie [11] and Raymer-Hunt [12] were modeled based on the sonic log to estimate two
porosity profiles, to compare which approach provides a better fit with the measured porosity. Additionally, a
statistical evaluation was performed to analyze the accuracy and effectiveness of the applied models.

2 Study area

The Sergipe-Alagoas Basin is located on the continental margin of the northeastern region of Brazil,
encompassing parts of the states of Sergipe and Alagoas. On a map, it appears elongated in the NE direction, with
a length of 350 km and a narrow width ranging from 20 to 50 km. This basin covers a total area of 44,370 km?,
with one-third being onshore and two-thirds submerged up to the 3,000 m isobath [13]. To the north, it is bounded
by the Maragogi High in the Pernambuco-Paraiba Basin, and to the south, in the onshore portion, by the Estancia
Platform in the Jacuipe Basin and by the VVaza-Barris fault system in the offshore portion [13].
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Figure 1. a) Location of the Alagoas Sub-Basin in northeastern Brazil showing the S&o Miguel dos Campos platform in detail.
b) Geological map of Upper Cretaceous of Alagoas Sub-Basin (Modified from [14]).

In this study, we are interested in the coquinas of the Morro do Chaves Fm. (Barremian - Aptian) outcropping
in the Atol Quarry region, located in S8o Miguel dos Campos, Alagoas (Fig. 1). The Morro do Chaves Formation
is characterized by intercalated coquinas with laminates, sandstones, and conglomerates [15]. The intercalation of
these carbonate and siliciclastic rocks reflects variations in environmental and climatic conditions over geological
time. This occurrence of hybrid rocks significantly influences porosity and permeability, resulting in greater
heterogeneity. Coquinas are carbonate rocks composed wholly or partly of transported shells and shell fragments
[16], or any accumulation of skeletal remains [17], containing up to 50% terrigenous matrix [18]. The coquinas
interval of the Morro do Chaves Fm. is considered a potential analog to the coquinas found in pre-salt reservoirs
[19], due to their lithological similarity and depositional timeframe [20]. Therefore, various studies utilize these
rocks to enhance understanding, by analogy, of the porous system in deep-water reservoirs.

3 Methodology

The data used for the development of this research consisted of geophysical well logs and laboratory data of
rocks corresponding to the coquina interval of the Morro do Chaves Fm. These data belong to the Laboratory of
Sedimentary Geology at UFRJ (LAGESED) and originate from well 2-SMC-02-AL drilled at the Atol Quarry.
The primary objective was to estimate a continuous porosity profile at depth and correlate it with the porosity
measured in the laboratory. This enabled the recognition of porosities between intervals where plugs were
recovered for routine analyses (RCAL). Inversion using MCMC simulations was performed to estimate the
coefficients of Gardner's Polynomial Equation, producing a satisfactory fit between the observed and measured
density (Phi_ag). Subsequently, modeling was carried out to estimate porosity using the Wyllie [11], Raymer-Hunt
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[12], and Gardner [10] equations. The employed workflow consisted of six stages, as represented below.
3.1 Basic Petrophysics

Routine Core Analysis (RCAL) was performed by Solintec©, following APl RP 40 standards, to obtain
porosity, permeability, and grain density for 34 plugs from the Morro do Chaves Fm. Using the Law of Mixtures,
the total density of the rock was calculated from the weighted average of the densities of its components, such as
solid grains and pore fluid, considering their proportions. Therefore, based on the porosity (¢) values, grain density
(pgrains) of each sample, and assuming the fluid density (psuid = 1.03 g/cm?), the total density (protar) Was estimated
using eq. (1).

Ptotar = pgrains(1 - ¢) + pfluid¢ (1)
3.2 Data selection, loading, and quality control

Well logs such as depth (DEPTH), caliper (CALI), gamma rays (GR), spontaneous potential (SP),
compressional sonic transit time (BHC), total porosity (PhiT), and effective porosity (PhiE), as well as rock data
such as grain density (pgrains), laboratory porosity (Phi_ag), and estimated total density (potal), Were loaded into the
Interactive Petrophysics (Geoactive) software.

Using the inverse of the transit time log, it was possible to obtain a P-wave velocity (Vp) profile through eq.
(2). The transit time curves are in ps/ft. Therefore, the calculated Vp values were multiplied by the constant 304.8
to convert the units to km/s, according to Gardner's equation [16].

Vp = ——x304.8 @)

3.3 Clay volume estimation

The clay volume present in the rocks negatively influences porosity and is a crucial parameter for estimating
the effectively connected porosity [21]. The most common method for estimating this parameter is based on using
the gamma-ray log (GR) to determine the clay index (IGR), as shown in eq. (3).

GRiog—GRmi
IGR = 24— 3)
GRmax—GRmin

Where GR)qq is the value read from the gamma-ray log; GRmin is the minimum value on the gamma-ray log;
GRmax is the average of the maximum values on the gamma-ray log.

Next, the clay volume is estimated using Larionov's equation [22]. Considering that the rocks under analysis
date back to the Cretaceous Period, eq. (4) was used.

Vcligrionoy = 0.33(2216R — 1) (@)
3.4 Estimating the continuous density log

Gardner's Polynomial Equation [10] is an empirical relationship used to estimate rock density (p) from P-
wave velocity (Vp). Table 1 illustrates the specific coefficients of the equation for different lithologies and the Vp
intervals, in km/s, for which these coefficients are valid.

Table 1. Polynomial forms of the velocity-density relationships by Gardner et al. (1974) as presented by Castagna et al. (1993).
The units are km/s and g/cm3 for velocity and density, respectively.

Lithology a b c Vp range (km/s)
Shale -0.0261 0.373 1.458 1.5-5.0
Sandstone -0.0115 0.261 1.515 1.5-6.0
Limestone -0.0296 0.461 0.963 3.5-6.4
Dolomite -0.0235 0.390 1.242 45-7.1
Anhydrite -0.0203 0.321 1.732 4.6-74

Therefore, eq. (5) with coefficients from limestones was used to estimate a total density profile (pcardner),
considering only the depths with Vp values between 3.5 — 6.4 km/s, as shown in Tab. 1.

PGardner = avlg +bVp + ¢ (5)
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3.5 Markov Chain Monte Carlo (MCMC) simulation

The estimation of the parametric terms in eq. (5) was conducted by solving the inverse parameter estimation
problem. A Bayesian approach was adopted, utilizing all available information to reduce the uncertainty associated
with the problem. New information was combined with previously available data for the statistical calculation of
terms using Bayes' theorem, based on three principles: all parameters of the mathematical model were modeled as
random variables; the degree of information regarding these variables was encoded by probability distributions;
and the solution to the inverse problem was the posterior probability distribution [23-24]. Thus, parameter
estimation involves obtaining a statistical distribution for each parametric term. In this research, the calculated
total density profile was fitted to the theoretical curve provided by Gardner's model. The MCMC method, using
the Metropolis-Hastings algorithm for likelihood calculation [24-25], was applied to estimate the posterior
distributions of the parameters a, b, and ¢ of Gardner's model. In this context, a study of metrics was carried out
to evaluate the performance of the MCMC method results, including the R2, which indicates the proportion of the
variability of the dependent data that is explained by the model, and the RMSE, which provides a measure of the
average difference between the predicted values and the observed values.

3.6 Porosity estimates

Porosity estimates were made using the Wyllie [11] and Raymer-Hunt [12] equations, utilizing the sonic log
(BHC) and removing the effects of clay content. Wyllie's equation assumes that the measured transit time (At) is
a weighted average of the transit times of the solid matrix (Atmarix) and the pore fluid (Atsuig), proportional to the
rock's porosity. Thus, effective porosity is given by a linear relationship with the transit time of the rock
components, as shown in eq. (6).

. Atyog— Atmatrix— Velay (Atciay— Atmatrix)
Phleyme - ’ (Atfluid— At:"natrix)jép ()
Where: Atyqg is the transit time read directly from the sonic log; Atmarix = 47.5 ps/ft is the transit time in the
rock matrix considering a limestone matrix; Atnyia = 188 ps/ft is the transit time in the fluid considering pores
saturated with slightly brackish water; Atciay = 70 ps/ft is the transit time in the clay present in the rock matrix;
Vay iS the clay volume estimated from the gamma-ray log; C, = 0.7 is the empirical compaction factor. This
correction factor, typically ranging from 0.7 to 1.0, adjusts the simple linear relationship of Wyllie's equation to
improve accuracy, especially in formations with intermediate porosity.
Raymer-Hunt [12] proposed a new empirical correlation that relates transit time and porosity, with the same
parameters defined in Wyllie's equation [11]. For rocks with porosity below 37%, the Raymer-Hunt equation [12]
is given by egs. (7), (8), and (9) below:

2
(2 Vimatrix— Vfluid)_ \/(2 Vmatrix— Vfluid) _4Vmatrix( Vmatrix— Vclay)

Phiday - 2 Vmatrix (7)
2
. (2 Vimatrix— Vfluid)_ \/(2 Vmatrix— Vfluid) _4Vmatrix( Vmatrix— Vlog)
Phlson - 2 Vmatrix (8)
PhiEyyne = Phigen — phiclachlay 9)

Where: Vmatrix = 1/Atmatrix; Viid = 1/Atfiidg; Vieg = 1/Atlog-

Subsequently, porosity was calculated from the density log (pcardnerrit) €Stimated using Gardner's Equation
[10] with the coefficients adjusted by the MCMC technique in the previous step. Porosity from the density log
(PhiEpenrit) is given by eq. (10):

(Pmatrix — Pbulk— Vclay (Pmatrix—Pclay)) (10)

PhiE =
DENFIT (Pmatrix— Pfluid)

Where: ppuik is the density obtained directly from the estimated density log (pcardnerriT); Pmatrix 1S the density
of the rock matrix. A value of 2.71 g/cm?3 was used, representing the average density of the rock matrix in the
formation; pelay = 2.55 g/cm?® is the density of the clay present in the rock; prig is the density of the fluid present
in the pores. A value of 1.03 g/cm? was used, considering slightly brackish water.

Finally, a comparison was made between the porosity measured in the laboratory and the estimated porosity
logs PhiEwyiie, PhiEnun and PhiEpenrir. A series of statistical measures were calculated to quantitatively evaluate
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which of the estimated porosity logs best fits the measured porosity (Phi_ag). The root mean square error (RMSE)
and the correlation coefficient (R?) were used to assess the model's accuracy and correlation. Additionally, central
tendency measures such as mean, median, mode, and dispersion measures such as standard deviation (SD) were

employed.
4  Results and Discussions

Overall, the caliper log shows a stable response throughout the formation. However, wellbore wall collapses
are observed in intervals with the presence of laminates (green highlight — Fig. 2). These rocks are more susceptible
to failures and collapse due to chemical alterations promoted by the interaction of the water-based drilling fluid
with the clay minerals present in the rock, and the relationship between low interlayer cohesion and wellbore wall
stress caused by differential pressure during drilling. The gamma-ray log allowed for the identification of laminite
intercalations, which exhibit anomalous peaks higher than 140 gAPI associated with high radioactivity and clean
limestones represented by coquinas with an average of 15 gAPI. This radioactive anomaly is characteristic of
laminates as they have a finer and more argillaceous composition, resulting in a high clay volume. Consequently,
this impacted the available porosity logs, as observed in the reduction of total porosity (PhiT) compared to effective
porosity (PhiE) in these clay-rich intervals (Track 9).
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Figure 2. Geophysical logs of well 2-SMC-02-AL. Tracks: 1) Morro do Chaves Fm.; 2) lithological log (Lithologic); 3)
DEPTH; 4) caliper (CALI); 5) gamma rays (GAMMA) e spontaneous potential (SP); 6) clay volume (Vcliarionov); 7)
compressional sonic transit time (BHC); 8) P-wave velocity (Vp); 9) total (PhiT) and effective (PhiE) porosities logs; 10-12)
total density estimates (Pcardner € PcardnerFiT); 13-15) estimates and comparison of sonic effective porosity (PhiEwyiie and

PhiEwnunt) and effective porosity by density (PhiEpenFiT).
The application of the MCMC method to estimate the coefficients of Gardner's Polynomial Equation resulted

in average values of a = -0.021, b = 0.294, and ¢ = 1.535, derived from the generated statistical distributions. As
illustrated in Fig. 3, these coefficients provided a satisfactory fit between the total density data (prwta) and the
calculated density curve (pearanerrit). Table 2 presents the statistical comparison of the density estimates using the
coefficients for limestones as originally proposed by Gardner (pcaraner) @and the coefficients adjusted through the
MCMC method (pgardnerri). The pearanerriT €Stimate shows mean, median, and mode values that are close to each
other and similar to the values found for pwa, indicating a symmetrical distribution with little influence from
outliers. In contrast, the pcaraner profile shows higher values for these measures, with a mode of 2.75 g/cm3, which
is higher than the average grain density of 2.71 g/cm? of the samples. Additionally, the pcaranerriT €Stimate has the
lowest root mean square error (RMSE), reflecting greater model accuracy, and a positive and intermediate
correlation coefficient (R?), but relatively higher compared to pgardner. This small difference of 0.023 in favor of
pcardnerriT iNdicates a marginal improvement in the explanatory capacity of the adjusted model, even though
paardnerriT €Xplains a larger fraction of the data variability. These results highlight the superiority of the fit obtained

with the MCMC method.
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Table 2. Comparison of density estimates using coefficients proposed by Gardner (1974) and coefficients adjusted by the
MCMC method.

Estimated SD Mean Median Mode RMSE R?
Potal 0.08 2.42 2.50 2.54 - -
PGardner 0.13 2.56 2.58 2.75 13.04 0.366
PGardnerFIT 0.08 2.48 2.50 2.55 5.72 0.389

40

Density (glem®)

os
protal
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[T}
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Figure 3. Fitting the measured total density (pwtar) to the density curve calculated with the estimated parameter values
(/)GardnerFIT).
Table 3 presents the basic statistics for the different estimated porosity logs. It is observed that the sonic

porosities using equations (6) and (9) show similar values to each other but are much lower than the measured
porosity. The PhiEwynie and PhiEnun curves resulted in RMSE values of 7.52 and 6.85, respectively, indicating
how far these estimates are from Phi_ag. This behavior occurs because the sonic log may encounter difficulties
when reading porosity in carbonate rocks. The coquinas of the Morro do Chaves Fm. exhibit different types of
pores—intergranular, interparticle, moldic, vugular, and fractures—that contribute to the increased complexity of
the pore system. In these rocks, secondary porosity can predominate over primary porosity, and the sonic tool may
not adequately capture this influence, underestimating the transit time and impacting the porosity estimates.

With an SD of 4.42, a mean of 12.62, a median of 11.75, and a mode of 9.50, the PhiEpensir profile
demonstrates values statistically close to those obtained from laboratory measurements of Phi_ag. Additionally, it
has the lowest RMSE of 3.34 and the highest Rz of 0.423 among all the estimates evaluated. Although the R2 does
not reach very high values, it still indicates a moderate positive correlation, which is significant considering the
complexity of the pore system in these coquinas. Figure 2, track 15, illustrates the comparison between the different
porosity estimates, highlighting the PhiEpeneir profile for its better fit to the measured porosity data (Phi_ag). Both
statistically and graphically, greater efficacy in predicting porosity is observed using the density profile adjusted
by the MCMC method compared to the sonic porosity profiles. These results reinforce the superior fit and greater
accuracy in porosity estimation, validating the application of the MCMC method combined with Gardner's
Equation as a robust approach for predicting porosity in coguinas.

Table 3. Basic statistics and metrics were adopted for the estimated porosity logs.

Estimated SD Mean Median Mode RMSE R?
Phi_ag 4.66 13.47 12.75 11.50 - -
PhiT 7.87 15.56 15.60 18.50 6.70 0.379
PhiE 7.11 13.55 13.40 15.50 6.21 0.301

PhiEwyiiie 7.96 9.51 7.62 1.50 7.52 0.366
PhiEpunt 7.35 9.48 8.12 1.50 6.85 0.366
PhiEpeneiT 4.42 12.62 11.75 9.50 3.34 0.423

5 Conclusion

The application of the MCMC method proved effective for porosity estimation in the coquinas of the Morro
do Chaves Fm. The coefficients of Gardner's Polynomial Equation, adjusted via MCMC, resulted in a density
curve (pcardnerriT) that provided a superior fit to the total density data, with a lower root mean square error (RMSE)
and a higher correlation coefficient (R2) compared to Gardner's original coefficients. The sonic porosity estimates,
such as PhiEwyiie and PhiEnun, Were less accurate, resulting in higher RMSE and lower correlation with the
measured porosity (PhiLag). In contrast, the PhiEpenrir profile, derived from the MCMC technique, showed the
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lowest RMSE and the highest R2 among all the estimates evaluated, indicating a moderate yet significant positive
correlation considering the complexity of the pore system. These results validate the use of the MCMC method in
combination with Gardner's Equation as a robust approach for predicting petrophysical properties in complex
environments. The technique demonstrated greater accuracy in porosity and density estimation, highlighting its
value as a tool for characterizing hybrid coquinas.

Acknowledgements. This research was carried out in association with the ongoing R&D project registered as ANP n° 23020-
1, “Caracterizagio Experimental, Modelagem e Otimizacio de Processos de Injecdo de Agua Alternada Com Gas — WAG-EX
Fase 11" (UFRJ/Shell Brasil/ANP), sponsored by Shell Brasil Petrdleo Ltda under the ANP R&D levy as “Compromisso de
Investimentos com Pesquisa e Desenvolvimento”. The authors would like to acknowledge the support of Programa de Recursos
Humanos (PRH-9.1) from Agéncia Nacional do Petr6leo, Gas Natural e Biocombustiveis — PRH-ANP, financed with resources
from qualified oil and gas companies by R, D&I Clause ANP n° 50/2015, and Fundagdo de Amparo a Pesquisa do Estado de
Séo Paulo (FAPESP). This study was financed in part by the Coordenacéo de Aperfeicoamento de Pessoal de Nivel Superior
— Brasil (CAPES) — Finance Code 001. The authors also acknowledge the partial support from the Conselho Nacional de
Desenvolvimento Cientifico e Tecnolégico - Brasil (CNPq) - through the research productivity grant 310291/2022-4.

Authorship statement. The authors hereby confirm that they are solely responsible for the authorship of this work, and that
all material included herein as partes of the present paper is either the property (and authorship) of the authors or has the
permission of the owners to be included here.

References

[1] D. L. Thompson, J. D. Stilwell, M. Hall, “Lacustrine carbonate reservoirs from Early Cretaceous rift lakes of Western Gondwana: pre-salt
coquinas of Brazil and West Africa”. Gondwana Research, vol. 28, n. 1, pp. 26-51, 2015.

[2] M. L. Santo. “The effects of pore connectivity on the permeability of coquinas (carbonate rocks) from the Morro do Chaves Formation,
Sergipe-Alagoas Basin, Brazil”/Maira Lima Santo — PhD thesis. Federal University of Rio de Janeiro, 2020.

[3] G. F. Chinelatto, A. P. Belila, M. Basso, J. P. Souza, A. C. Vidal, “A taphofacies interpretation of shell concentrations and their relationship
with petrophysics: A case study of Barremian-Aptian coquinas in the Itapema Formation, Santos Basin-Brazil”. Marine and Petroleum
Geology, vol. 116, 104317, 2020.

[4] J. Favoreto, “Coquinas da Fm. Morro do Chaves (Cretaceo Inferior, bacia de Sergipe-Alagoas) — estudo deposicional, diagenético e
estratigrafico de um analogo de reservatérios calcarios Pré-sal”/Julia Favoreto — Master's thesis. Federal University of Rio de Janeiro/ 1Geo,
2022. 266 f.: il., 30cm.

[5] P. Szucs, F. Civan, “Multi-layer well log interpretation using the simulated annealing method”. Journal of Petroleum Science and
Engineering, vol.14, pp. 209-220, 1996.

[6] M. Hall, B. Hall, “Distributed collaborative prediction: results of the machine learning contest”. Lead Edge, vol. 36, n. 3, pp. 267-269,
2017.

[7] A. Tarantola, B. Valette, “Generalized nonlinear inverse problems solved using the least squares criterion”. Reviews of Geophysics, vol.
20, pp. 219-232, 1982.

[8] M. Claprood, E. Gloaguen, M. Sauvageau, B. Giroux, M. Malo, “Adapted sequential Gaussian simulations with Bayesian approach to
evaluate the CO2 storage potential in low porosity environment”. Greenhouse Gases: Science and Technology, vol. 4, n. 6, pp. 761-776, 2014.
[9]1 R. Qin, H. Pan, P. Zhao, C. Deng, L. Peng, Y. Liu, M. Kouroura, “Petrophysical parameters prediction and uncertainty analysis in tight
sandstone reservoirs using Bayesian inversion method”. Journal of Natural Gas Science and Engineering, vol. 55, pp. 431 — 443, 2018.

[10] G. H. F. Gardner, L. W. Gardner, A. R. Gregory, “Formation velocity and density — the diagnostic basics for stratigraphic traps”.
Geophysics, vol. 39, n. 6, pp. 770-780, 1974.

[11] M. R. J. Wyllie, A.R. Gregory, L. W. Gardner, “Elastic wave velocities in heterogeneous and porous media”. Geophysics, vol. 21, n. 1,
pp. 41-70, 1956.

[12] L. L. Raymer, E. R. Hunt, J. S. Gardner, “An improved sonic transit time-to-porosity transform”. Paper presented at the SPWLA 21
Annual Logging Symposium, Lafayette, Louisiana, July 1980.

[13] ANP. Bacia de Sergipe Alagoas. Sumario Geoldgico e Setores em Oferta. Superintendéncia de Defini¢do de Blocos — SDB, 2017.

[14] G. G. Garcia, A. J. V. Garcia, M. H. P. Henriques, “Palynology of the Morro do Chaves Formation (lower Cretaceous), Sergipe Alagoas
Basin, NE Brazil: Paleoenvironmental implications for the early history of the South Atlantic”. Cretaceous Research, vol. 90, pp. 7-20, 2018.
[15] O. A. Campos Neto, W. Souza-Lima, F. G. Cruz, “Bacia de Sergipe-Alagoas”. Boletim de Geociéncias da Petrobras, vol. 15, pp. 405~
415, 2007.

[16] W. Schéfer, “Ecology and Paleoecology of Marine Environments”. The University of Chicago Press, Chicago. 1972

[17] F. J. Pettijohn. Sedimentary Rocks. Harper and Row Publishers, New York, 1975.

[18] A. C. Tavares, L. Borghi, P. Corbett, J. Nobre-Lopes, R. Camara, “Facies and depositional environments for the coquinas of the Morro
do Chaves Formation, Sergipe-Alagoas Basin, defined by taphonomic and compositional criteria”. Brazilian Journal of Geology, vol. 45, pp.
415-429, 2015.

[19] E. M. Kinoshita, “Modelagem sismica-geométrica de facies dos carbonatos lacustres da Fm. Morro do Chaves, Bacia de Sergipe-Alagoas”.
Boletim de Geociéncias Petrobras, vol. 18, pp. 249269, 2010.

[20] H. M. Kuntz, J. P. Barros, T. P. Andrade, E. V. Barroso, J. A. Souza, “Influéncia de aspectos sedimentoldgicos, tafonomicos e diagenéticos
na permeabilidade das coquinas da Fm. Morro do Chaves (Bacia de Sergipe-Alagoas)”. XX Congresso Brasileiro de Mecénica dos Solos e
Engenharia Geotécnica. Campinas, 2022.

[21] G. S. S. Ribeiro, “Avaliagdo Petrofisica dos Reservatorios Carbonaticos do Pré-Sal no Campo de Atapu, Bacia de Santos” / Gabriel Sousa
Dos Santos Ribeiro; Wagner Moreira Lupinacci, orientador. Niterdi, 2022.

[22] W. W. Larionov, “Radiometry of boreholes (em russo)”. NEDRA, Moscou, 1969.

[23] R. L. Winkler. An Introduction to Bayesian Inference and Decision. Second Edition. Probabilistic Publishing, 2003.

[24] J. Kaipio, E. Somersalo. Statistical and Computational Inverse Problems. Applied Mathematical Sciences, 2004.

[25] S. Tan, C. Fox, G. Nicholls. Inverse Problems. Em Course Notes for Physics 707. University of Auckland, 2006.

CILAMCE-2024
Proceedings of the joint XLV lbero-Latin-American Congress on Computational Methods in Engineering, ABMEC
Maceid, Brazil, November 11-14, 2024



