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ABSTRACT

Analyzing amplitude anomalies in seismic data requires a comprehensive understanding of
the geological context and thecuracy of the seismic imagefaithfully represent the subsurface
Over the past four decades, numerous surveys in mature basins like the US Gulf of Mexico have
undergone reprocessing and merging to enhance imagiafity. While this reprocessing
primarily aims to optimize imaging for historical targets, it may yield suboptimal results for current
objectives, such as identifying and characterizing shallow targets mandated by government

regulations to prevent oil bimuts.

The merging of seismic data volumes demands careful attention during processing, as the
different volumes are often acquired at different times with different hardware, acquisition
geometries, and exploration objectives. If insufficient care is takenfisa differences in the
amplitude and spectra of the merged survey components can pose challenges when used as input

for machine learning techniques or seismic attribute studies.

To address discrepancies in the Matagorda Island merged survey, we implemented spectral
balancing followed by structweriented filtering. Spectral balancing equalizes high and low
frequencies, creating a more uniform frequency spectrum. Struariergal filtering eliminates
random and crossutting coherent noise while preserving structural and stratigraphic features.
This workflow ameliorates the discrepancies between the areas covered by the individual surveys,
resulting in a more consistent inter@idn across the seam between the two surveys. However,
the application of this workflow posed a challenge in improving features observed at the tuning
frequency and also exacerbating the Higdguency noise due to the presence of footprint, thus

resultirg in a more challenging interpretation of faults and fractures in some areas.
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POST-MIGRATION SEISMIC DATA CONDITIONING METHODS ON A

MERGED DATASET

INTRODUCTION

In the past years, merging legacy seismic surveys, shot with different acquisition
parameters and at different times, has provided an advantage for the indogtgringextensive
areas in a single cube. Morse and Spear (2022) explain the benefits that companies have by
merging different datasets to obtain a single megamerge. They point out the advantage of obtaining
a regional and sedimentological context. Additionalhgy state that companies have a clear
economic benefit since they can now reviewrfan opportunities before thirgarty discussions
this means that a company can evaluate the technical, financial, and strategic risks before acquiring
a percentage of an exploration blo€lel Moro et al. (2013) showed the advantages of merging
cubes for obtaining regional stratigraphic interpretations. Their research demonstrated how an
appropriate selection of migration aperture can aid in visualizing sharper and-reigbletion
features. However, the merging process requires special attention watahing amplitudes,
frequencies, and phases from the different cubes. The result of an inaccurate merging process can
lead to inconsistencies in the seismic data and erroneous geologic interpretations. Under this
scenario, a new acquisition or data repssagy to fix those issues might be complicated or even
impossible. For this reason, handling pusgration filters to enhance the data quality becomes

paramount when dealing with leguality seismic datasets.



To investigate the use of pasigration workflows to improve the interpretation of merged
datasets with visible differences along their seams and low resolution, we use a seismic dataset
that is the product of merging two legacy surveys acquired atehtféimes and with different
acquisition parameters. We observe a sharp contrast in amplitudes and frequencies at the seam of

the two original cubes and a strong presence of noise and artifacts from the processing (Figure 1).

We propose the application of a paosigration seismic data conditioning workflow
consisting of applying spectral balancing followed by struetuiented filtering. We first explore
the use of spectral balancing to reduce the sharp contrast at the sdamdyyenizing the
frequency values and minimizing the sharp contrast generated during the merging process.
Tufeckcik et al. (1981) state that a set of traces is spectrally balanced when they have the same
frequency spectrum that the filter applied for $p@dalance. The interpreter should generally
compute a survegonsistent spectral balancing whereby the samevamiant filter is applied to
the entire volume, thereby preserving lateral changes and relative amplitudes (Chopra and Marfurt,
2016). Howeer, as we are dealing with a merged dataset in which the two legacy surveys had
different but relatively consistent amplitude and frequency spectra, the approach of an amplitude
friendly surveyconsistent correction would not have shown any improvemergduacing the
sharp contrast at the seam. As an alternative, we applieeblydcace spectral balancing, which
treats each trace independently and attempts to generate a balanced spectrum across the entire
survey. In our implementation, because we uded@time window, spectral balancing preserves
the relative amplitude of each trace in a statistically reasonable manner and reduces the frequency
contrast across the merged cube. Following the-togdeace spectral balancing of the dataset, we

applied sructureoriented filtering (SOF). This process attempts to improve the visualization of



structural and stratigraphic edges (Marfurt, 2018). Its application in this stage aims to highlight

features that were unraveled in the previous step.

In this work, we evaluate the abeweentioned posinigration techniques applied
independently on the original merged dataset and then combined. We present the effect of these
filters on the homogenization of frequencies and amplitudes distribution deeossam and the
enhancement of seismic resolution, as well as their benefit or damage to the interpretation of
structural and stratigraphic features. We also discuss the application of automatic gain control
(AGC) to address the amplitude mismatch due &gmg issues and how the variation in the

parameters for their application may impact the identification of direct hydrocarbon indicators.

SEISMIC DATA

The Matagorda Island block is located on the continental shelf of TEkas€1-a). The
area is located 60 mi NW of Corpus ChrisppeoximetlylO mi from the coastline. The seismic
data from the block covers an area of 1,080 fitiis merge seismic cube exhibits varying seismic
expressions due to reprocessing issues and low dignalse ratio (SNR) caused by footprints
(Figurel-e). For this work, weselected a ~100 kiportion of the block, in which there is a visible

amplitude and frequency change duéhmergingof two different surveyg$Figurel-d).
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Figure 1. a) Seismic dataset location within the Gulf of Mexitloe timesliceshows the extent of
the Matagorda Island megamerge dataset, wihiégeblue and green polygons represent the extent
of the legacysurveys The orange polygon represents the portion of volume used in this sjudy
representative crossline of ttagea of interest of this project) structural map(TWT) of the
seismic horizorused to analyze the impact of conditioning methods on this; studiyne slice
displaying the sharp amplitude contragtboth sides of the seaming envelope attribut@and e)
Sobel filter map oveHorizon Bluedisplaying in detail the faulting system of the area. The red
dashed lines represent the orientatmfrthe inlines NWASE), and crosslines (SWE) used in this
project.

Figure1-c displays the structural map ime (TWT) ofHorizon Blue the reflector used
to analyze attributem the following sectionsOn this mapyarm colors represent the shallowest
areas of the reflector, while cold colors represent the deepest. We can notice that the horizon is

majorly affected by a normal fault striking in the NS direction. This fault has been interpreted
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as the Clement&€omas faulin the area of stud{Figure2). Additionally, Horizon Blueis affected
by secondary fault¢Figure 1e). These minor faults play a key role ewaluatinghow seismic

conditioning methodsnhance the visualization of structures.

time (ms)

Figure 2. Seismic inline through the Matagorda Island dataset used in this project. The
interpretation in blue representdorizon Blue and the blackdotted lines represent the faults in
the area. The main fault dipping to the SE direction is the ClerTemtes faultThe location of

this crossline is referenced in Figute

The Matagorda Island Megamergethe result of merginghe Matagorda Teledyne and

Matagorda Island surveyBigurela).

Table1 summarizes the available information about some of the acquisition parameters

and documentthe difference between them.



_ Matagorda Island Matagorda Teledyne

Vintage May 1994 January 1991
Bin size 12.5x40m 12.5x37.5m
Number of channels 162 120

Fold 40 30

Channel spacing 25 m 25 m

Far offset 4000 m 3000 m
Number of cables = 1

SP interval 50 m 25m

Tablel. Legacy surveys comparative chart.

GEOLOGICAL SETTING AND STRATIGRAPHY

The main objective of this project is to investigate poggjrationseismicdata conditioning
workflows on a mergeddataset that preserasplitude and frequency changes at the seam of the
legacy surveys ana poor resolution of stratigraphieatures and fault structur&hegeophysical
evaluation of the dataset requitesanchor our understandimgthin the geological context of the
western Gulf of MexicoThis regions characterized bgignificant faulting events and fluctuations
in sedimentation patterngnderstanding this context is not only integral but foundational for the
interpretation ofseismic data. The geological backgrouymvides critical insights into the

structural complexities and sedimentary sequences thaireitigt subsurface.

Regionalgeology
The Gulf of Mexico is an ocean basin located between the North American plate and the
Yucatan block. It was created during crustal extensionsaafloorspreading in the Mesozoic

Pangea breakup (Galloway, 2008). During a long period of Late Triassic to Early Jurassic, a series



of basement grabens and hgithbens were filled with terrestrial and volcaniclastic sediments.
Most of the structural basin underlies a transitional crust that was stretched by Middle to Late
Jurassic rifting.A remarkable eventor the latter structural development of the basin is the
continued stretching in Bathonian and Callovianes During this episode, a broad sag was
initiated, and the basin was openedhe Pacific Ocean, leading to the deposition of thick Louann
Salt and associated evaporites (Galloway, 2008).efldeof the Early Cretaceous determined the
modern morphology of the Gulf Basim which the main processes were the combination of
subsidence and carbonaiatformdeposition. After thisloading subsidencgas the predominant
mechanism in the Late Cretacepu®mplicated by intrabasinal gravity tectonics structures
(Galloway, 2008). Sekevel fluctuations in the Pleistocene have mainly controlled the morphology

of the current continental shelves. The categories that can be assigned to the depositional
enviromrments on the continental shelf are generally terrigenous on the northern and slesdfern

and carbonate on the eastedge This pattern can be seen from the Late Cretaceous when the
sediments were dekred to the northern margin of the Gulf from the continental interiors that
were tectonically elevated. These sediments then prograded to the present shelf edge, covering a
distance of about 300 km from the margin of the Cretaceous platform (Colenhai@8@). The

Gulf of Mexico depocenter presents a thick column formed by a succession of sediments from the

Jurassic to the Holocene periods (Galloway, 2008).

Local geology

Stratigraphy
Regarding the geology ihe offshore Texas shelfoleman et al. (1986) describieé@s a
broad area that currently displays a smooth topographic relief. The thin layer of sediments from

the Holocene overlies an eroded subaerial fluvial plain from the Late Pleistoceaftahatops



out on the sea floor. This area of the shelf presents infilled sksgied channels. The Texas shelf
edge displays a series of prograded Late Pleistocene deltas formed during the lowering of the sea
level (Coleman et al., 1986). The sediments inliasn zonare mainly constituted by saisthale
interlayers that have been affected by listric faults detaching within a basal shale unit that typically
dips basinward (BosandMitra, 2012).Accordingto Spencer and Barrett (200®)e productive
reservois from the neighbang area, Mustang Islandre composedf distal barriershoreface and

shelf sandsind thick fluvialdeltaic sands reworked in the strike directéoml belong to the Frio
Formation.This section represents a significant tertiary progradational wedge within the Texas
Gulf coastal plain. The sedimentary materials forming this unit primarily originated from Mexico
and the southwestern United States, resulting from uplift and erosi@teidiin Mexico. This
process was subsequently followed by uplift and eroalong the western margin of the Gulf
basin Gwansonand Karlsen, 2009) The Frio Formation underlies the Oligoce Anahuac
Formation a transgressive marine shale in Texadanisiana Anahuac consists of lightio dark
greenishgray calcareous shale interbeddetith thin beds of locally calcareous sandstone and
locally thin limestonesbecoming more calcareous from west to east (Swarstitarlsen, 2009).
Interbeddedhalesand calcareous sandstones are typical of middle-stietimediate open marine
environmentsDessellg1997) stated that progradational distal déltent sandstoneshoreface,

and shelf sandstones of the Anahuac formation occaffshore Texas's Matagorda Island and
Mustang Island areabkigure3 shows a regional stratigraphic section of the Tertiary and younger

strata in thenorthern Gulf of Mexico coastal pla{®wansorandKarlsen, 2009).
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Figure 3. Expanded stratigraphic section of the youngest sediments in the northern Gulf of Mexico
area. The Rio Grande Embayment, San Marcos Arch, East Texas Basin (Texas) column represents
the zone of interest of this proje@ihe blue rectangle represents the time in which we consider
Horizon Blue was deposited accordihg Worrall and Snelsor{1989). Chart modifiedfrom
Swanson and Karlsgj2009.

Structural geologythe Clementd omas fault

Growth fault systems ioffshore Texagpresentfour major fault trend (Bradshawand
Watkins, 1994. All of them are characterized by northeassouthwet strike with a
counterclockwise rotation in the southernagffeéigure4). The sediments ithe Matagorda Island
block are affectednainly by the Clementd omas trendRangin et al., 2008Y his early Miocene
fault systenlies basinwardbeneath the present inrgnelf surface (BradshaandWatkins, 1994).
Bally and Palmer (1989) explain that the faults in this area are not simply basinward slumps and

mention that the role of gravity in the developmafithese fault systems must be studied alongside



the complex geology of the slope regitdicDonnél et al. (2010)escribed the geometry of the
ClementeTomas fault in detaillin their work they named this faulasthe Miocene Detachment
since it is a gravitydriven extensional faulting that resulted from gravity spreading dusalio
migrationduring that period of timeAdditionally, theypresented evidendkat thismajor growth
fault presents anrregular geometrythat is smooth landwards bgets corrugated seaward,
alternatingbetween highs and lowalthough previous literatur@BradshawandWatkins, 1994;
Bally and Palmer, 1989 argue that the Clementdomas fault is a primarily shaleased
detachmentault, McDonnell et al. (20103efendthatthese corrugations were controlled by the
evacuation oéllochthonousalt campyinferred to be emplacedtween the late Eocene and early

Oligocene andtarted migrating in th®ligocene to Middle Miocene.

Coastline

Clemente-Tomas

Northwest Texas shelf Southeast

Depth (km)

Pleistocene- Eocene- U. Jurassic- [ Basement
Recent :] Flocene Paleocene Cretaceous and synrift - Sak

Figure 4. Regional profile across the study area. A regional detachment separatesMidigene
extensional faults from deeper Cretace@iocene sections. The interpreted horizons in this
project are affected by the Clemeiftemas faultThe black rectangle represents the extension of
the Matagorda Island megamerge dataséjure modified from McDonnell et al., 2010
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METHODOLOGY

In assessing the merged survey data qualgyfirstmapped major horizons and then sliced
through the amplitude and attributelumes This step entailsevaluating thedatg looking for
discontinuitiesand examiningateral variationsin bandwidth angignatto-noise(SNR) along the

selectechorizons.Figure5 showsa simplified overview of the workflow followed in this project.

—
<~ 3

Merged Seismic
Volume

———

Analysis of
frequency spectrum

v
Application of
conditioning
algorithms

Spectral Balanced +
Structured-Oriented
Filter (SOF) volume

Spectral Balanced Structured-Oriented
volume (SB) Filter (SOF) volume

Methods

Horizon
Interpretation

¥r_/
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Seismic Attributes
on each volume

—

Spectral Attributes SO

‘ Results |

Attributes

—
Instantaneous
Attributes

’ Application of AGC }‘

Amplitude aspects Faults aspects ]

e

Frequency aspects ] [ Stratigraphic aspects ]

‘ Discussion ‘

Figure 5. Project methodology andoskflowfor seismic data conditioning@ttributes calculation
anddiscussion.

Thecore issuen the merged survey is displayedRigure6 andFigure7, where we are

displaying the cropped volume used for this stifig can observe a sharp amplitude contrast
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located at the same place in every interpreted hgnzbith ismore evident in shallower areas.
In Figure6, we can observhow the attribute envelogehavesn the fourinterpretedhorizons.
As interpreters, we may realize that the sharp amplitude coatrfs¢ seam ardaappening at
Horizon CyanandHorizon Yellow, which are the shallowest horizoree hard to explain with
geological reasoningo themore obvious reason for might be the presence ofgeophysical
artifact. Howeverthe seam becomes less obvious when going desgserenn HorizonBlue and
Horizon Green At this stagethe interpreter may confuse tlenplitude contrast with direct
hydrocarbon indicatoDHI), leading toan inaccurateinterpretation of the geologyThese
observations on the seismic dateow the importance of analyziagnplitude changes even when

we are doing a regional evaluation of the data.

Figure7 is a crosslinghat goes through thareaanddisplaysthe amplitude contrastt
both sides of theeam, represented by terticaldashed lineConsistently with what we observed
in themaps ofFigure6, the sharp contrast is mageidentin the shallowest part and beconhess
notorious at greater depthBhis observation inamplitudes discrepancyay be ooted in the
processing time of the surveys. It is possible that for the time ohénging, theexploration and
development targets were locatbdlow the two secondsTherefore,the efforts in matching
amplitudes and frequencies were focusedthose depths. In consequendbe shallowest
reflectors of the seismic dakeve more notorious amplitude contrasbath sides of the seam

between the legacy surveys.
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I:> Sharp amplitude contrast

E’ Seam between the two surveys

Figure 6. Horizon slicesof a) HorizonCyan b) HorizonYellow c) HorizonBlue, andd) Horizon
Greendisplayingtheenvelope attributéo focus orsharpamplitudecontrast across theeam The
red line indicates theeambetween the two legacy cubdkktethe footprint noise in the NVBE

direction.
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Figure 7. Seismic crossline through the original dataset showing the seam between the two surveys
(vertical dotted line) and the horizons interpretBlibte thepronounced amplitude discrepanaty
shallower levelsThe location of this crossline is referenced in Figure 1.

Given these observations of amplitude variations within the merged dataset, it becomes
necessary to attempt to improve the quality of the sumeeyensure consistency of the
interpretation. Herewefirst address this problem by applying two postmigration data conditioning
processes: spectral balancing and struebniented filtering Additionally, we explore th@npact

of applyingAGC in the amplitude contrast.

Severalseismic attributesvere calculatedo evaluatehe effect of themerge across the
seam The attributesalculatedvereenvelopeinstantaneous frequency, Sobel filter, total energy,
meanfrequency,and peak magnitud&.able 2 summarizes théypes andapplicationsof each

attributeused in this analysiandAppendixA further explainghear physicalprinciples
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Single trace Instantaneous ldentification of attenuation and  Taner et al. (1979)

Frequency thin-bed tuning.

Envelope Sensitive to changes in acoustic  Taner et al. (1979)
impedance.
Geometric  Sobel filter Stratigraphic edges and fault Luo et al. (1996),
(similarity) visualization. Gersztenkorn and
Marfurt (1999)
Total Energy Isolation of low energy chaotic Gersztenkorn and
reflectors from higher energy Marfurt (1999)
seismic responses.
Spectral Mean Detection of thirbed tuning Liu (2007), Marfurt
Frequency anomalies. (2018)
Peak Strong hydrocarbon indicator. Liu (2007), Marfurt
Magnitude (2018)

Table2. Summary of the attributes used in this study and their applications.

Spectral Balandang

The seismic dataset used in this project presents heterogeireitiesseismiaesponse
due to an incorrect mataf frequencies and amplitudes during the merging prodeghbis work,
we address this probletwy proposinga straightforward methodology, such as spectral balancing,
to homogenizehe seismic data at both sides of the seam of the mergedacub® enhance the
frequency content of the volumMlarfurt (2018) stated thaspectral balanng aims torelocate
each spectral component toideal level As we arewvorking with frequencieswe must beware
of whatis the original frequencspectrum of the daandnot create frequencies thatre never

recorded However,this methodologydoesnot extendthe range of frequenciegy adding new
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oneshutenhancegheexistingfrequengesby flattening thefrequency spectruin theusable range

of frequencies.

Marfurt (2018) and.i et al. (2021)showedthat if the input waveletised to generate the
seismic dataset is a Ricker wavel#ien after spectral balancing, the shape of the wavelet will
haveits side lobeseduced meaning that the higher frequencies were improkedther words,
when we apply spectral balanees aim toflatten the output wavelet spectiide result of spectral
balancing and enhancifggh frequenciesare reflected in aeismicoutput with more resolutign

which, in practice, allowthe interpreters to perform a detailed seismic interpretation.

The parameters used for spectral balaneugge determined according to the spectral
frequency analysis on the original seismic datdSgtire8 depictsthe frequency spectrum of the
cube before and after spectral balancM@e can observe that in the original cubiee usable
frequenciesre approximatel}0 Hz to 40 Hz, with a dominant frequency around 20Adtzr 40
Hz, we can see how frequency decagsl it becomesalmost zerat 70 Hz.The wavelet used to
perform the spectral balancing was an Ormsk}0F585 Hz. We selected these wavelet
parameterbecause wevantedto captureaall the frequencies the datasein addition,the dataset
was examined in order tdentify the more relevaritequencies and t@cognizevhat frequencies
are more contaminated with noiggppendixB further explainsthe proces®f the spectral data
analysis tagetthese frequency parameters for the Ormshyelet.Additionally, we appliedthe
spectral balance on each trace individualljgis method is chosen ovarconstant survewide
spectral balancing because have a merged cube with a mismatch of frequencies and amplitudes
herein,this approach attempts to generate a balanced spectrum across the entiteAfignvey
applying spectral balancere can observe the desired outplia flat frequency spectrum without

a dominant frequencin Figure 8. The orange line represents the spectra of the volume after
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spectral balancing. We observe thaginal amplitudes were reduced at certain frequency values
especially between 20 and 30.Ha addition, it is evidenthe frequencyimprovemeniabove 40
Hz. Thefrequency spectrum shows thlaé dataset nowas amplitude values for frequenciesm

40 to 80 Hz. A we expectedio additional frequencies were created by applgpertral balance.

Structure-oriented filtering

In seismic interpretatigrthe interpreter must decidiee most optimum tool&® enhance
the seismic data and highlight the target geologic featArasng themost commommethodso
conditionate a poshnigrated datasestructureoriented filter (SOF) isvell recognized to improve
the imaging of the subsurface structufideckerandFehmers, 2002;uo et al, 2002;Hale, 2009;

Marfurt, 2018)

In the case of the Matagorda Island dataset, whichrierged seismic cube that presents
processing issues materialized as mismatching of amplitudes and frequencies at the seam of the
legacy volumes and footprint noise in the N8& direction, we use this filter to improve the
imaging quality and highlight sniacale features that were revealed in the previous step when we
applied spectral balance, and thus obtain an optimum visualization of both stratigraphic and

structural features.

This filter is used tasmooth the datevhile presering the energyn the parallel direction
to the structuraldip. Additionally, it suppressesandom noise and cressitting coherent noise
The SOF algorithm used in this stucymbines botlFehmers and Hoecker (2003) dnab et al
(2006) workflows for edge preservationut includes someother characteristicsAppendix C
displays how this process impacts the dakee maindifferencebetweerthe algorittm performed

in this project and the classagorithms mentioned above ggven byincluding a previously
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computed similarity volumé measurghe smoothnessr edge presencand the possibility of

choosingthe type of filter applied to the data

To applythisfilter, we used a semblancebe énergyratio) to provide the algorithrwith
information about the structairgeology and stratigraphic edgaghe area of interesthe filter
appliedin this studyis Principal Componentsand it basically identifies consistent amplitude
patterns thatepeatsample by sample within an analysis winddWe resultant frequency of the
dataset, displayed iRigure8 is practically the same as the input, meaning that this process does
not change its amplitudes and frequencigss isa desired effect when we need to enhance the
visualization of stragraphic and structural featuregthout missing the amplitude and frequency

information of the seismic events.

Cascadedspectral balandng and structure -oriented filtering

For this study, we want to evaluate tt@mbination of twopostmigration seismic data
conditioning methodsGiven the merged dataset wahmismatch of amplitudes and frequencies
across the seam between the two legacy cubesdirstepplied spectral balance to attempt to
homogenizéts distributionin that areand, aftethat, we applied SOF to enhance the visualization
of stratigraphic edgethat were revealed with spectral balancikge first tried each method
independently on the original dataset, evaluated the resyégately, and finally combined them
to improve the dataset's qualiffhe resultanfrequency spectrum analysis is th@me aghat
obtained by only applying spectral balance. This result is consistent with what we obtahed
previous section, where we saw tls82F does not modifgny of those wave parametefsgure

8 shows the frequency spectrum of all of the volumes analyzed in this work.
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Figure 8. Spectral frequency analysis all of the volumes used in this projeBlue represents

the original dataset, orange represents the spectrally balanced dataset, red represents the
structureoriented filtered dataset, and greespresents the specthalbalanced and structure
orientedfiltered dataset

RESULTS

We analyzed each methaddependentlyo understandhow the posimigration processes
impacted the Matagorda Island dataSei.do this,we compared each volungeneratedand
analyzedtheir resuls. Thesecubes werehe original poststack time migration (PSTM), the
spectrdy balanced, thestructureoriented filtered(SOF) and the spectrally balancedd then
structuredoriented filtered SB + SOF)datasetFigure9 displays theinterpretation of theeismic
Inline 2200 In it we canseehow the a) original data compares to t)espectral balances)

structureorientedfilter, andd) spectral balancand therstructureorientedfilter. Sincetheinlines

19



are perpendicular to the mafault in the areathey are useful to observe timpact of the

conditioning methods on ttstructures.

We can see the effect spectral balancing ikigure9-b by observing how the rigfctors
became more defineahd howthin horizons are now eias to follow and pick. In addition,the
maximum amplitudes weredaced from a value of 31,7002@,000, meaning a reductionXi%.
This reduction of amplitude values and reductiometditive amplitude contrast &consequence
of balancing each trace independerathdrequires special attentidrom the interpreter sinci

can affect the result of further seismic processes such as A¥®@esmic inversion.

After applyingstructureoriented filteringon the original dataset, we can observEigure
9-c thatthemodification of theelative amplitudes neglectableAs we expected from the theory,
this methoddoes not changine amplitudes and frequenciafsthe input Consequentlywe were
not expecting tdind a solution to the mismatch of amplitudes WB@®F Fault discontinuities are
highlighted makingthem easier to interprahd in some caseslefining faults that were not visible

in the original dataset.

The combination of both spectral balance and $®Figure 9-d showsa noticeable
improvement compare the original datas€Figure9-a). The most remarkable chaagprethe
combination ofwhat we observeih eachmethod separatelyreflectors more definedbetter

visualization of thin horizons, arzktter fault visualization.
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Figure 9. Seismic inline with interpretation through the different volumes used in this study: a)
original dataset, b) spectrally balanced dataset, c) strueturented filtered dataset, and d)

spectrally balanced and structumgiented filtered datasetThe location of this crossline is
referenced in Figure 1.
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Figure 10 displays the seismicCrossline 2180, and they attempt to show how spectral
balance, structureriented filter, and spectral balanpkus structureoriented filtermodify the
original dataset. Since crosslines are perpendicular to theadeaentwo cubeghey are useful to

observe the impact of the conditioning methods omrtisenatch of frequencies and amplitudes

Figure 10-a displays the original dataseand we can easily highlight where the seam
between the two legacy surveys occurs, espedcrathye shallowest par©ver this sectioywe can
point outthat the amplitudes ak@ighterin the NE area. Additionally, the change of frequencies

is observable in the change of thickness of the seismic events.

In Figure 10-b, we can observe how spectral balance modthesdataset. There i1 a
improvement in the amplitude distribution, and we can see that the amplitude contrast is subtler
now. Additionally, as we saw ifigure9-b, the frequency of the reflectorshgyher analanced

thus helping to reduce the contrastbath sides of the seam

The effect ofthe structureoriented filteron the dataset is visible Figure10-c. We can
see that the frequencies amtplitude distribution are not changed when they are compared to the
original dataset ifFigure 10-a. This is an expected result since SOF is not a method applied to
address the problem of the mismatch between the two legacy cubes but is applied to improve the

edges visualization.

The result of applying spectral balamgfollowed by SOF can be seenkigure10-d. As
we can observe, we obtained the same results regarding amplitudescaieticy distribution as
we got when we only applied spectral balance, but additionadyhave an improvement in the
faults visualization andtratigraphic edge#\s a result of applying spectral balance &t@F, we

can also observan artifact occurringespeciallyin the deepest seismic everfée can observe
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that said reflectionbost their smooth continuitg nd have a @ blThisakifaciisappeart

knownasthe stairstepeffect(Lin and Marfurt, 2017)

a) Original dataset
NE

Figure 10. Seismic crossline with interpretation through the different volumes used in this study:
a) original dataset, b) spectrally balanced dataset, c) struetuiented filtered dataset, and d)
spectrally balanced and structumgiented filtered datasetThe location of this crossline is
referenced in Figure 1.
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We ran the attributedescribedn Table2 and created horizon slices over Horizon Blue
using the abovementioned volumes as infppendixA further explains the theory behind the

attributes analyzed in this project.

Results onsingle trace attributes

Envelope

This attribute is sensitive thanges in acoustic impedantée observen Figurellthat
after applying spectral balance, the amplitudes were redraraca maximum value of 3800 to
a maximum value of 2800, meaning 22% of reductionEventhoughwe still have an amplitude
contrastat both sides of the seam, we observe that distribution of amplitudes imore
homogeneous that areaThese are all expected reswdtording to the spectral balance theory
and the frequency spectrum analysis of the dataBetspite this attribute not being ideal for
analyzing structures, we see that both spectral balancing and stwrtunted filtering modify
the imaging of the main fault and, in general, enhatscéisualization Additionally, the green
circle in Figure11-b andFigure11-d points out that after spectral balancing, there is a change in
the imaging of the main fault system, showing minor structures next to the Clehoemds fault

that were not visible before.
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a) Original dataset b) Spectral Balanced (SB) dataset

= Faults =) Sharp amplitude contrast . '« Fault visualization enhancement

E’ Seam between the two surveys

Figure 11. Amplitude extraction ovetlorizon Blueon envelope cube calculated in a) the original
dataset, b) the spectrally balanced dataset, c) the structueated filtered dataset, and d) both
spectral balanced and structumziented filtered dataseBlack arrows point to faults observed in

this horizon slice. The orange arrow denotes the sharp amplitude contrast at the seam and the
yellow arrow indicates the seam between the two surveys. The red dashed circle indicates an
improvement in fault visuaation after spectral balancing.

Instantaneou$requency
This attribute ishelpful in identifying attenuation and thived tuning.Figure 12 showsthat
frequency values increased aftgrectral balancingandthe color barhistogram shows hroad

frequency spectrunirigure12-b andFigure1l2-d display a frequency range from 10 Hz to 50 Hz,
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while the original dataseangesrom 15 Hzto 40 Hz. Both the original and the structdoeiented

filtering display a sharp contrast at geam aredn Figurel2-aandFigurel2-c, we can observe
thatfrequencies at the left side of the seam are in the rangeefyellow colors, whichmeans

a bandwidth between 30 Hz aB8 Hz, and at the right side of the seémey areonthe range of

the blue-green colors, which meam bandwidth between 25 Hz and 35. Kch difference in

values at both sides of the seam denotes a frequency contrast unrelated to a geological event since,
as we can observe, it perfectly aligned with the union of the original cubEsen thougtthe
differencesbetweenFigure 12-b and Figure 12-d are subtlethe results ofcombiring two

conditioning methodseem to helpomogenizendequalize the frequency values across the seam
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a) Original dataset b)

Spectral Balanced (SB) dataset

¢) Structured-Oriented filtered dataset

=) Sharp amplitude contrast ) Faults E’ Seam between the two surveys

Figure 12. Amplitude extraction oveforizon Blueon Instantaneous Frequency cube calculated

in a) the original dataset, b) the spectrally balanced dataset, c) the strumtierged filtered
dataset, and d) both spectral balanced and struetuiented filtered dataseBlack arrows point

to faults observed in this horizon slice. The orange arrow denotes the sharp amplitude contrast at
the seam, and the yellow arrow indicates the seam between the two surveys.

Results ongeometric attributes

Sobeffilter smilarity
This attributeis helpful forstratigraphicedges and faults visualizatioRigure 13 shows
that this attribute is not sensitive to t@plitude contrast at both sides of the semmd hereis

no visible differencein ampitudesacross the union of the cub@#is attributas a great example
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of how spectral balafrg and structureriented filtemg improvethe visualizatiorof geometries
over the horizon.Figure 13-b depicts some featureghat are atibuted to footprint noise
highlighted in theeddashedines circlesthat are noas visible in the original dataset. This might
be an undesireaesultof spectral balaring. However,improvements in the visualizatiar faults
are highlighted ina green dasheléhe circle. Interestingly,the application of spectral balang
displaysa set of small faults parallel to the Clememtamas Faul{Figure13-b) that SOFcannot
display whenapplied withoutpreviouslybalancing the datéFigure 13-c). This lead to atleast
two possible scenaridbe interpreter must carefully evaluate to accurately interpret the geology
The first possible scenario is that spectral balanbigglights noise and creates faldbking
artifacts andthe secondcenario is thaOFis not able to resolvimesesmall featuresBoth cases
require the integration ofjeophysical and geological criteria conclude the most accurate

interpretation.

28



a) Original dataset b) Spectral Balanced (SB) dataset

c¢) Structured-Oriented filtered dataset d) SB + SOF dataset

mp Faults ____> Footprint noise Fault visualization enhancement

E’ Seam between the two surveys

Figure 13. Amplitude extraction overorizon Blueon Sobel Filter cube calculated in a) the
original dataset, b) the spectrally balanced dataset, c) the struciieated filtered dataset, and

d) both spectral balanced and structtogented filtered datase® he yellow arrow indicates the
seam between the two surveys. Black arrows point to faults observed in this horizohhslice.
green circles show fault visualization enhancement after spectral balancing, end the red circles
indicate footprint noise exacerbated after data conditioning.

Total energy
This geometric attribute effectively distinguishes {emergy chaotic reflectors from
seismic responses exhibiting higher eneiltg/applicationover the HorizorBlue resuled very

efficiently in depictingthe sharp amplitude contrast on both sides of the sétwever,this
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attributeappears insensitive to the effects of seismic conditioning methods, as evidenced by the
similarity in the four maps shown Figure14, with just subtle differencesThese findings show

a very limited contributiorfior thepurpose ohomogenizinghe distributionof amplitudes of the
merged cubeThe most pronounced impact is observedFigure 14-b and Figure 14-d, where
spectral balancing is applied, resulting in a reduction of amplitude contrast between the footwall

and hanging wall compared to the original dataset.

a) Original dataset

b) Spectral Balanced (SB) dataset

=) Sharp amplitude contrast =) Faults Eb, Seam between the two surveys

Figure 14. Amplitude extraction oveHorizon Blueon total energy cube calculated in a) the
original dataset, b) the spectralbalanced dataset, c) the structemgented filtered dataset, and

d) both spectral balanced and structtogented filtered dataseBlack arrows point to faults
observed in this horizon slice. The orange arrow denotes the sharp amplitude contrast at the seam,
and the yellow arrow indicates the seam between the two surveys.
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Results onspectral attributes

Peakmagnitude

This attributecomputes the maximum magnitude value within the average spectral
frequency in a voxel, and it is a strong hydrocarbon indic8iarilar to what we observed in the
results of envelopdsigure 15 depictsthatthe peak magnitude calculated on the original dataset
displaysasharp contrast in the seam arkeeFigure15-a, the value of the attributan the left side
of the seam is around 55,000, while on the right side, it is ar@008¢D0Q meaning a45%
difference This high contrastwhich we can tell has no geological meaning and aligns perfectly
to the seamis attenuatedfter applying spectral balanaeducing the differenc® a 30% of the
values asshownin Figure 15-b and Figure 15-d. These mapshow that spectral balancing
homogenizes the values at both sides of the seam, thus reducing, but not elintiesthnayp

contrast.

31



a) Original dataset b) Spectral Balanced (SB) dataset

c) Structured-Oriented filtered dataset d) SB + SOF dataset

=) Sharp amplitude contrast mp Faults E’ Seam between the two surveys

Figure 15. Amplitude extraction ovédtiorizon Blueon Peak Magnitude cube calculated in a) the
original dataset, b) the spectrally balanced dataset, c) the struciieated filtered dataset, and

d) both spectral balanced and structwogented filtered datasefhe orange arrow denotes the
sharp amplitude contrast at the seam, and the yellow arrow indicates the seam between the two

Surveys.

Meanfrequency

This attributecomputes the mean frequency value within the average spectral frequency in
a voxel and it is helpful in detecting thibed tuning anomalieés a generastatementthe results
we obtained applying this attribute were the most valuabladorogenizing the data across the
merged datasetVe can observe iRigurel6-athat on the original datasehe frequency contrast
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is still visible, but the difference between the values at both sides of the saavhasbig as in
other attributesThe application of spectral balanceRigure16-b showsa great reductiornn the
amplitude contrast,displaying frequencies around the same value at both siddee afeam.
Additionally, we can observe how the histogram of ¢bkor bardisplaysa broaderfrequency
spectrumafter spectral balancinganging from27 Hz to 40 Hz in the original and SOF datasets
and 32 Hz to52 Hz in the spectrally balanced datasets. This inclieasequeng valuesis an
expected resultas we mentioned in the theory, but aladat is remarkablywaluable for this
project is thathe distribution of the values is such that gferp contrast due to the merging of

two differentcubes $ notably reducedas we can note irigure16-b andFigure16-d.
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a) Original dataset b) Spectral Balanced (SB) dataset

c) Structured-Oriented filtered dataset d) SB + SOF dataset

pr

=» Sharp amplitude contrast mp Faults E’ Seam between the two surveys
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Figure 16. Amplitude extraction ovdforizon Blueon Mean Frequency cube calculated in a) the
original dataset, b) the spectrally balanced dataset, c) the struciieated filtered dataset, and

d) both spectral balanced and structwogented filtered datasefhe orange arrow denotes the
sharp amplitude contrast at the seam, and the yellow arrow indicates the seam between the two

Surveys.

DISCUSSION

The primary aim of this project is to enhance the quality of a merged dasasgtarious
seismic data conditioningvorkflows. A key challenge within this dataset is the significant

disparity in amplitude and frequency values resulting fesrmaccurate mergingf two legacy
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cubes, compounded by a prevalence of-fequency content and footprint noise along the NE

SW direction.Given these situations, the interpreter eqply different postmigration seismic

data conditioning methods. In this case, &@luate the impact of applying a trdmgtrace

spectral balance to overcome the mismatch of values and homogenize the dataset across the seam
between the two cubes. Additionally, we followed spectral balancing with strwarierdged

filtering to sharperthe features that werevealed in the previous step. To assess the impact of
each process, we first applied each method independently over the original dataset and then in
combination. The application of trabg-trace spectral balancing may be aggressive for the
relative amptudes (Marfurt, 2018), harming them in such a way that the data might require an
exhaustive data control for an advanced evaluation of AVO or impedance inversion. However,
since our objective is to reduce the contrast in the seam of two different cuteegeta more
accurate geologic interpretation, we decided that this might be the best approach to overcome this
issue.This initial step aims not only for a more uniform distribution of frequencies and amplitudes
throughout the cube but also anticipates a finer delineation of stratigraphic edges and faults,
leading to improved resolutionlo go further in the improvement of the data quality, we applied

the welkknown technique in the industry, structumeented filtering (Hocker and Fehmers, 2002),

to highlight faults and stratigraphic edges, thus obtaining a more complete and detailed geologic

interpretation.

The application of filters and algorithms to improve the data quality is not a mere routine
task in which the interpreter uses the same workflow for every seismic dataset. Especially when
frequencies are modified, the interpreter must use all the geophgsid geological criteria
applicable to solve a problenetermining whether the features revealed with the spectral

balancing hold geological significance is crucia do so, we generate seismic sectionsuting
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perpendicularly through these features and analyzing how the processes altered the original data.
The analysis includes the visualization and comparison of results before and after seismic data
conditioning on the merge, discussing the impact on the geologic and seismic interpretation of the

data, focusing especially on the sharp contrast of amplanddrequency values observed at the

seam, and the visualization of faults.

Amplitude -basedattributes aspects

The amplitudebased attributes have not completely homogenikedvaluesacross the
seam in the instantaneous and spectral restls result, observed irenvelope andpeak
magnitude attributesnight be the consequence of applyintyaceby-trace spectrabalance In
our implementationspectral balancing preserves the relative amplitude of each trace in a
statistically reasonable manner (Marfurt, 201&ffectively diminishing the discrepancy in
frequencies across the surveys. However, it strugglidly mitigate the amplitude contrasio
address themplitude problem, a further step can be followed, whiclthé application of

automaticgain control (AGC).

Although in this project we are applying it to migrated da@aC is a weltknown method
that isappliedduring the processingtage As spectral balancinghis is also a tace-by-trace
algorithm,and it atempts torecover the amplitude of the sigriahthas been dissipatirduring
the propagation of the wave through different medigbBwendurur, 2018) AGC can severely
modify the natural reflection of a seismic reflector, makirsgvery aggressive process $aismic
dataand mustbe used carefullylts application mayemoverelative amplitudes, avoiding the
correct interpretation of theepositional environmemr hiding bright spotsWe ran AGC using
different window lengths to investigate how this algorithm modifies the merged data and if it is

possible to homogenize amplitudes at both sides of the Jdmmvindow length oAGC operator
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length Oondurur, 2018Js critical since itdetermineghe scale factoused tohomogenize the
amplitudes along the tracén Figure 17, we can see a seismic crossline through the cube,
displaying the union between the legacy surveys, representtte pyey dashedvertical line
Figurel7-adisplays how the seismic looksthe original dataseEigurel7-b spectrally balanced
and structureriented filtered dataseEigure 17-c spectrally balanced and structtoeented
filtered dataset applying AGC withG5-secondoperatorlength (long window), ané&igurel7-d
spectrally balanced and structumeented filtered dataset applying AGC withO@5-second

operator lengtlishort window).

As we expected, the amplitudie®k equalizedn the entire survewnd it is evident that
we do not observe the sharp amplitude contradtath sides of the seaafter applying AGC.
However, to analyze how the different AGC operators work in the dataged to identify the
changes this algorithm has made. We obseratthere is a substantial difference betw&egure
17-c andFigure 17-d. One method to demonstrate thigferenceis by examining the seismic
response oforizon Blue In both the original and spectrally balaneed SOFdatasets, Horizon
Blue, owing to its strong reflectivity, serves as a prominent horithan is easily discernible
throughout the entire volume. However, uppplying AGC, we observe a gradual loss of its
inherent reflectivity, with its prominence diminishing each time we reduce the operator length.
The interpreter must be very carefuith using this tool and selectinbeo p e r denghriféhe
objective is to perform an amplitude ayss then this algorithnshouldbe applied always with

well control anddeally using a long windoysuch as 0.5 second$owever, we do not recommend

evens can be severely modifieds we can segith thebright spothighlightedin thegreen circle

in Figurel7. Again, we can witness how the bright spot is lost as we diminish the AGC operator.
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On the otherand, if the intention is to interpret geometries, such as sequential stratigraphy
geometries, pinclouts, or chaotic lovamplitudereflections then a short window can aid the
visualization of themWe can observe iRigurel7-d how the low reflectivitjhorizonshighlighted

in the turquise circleare better visualized using a short window length in the application of AGC.

a) Original dataset

time (ms)

c) SB + SOF with AGC — window 0.5s

time (ms)
A
8
o

g

=) Sharp amplitude contrast ~ ) Lateral continuity enhancement O Bright spot visualization deteriorated - == Seam

Figure 17. Seismic crosslinthrougha) original dataset, b) spectrally balanced and structure
oriented filtered dataset, c) spectrally balanced and struetuiented filtered dataset applying
AGC with a0.5-second operator length (long window), and d) spectrally balanced and structure
oriented filtered dataset applying AGC with a G€¥tondperator length (short window).

Geometric attributes aspects
Geometric attributegrovidedinsightful results that may change theolodc interpretation

after applyingspectral balancing and structtogented filtering especially when we &k atSobel
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filter (semblance)We can observe ifrigurel3that there are remarkable differences between the
results obtained byapplying each method independent§pectral Balancing displays some
artifacts parallel to the main structur&/e examined the seismic in the inline direction
(perpendicular to the Clemert@mas fault) to determine if those artifacts parallel to the fault are

part of the main structure artifacts due to the strong presence of noise

In Figure18, we observehatthese features correspond to a deformation over the horizon
close to the main fauib the footwall block These subtle flexures, indicated with yellow arrows,
were not highlighted by the application oktuctureoriented filter by itselfout were revealed
with the application ofpectral balancelhis is an expected effect of this algorithsince ly
relocating usabldata frequencie® their ideal positioywe were able to resolve smaltale faults

that provide a&omplete understanding of the geology.

Given the context of a lowguality seismic resolution, it becomes necessargyuntify
how 6ésmall & these newly revealed features are
without the presence of other lithology that generates a velocity anomaly, such as a salt dome or
an igneous body. If we consider average veloditesandand assume aWave velocity of €600
ft/s atthe depth of Horizon Bly¢hen we obtain that the thickness of the refle@tdrs about230
ft (Figurel8-a). As a referencéheheightof the Sarkeys Energy Center building at the University
of Oklahoma campus 210ft, sothe estimatethickness of this reflector ebout the same height
This value indicates that the minimumckness-or tuning thicknesgwidess, 1973)that can be
detected at that depth in the original volumé I8 & 60ft, a package afnore tharb stories of the
Sarkeys building. After spectral balancing,sa®wnin Figure 18-b, the thick reflector now has
more definition, and we can se®re detaibn it. Repeating the same reasoning used to calculate

the thickness of the reflector in the original dataset, we calculathitkmess of the revealed
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reflectorsafter seismic data conditioning and obtained that now instead of lookin@34 fa
reflector, weobserve a 20 ft horizon with an estimateduning thicknessearound30 ft (about
threestories of the Sarkeys buildind light of these results, then the sredble features revealed
after spectral balancing observed through the Sobeldiiéeno bigger than 250 ft on the horizontal

and30ft on the vertical scale.

a) Original dataset
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Figure 18. Detailed seismic section perpendicular to the features revealed after spectral balancing
without interpretationin the left columrand interpreted in the center column, correlated with the
Sobel filter attribute at the right column thea) original datasetb) spectrally balanced dataset,

c) in the structuraloriented filtered dataset, and) in the spectrally balanced and structure
oriented filtered dataset. The yellow arrows indicate where these subtle events occur.
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Another remarkable differencabserved before and after seismic data conditionimg
Sobel filteris visible at thesoutheast of th€lementeTomasfault, in the hanging wall block
There we can see amcreasein noise inFigure 13-b andFigure 13-d. With the objective of
understanding if this noise is a produceabfcerbation of footprint noise due to the application of
spectral balance, wareateddetailedseismic sectiogin that area tanakea refined interpretation.
Figurel9displaysin detailthis area on the different maps and cross seci@irsn themagnitude
of this major fault trend in offshore Texas is reasonable to anticipate a pronounced level of
deformation andfaulting. Upon observation, we note that srasthle deformation remains
unresolved solely through the application of structuiented filtering. However, when combined
with spectral balancing, we discern that the noise apparent@oagitioning originates fromminor
faultswithin this block generating rugosities over Horizon Bldgis scenario highlights a case
where the noise observed stems fittv geological context and sediment deformation rather than

acquisition or processing artifacts.
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a) Original dataset

c) Spectral Balanced (SB) dataset
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Figure 19. Detailed seismic section perpendicular to the features revealed after spectral
balancing without interpretatiorin the left column and interpreted in the center column,
correlated with the Sobel filter attribute at the right columithea) original datasetb) spectrally
balanced dataset) in the structuraloriented filtered dataset, ard in the spectrally balanced

and structureoriented filtered datasetThe arrows indicate the discontinuitiagyhlightedover

the horizonin each conditioningvorkflow. Notice howthe horizon displays more' rugosities' in
the SB + SOF datasebmpared to the otherases.
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Frequency-basedattributes aspects

The application of spectral balancirgignificantly improved the frequency distribution
across thevolume. BothFigure 12-d and Figure 16-d display how spectral balance effectively
reduced the dependence of the sdama frequencyanalysis. Thisneans that afteapplying
spectral balancingherelative contrastof the frequencies are no longer conditioned by the union
of the legacy surveyd.he implications of this outcome could significanitifluence geological
interpretation, potentially leading to substantial misinterpretation of the tuning phenomena prior

to implementing spectral balancing in our dataset.

Integrated analysis

The previous section show#ake impact of eackeismic data conditioningrocess when
we are visualizingeismic attributes. In a higher or lower gradepbservedow the data changed
afterapplying each the techniques described aboVe give an additional assessmdfigure
20 displays the cancer of three different attributes in a time sliced&2 millisecondslt shows
peak frequency, peak magnitu@ieithout the application of AGC)and Sobelfilter. Note the
different color bars used to display three attributes simultaneously. We chose a conventional
frequency color bar for frequencgnd monochromatic colors for peak magnituae well as a
Sobel filter, with opacities that help bighlight what we are interested in seeing from the data. In
this case, giving full opacity to high peak magnitude vahllesvsus to see those areas where we
have lithologies with both high frequgnand high amplitudealuesandhides those areas where
the amplitudes are low. Similarly, opacity in Sobel filter serves as a highlighter of edges while

mutes areas where the attribute doesnot show
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b) Spectral Balanced (SB) dataset

a) Original dataset

10,000 ft

c) Structured-Oriented filtered dataset d) SB + SOF dataset

Peak Freq Peak Mag Opacity Sobel filter Opacity > Sharp amplitude contrast

70 50000 1 > Faults
m)  Stratigraphic edges
Footprint noise
15 0 —_— 0.6 —

E Seam between the two surveys

Figure 20. Corenderedime slice at 932 ms displayipgakfrequencyi peakmagnitudei Sobel
filter. in &) the original dataset, b) the spectrally balanced dataset, c) the strumterged filtered
dataset, and d) both spectral balanced and struetuirented filtered dataseArrows in different
colorspoint to several featurewodified after applying seismic data conditioning methods.

Figure20 provides a comprehensive assessment of how conditioning processes impact the
data, enabling us to gauge the effectiveness of these steps in enhancing stratigraphic features and

fault visualization within a lowquality datasetWe offer interpretations to emphasize the most
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notableobservationgndicated by arrows in different colordrrows in yellow, blue andred
indicate the presence of the sharp amplitude contrast, faults, and stratigraphicespgesively,

while the yellow dashed line circles shéle footprint noiseFigure20-a andFigure 20-c allow

us to observe that there is a sharp contesiss the seanndicated by theyellow arrows- that

does not represent response of the physical properties of the rock fealogical change
Supported byhe previous analysiiscussedn theresults thisfrequency changes attributed to

the mismatch of frequencies of the merged volukRigure 20b and Figure 2@, on the other

hand, demonstrate a more uniform frequency distribution in the seam area, aligning with our

anticipated outcome following trdiscussion of frequenelyased attributes aspects

However, despite these insights, this particular time slice reveals an interesting Tdaure.
red arrowsclearly indicate a stratigraphic edge, likely the boundary of a channel. To better

understand this stratigraphic feature, we examine it in more detgigure21.
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a) Original dataset b) Spectral Balanced (SB) dataset
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I » Stratigraphic edges
15 0 J— 06 —>

Figure 21. Zoomed arean stratigraphic edgealisplayinga corendered time slice at 932 ms
displaying peak frequencyi peak magnitudei Sobelfilter. in a) the original dataset, b) the
spectrally balanced dataset, c) the structoreented filtered dataset, and d) both spectral
balanced and structureriented filtered datasefThe arrowsindicatethe harmed stratigraphic

edgss, correlating withFigure 22.

46



Figure 22. Detailed seismic section through the harmed stratigraphic edge. The arrows indicate
the harmed stratigraphic edges, correlating whilgure 21.

Figure21-c illustrates how SOFffectively accentuates the highlighted feature, providing
additional detail as anticipated. However, while expected a significant improvement in
visualizing this feature after applying spectral balancing, the results did not meet our expectations.
Figure21b) and g andFigure22b) and dYdemonstrate how spectral balancing adversely affects
the data, hindering the visualization of stratigraphic edges. This outcome highlights a potential

limitation in using this methodology to enhance data quality.

Previouditerature(Marfurt, 2018has demonstrated that tsisaightforwardnethodology
employed herein is indeed effective for realigniregjuencies to enhance resolution, as confirmed
by the frequency spectrum analysis presentdeélgnre8 However,our analysis of stratigraphic

features reveals a challenge related to tuning frequeéiayendix D). The unbalanced dataset
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