ADVANCED GEOPHYSICS CONCEPTS

ADVANCED GEOPHYSICS CONCEPTS EXPLORE THE INTRICATE SUBSURFACE STRUCTURE AND PHYSICAL PROPERTIES OF THE EARTH/
EXTENDING FAR BEYOND INTRODUCTORY PRINCIPLES. THIS FIELD DELVES INTO SOPHISTICATED METHODOLOGIES AND THEORETICAL
FRAMEW ORKS CRUCIAL FOR UNDERSTANDING GEOLOGICAL FORMATIONS, NATURAL RESOURCES, AND SEISMIC HAZARDS. FrOM THE
COMPLEX WAVE PROPAGATION PHENOMENA THAT UNDERPIN SEISMIC IMAGING TO THE NUANCED ELECTRICAL AND MAGNETIC
SIGNATURES INDICATIVE OF SUBSURFACE ANOMALIES, ADVANCED GEOPHYSICS OFFERS POWERFUL TOOLS FOR SCIENTIFIC INQUIRY
AND PRACTICAL APPLICATION. THIS ARTICLE WILL NAVIGATE THROUGH KEY AREAS SUCH AS ADVANCED SEISMIC
INTERPRETATION, ELECTROMAGNETIC SURVEYING TECHNIQUES, GRAVITY AND MAGNETIC METHODS, AND THE CUTTING-EDGE
COMPUTATIONAL APPROACHES THAT DRIVE MODERN GEOPHYSICAL EXPLORATION. BY EXAMINING THESE ADVANCED CONCEPTS,
WE GAIN A DEEPER APPRECIATION FOR THE EARTH'S DYNAMIC PROCESSES AND OUR ABILITY TO INVESTIGATE THEM REMOTELY.
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ADVANCED SEISMIC INTERPRETATION T ECHNIQUES

SEISMIC INTERPRETATION, AT AN ADVANCED LEVEL, MOVES BEYOND SIMPLE IDENTIFICATION OF LAYERS TO A SOPHISTICATED
ANALYSIS OF SEISMIC ATTRIBUTES AND THEIR GEOLOGICAL SIGNIFICANCE. THIS INVOLVES UNDERSTANDING HOW SEISMIC WAVES
INTERACT WITH DIFFERENT ROCK TYPES, FLUID CONTENT, AND STRUCTURAL COMPLEXITIES. ADVANCED PRACTITIONERS UTILIZE A
SUITE OF ANALYTICAL TOOLS TO EXTRACT MORE INFORMATION FROM SEISMIC DATA, ENABLING THEM TO CHARACTERIZE
RESERVOIRS, IDENTIFY POTENTIAL HYDROCARBON TRAPS, AND MAP COMPLEX FAULT SYSTEMS WITH GREATER PRECISION.

SEISMIC ATTRIBUTES ANALYSIS

SEISMIC ATTRIBUTES ARE QUANTITATIVE MEASUREMENTS DERIVED FROM SEISMIC DATA THAT HIGHLIGHT SPECIFIC GEOLOGICAL
FEATURES. ADVANCED TECHNIQUES INVOLVE THE CALCULATION AND INTERPRETATION OF A WIDE ARRAY OF ATTRIBUTES,
INCLUDING INSTANTANEOUS AMPLITUDE, FREQUENCY , PHASE, COHERENCE, CURVATURE, AND SPECTRAL DECOMPOSITION. For
INSTANCE, INSTANTANEOUS AMPLITUDE CAN REVEAL FLUID CONTACTS, WHILE COHERENCE ATTRIBUTES ARE EXCELLENT FOR
DELINEATING FAULTS AND CHANNELS BY HIGHLIGHTING DISCONTINUITIES IN THE SEISMIC REFLECTION PATTERN. CURVATURE
ATTRIBUTES ARE PARTICULARLY ADEPT AT IDENTIFYING SUBTLE STRUCTURAL FEATURES AND AREAS OF FOLDING OR FRACTURING
THAT MIGHT NOT BE APPARENT IN CONVENTIONAL SEISMIC DISPLAYS. SPECTRAL DECOMPOSITION ALLOWS FOR THE
VISUALIZATION OF STRATIGRAPHIC FEATURES AT SPECIFIC FREQUENCIES, WHICH CAN CORRELATE WITH RESERVOIR PROPERTIES
LIKE POROSITY OR LITHOLOGY.

FuLL W AverorM INVERsION (FW 1)

FuLL W AVEFORM INVERSION REPRESENTS A SIGNIFICANT LEAP IN SEISMIC IMAGING RESOLUTION. UNLIKE TRADITIONAL TRAVEL-
TIME BASED INVERSIONS THAT RELY ON THE ARRIVAL TIMES OF SEISMIC WAVES, F\W| USES THE ENTIRE SEISMIC WAVEFORM TO
ITERATIVELY UPDATE A SUBSURFACE VELOCITY MODEL. THIS HIGHLY COMPUTATIONALLY INTENSIVE PROCESS SEEKS TO MINIMIZE
THE DIFFERENCE BETWEEN RECORDED SEISMIC DATA AND SYNTHETIC SEISMOGRAMS GENERATED FROM THE MODEL. | HE RESULT IS A
MORE ACCURATE AND DETAILED VELOCITY MODEL, WHICH DIRECTLY TRANSLATES TO IMPROVED SEISMIC IMAGING, PARTICULARLY
IN AREAS WITH COMPLEX GEOLOGY, SUCH AS SUBSALT IMAGING OR UNCONSOLIDATED SEDIMENTS. F\W1 IS INSTRUMENTAL IN
RESOLVING FINE STRATIGRAPHIC DETAILS AND SUBTLE STRUCTURAL VARIATIONS THAT ARE OFTEN MISSED BY CONVENTIONAL
MIGRATION TECHNIQUES.



SEISMIC ANISOTROPY ANALYSIS

REAL-WORLD GEOLOGICAL FORMATIONS ARE RARELY ISOTROPIC, SEISMIC WAVE VELOCITIES CAN VARY DEPENDING ON THE
DIRECTION OF PROPAGATION. THIS PHENOMENON, KNOWN AS SEISMIC ANISOTROPY, IS COMMON IN LAYERED SEDIMENTARY ROCKS,
FRACTURED FORMATIONS, AND CERTAIN CRYSTALLINE STRUCTURES. ADVANCED GEOPHYSICS EMPLOYS TECHNIQUES TO
QUANTIFY AND CHARACTERIZE THIS ANISOTROPY. UNDERSTANDING ANISOTROPY IS CRITICAL BECAUSE IT CAN DISTORT SEISMIC
IMAGES, AFFECT AMPLITUDE-BASED INTERPRETATIONS, AND INFLUENCE THE PREDICTION OF RESERVOIR PROPERTIES. SPECIALIZED
PROCESSING WORKFLOWS ARE DESIGNED TO CORRECT FOR THESE DIRECTIONAL VELOCITY VARIATIONS, LEADING TO MORE
ACCURATE DEPTH IMAGING AND A BETTER UNDERSTANDING OF THE SUBSURFACE STRESS REGIME AND FRACTURE NET W ORKS.

IN-DEPTH ELECTROMAGNETIC SURVEYING PRINCIPLES

ELECTROMAGNETIC (EM) SURVEYING METHODS LEVERAGE THE EARTH'S NATURAL OR INDUCED ELECTROMAGNETIC FIELDS TO
PROBE SUBSURFACE ELECTRICAL PROPERTIES. ADVANCED EM TECHNIQUES OFFER UNIQUE ADVANTAGES IN CERTAIN GEOLOGICAL
SETTINGS, PARTICULARLY FOR DELINEATING CONDUCTIVE OR RESISTIVE TARGETS, MAPPING GROUNDWATER RESOURCES, AND
IDENTIFYING MINERAL DEPOSITS. THE COMPLEXITY ARISES FROM THE INTERACTION OF ELECTROMAGNETIC WAVES WITH VARIOUS
SUBSURFACE MATERIALS, EACH POSSESSING DISTINCT ELECTRICAL CHARACTERISTICS.

FREQUENCY-DoMAIN ELecTRoMAGNETICS (FDEM)

FREQUENCY-DOMAIN ELECTROMAGNETIC METHODS INVOLVE TRANSMITTING A TIME-VARYING MAGNETIC FIELD AT ONE OR MORE
DISCRETE FREQUENCIES AND MEASURING THE RESULTING SECONDARY MAGNETIC FIELDS INDUCED IN THE SUBSURFACE. THE
AMPLITUDE AND PHASE OF THESE SECONDARY FIELDS, RELATIVE TO THE PRIMARY FIELD, ARE SENSITIVE TO THE SUBSURFACE
CONDUCTIVITY DISTRIBUTION. ADVANCED FDEM SYSTEMS, SUCH AS TRANSIENT ELECTROMAGNETIC (TEM) OR TIME-DOMAIN
ELECTROMAGNETICS (TDEM), ARE HIGHLY EFFECTIVE FOR MAPPING CONDUCTIVITY VARIATIONS WITH DEPTH. TDEM SURVEYS
ARE PARTICULARLY POWERFUL FOR INVESTIGATING DEEP, CONDUCTIVE TARGETS LIKE MASSIVE SULFIDES OR LARGE AQUIFERS, AS
THEY PROVIDE EXCELLENT DEPTH PENETRATION AND RESOLUTION.

MaGNETOTELLURICS (MT) AND AupIo-FREQUENCY MAGNETOTELLURICS (AFMT)

MAGNETOTELLURICS IS A PASSIVE EM METHOD THAT USES NATURALLY OCCURRING ELECTROMAGNETIC FIELD VARIATIONS,
PRIMARILY FROM LIGHTNING AND SOLAR-INDUCED CURRENTS, TO INFER SUBSURFACE CONDUCTIVITY. BY MEASURING ORTHOGONAL
HORIZONT AL COMPONENTS OF THE ELECTRIC AND MAGNETIC FIELDS OVER A BROAD FREQUENCY RANGE, MT CAN PROVIDE
RESISTIVITY PROFILES TO DEPTHS OF HUNDREDS OF KILOMETERS. ADVANCED MT INTERPRETATION INVOLVES SOPHISTICATED
INVERSION ALGORITHMS THAT ACCOUNT FOR 2D AND 3D SUBSURFACE STRUCTURES. AFMT IS A RELATED TECHNIQUE THAT
UTILIZES HIGHER-FREQUENCY SIGNALS, ALLOWING FOR SHALLOWER INVESTIGATIONS, OFTEN USED FOR MINERAL EXPLORATION OR
SHALLOW GROUNDWATER STUDIES.

INoucep PoLArizATION (IP)

INDUCED POLARIZATION IS A TECHNIQUE THAT MEASURES THE CHARGEABILITY OF SUBSURFACE MATERIALS, WHICH IS RELATED
TO THEIR ABILITY TO STORE ELECTRICAL CHARGE. THIS IS ACHIEVED BY APPLYING A DIRECT CURRENT (OR LOW -FREQUENCY
ALTERNATING CURRENT) AND OBSERVING THE VOLTAGE DECAY (TIME‘DOMAIN |P) OR THE PHASE SHIFT AND AMPLITUDE
REDUCTION IN THE SIGNAL (FREQUENCY‘DOMAIN |P> AFTER THE CURRENT IS TURNED OFF OR VARIED. ADVANCED |P ANALYSIS IS
CRUCIAL IN MINERAL EXPLORATION, PARTICULARLY FOR IDENTIFYING DISSEMINATED SULFIDE MINERALIZATION, WHICH CAN BE
POORLY CONDUCTIVE BUT HIGHLY CHARGEABLE. THE INTERPRETATION OF |P DATA PROVIDES VALUABLE INSIGHTS INTO THE
PRESENCE AND DISTRIBUTION OF METALLIC OR CLAY-BOUND MINERALIZATION.



SoPHISTICATED GRAVITY AND MAGNETIC DATA PROCESSING

GRAVITY AND MAGNETIC METHODS MEASURE SUBTLE VARIATIONS IN THE EARTH'S GRAVITATIONAL AND MAGNETIC FIELDS,
RESPECTIVELY. THESE VARIATIONS ARE CAUSED BY DENSITY AND MAGNETIC SUSCEPTIBILITY CONTRASTS WITHIN THE
SUBSURFACE ROCKS. ADVANCED PROCESSING AND INTERPRETATION OF GRAVITY AND MAGNETIC DATA ARE ESSENTIAL FOR
EXTRACTING MEANINGFUL GEOLOGICAL INFORMATION, ESPECIALLY WHEN DEALING WITH SUBTLE ANOMALIES OR COMPLEX
GEOLOGICAL SCENARIOS.

BouGUER AND FRee-AIR GRAVITY CORRECTIONS

RAW GRAVITY MEASUREMENTS ARE INFLUENCED BY NUMEROUS FACTORS, INCLUDING ELEVATION, LATITUDE, AND THE MASS OF
OVERLYING ROCK. ADVANCED PROCESSING INVOLVES APPLYING PRECISE CORRECTIONS TO ISOLATE THE GRAVITATIONAL
ANOMALY CAUSED BY SUBSURFACE DENSITY VARIATIONS. THE BOUGUER CORRECTION ACCOUNTS FOR THE MASS OF ROCK
BETWEEN THE MEASUREMENT STATION AND A REFERENCE DATUM, WHILE THE FREE-AIR CORRECTION ACCOUNTS FOR THE CHANGE
IN GRAVITY WITH ALTITUDE. FURTHER CORRECTIONS, SUCH AS TERRAIN CORRECTIONS, ARE APPLIED TO ACCOUNT FOR LOCAL
TOPOGRAPHIC IRREGULARITIES. ADVANCED INTERPRETATION UTILIZES FILTERED BOUGUER ANOMALY MAPS TO HIGHLIGHT
ANOMALIES OF SPECIFIC WAVELENGTHS, REVEALING FEATURES AT DIFFERENT DEPTHS AND SCALES.

MAGNETIC DATA REDUCTION AND FILTERING

MAGNETIC DATA ACQUISITION INVOLVES MEASURING THE EARTH'S TOTAL MAGNETIC FIELD OR ITS COMPONENTS. SIMILAR TO
GRAVITY DATA, RAW MAGNETIC MEASUREMENTS ARE SUBJECT TO VARIOUS INFLUENCES, INCLUDING DIURNAL VARIATIONS
(CHANGES IN THE EARTH’S MAGNETIC FIELD OVER TIME), THE EARTH'S MAIN DIPOLE FIELD, AND TOPOGRAPHIC EFFECTS.
ADVANCED PROCESSING INCLUDES APPLYING DIURNAL CORRECTIONS, REMOVING THE REGIONAL MAGNETIC FIELD, AND APPLYING
UPWARD AND DOWNW ARD CONTINUATION FILTERS. UPWARD CONTINUATION CAN SUPPRESS SHALLOW, HIGH-FREQUENCY NOISE,
WHILE DOWNW ARD CONTINUATION CAN ENHANCE RESOLUTION OF DEEPER SOURCES. DERIVATIVESI SUCH AS THE TOTAL
HORIZONTAL DERIVATIVE, ARE WIDELY USED TO SHARPEN ANOMALY EDGES AND DELINEATE GEOLOGICAL BOUNDARIES.

3D INVERSION OF POTENTIAL FIELD DATA

MODERN GEOPHYSICS INCREASINGLY EMPLOYS 3D INVERSION TECHNIQUES FOR POTENTIAL FIELD DATA. INSTEAD OF INFERRING
SUBSURFACE STRUCTURES FROM 2D PROFILES OR SIMPLIFIED MODELS, 3D INVERSION AIMS TO CONSTRUCT A THREE-DIMENSIONAL
MODEL OF DENSITY OR MAGNETIC SUSCEPTIBILITY THAT BEST FITS THE OBSERVED GRAVITY OR MAGNETIC DATA. | HESE METHODS
OFTEN INCORPORATE GEOLOGICAL CONSTRAINTS AND REGULARIZATION TO PRODUCE GEOLOGICALLY PLAUSIBLE MODELS.
ADVANCED 3D INVERSIONS CAN REVEAL COMPLEX GEOLOGICAL STRUCTURES, SUCH AS FAULT BLOCKS, INTRUSIONS, AND
SEDIMENTARY BASINS, WITH SIGNIFICANTLY IMPROVED RESOLUTION AND ACCURACY COMPARED TO TRADITIONAL METHODS.

CoMPUTATIONAL GEOPHYSICS AND MODELING

THE ADVENT OF POWERFUL COMPUTING HAS REVOLUTIONIZED GEOPHYSICS, ENABLING COMPLEX SIMULATIONS AND INVERSIONS
THAT WERE PREVIOUSLY IMPOSSIBLE. COMPUTATIONAL GEOPHYSICS FORMS THE BACKBONE OF ADVANCED INTERPRETATION,
ALLOWING FOR THE TESTING OF HYPOTHESES, THE GENERATION OF SYNTHETIC DATA, AND THE REFINEMENT OF SUBSURFACE
MODELS.



NUMERICAL MODELING OF W AVE PROPAGATION

ADVANCED SEISMIC INTERPRETATION HEAVILY RELIES ON NUMERICAL MODELING OF SEISMIC WAVE PROPAGATION. TECHNIQUES
SUCH AS FINITE-DIFFERENCE, FINITE-ELEMENT, AND SPECTRAL ELEMENT METHODS ARE USED TO SIMULATE HOW SEISMIC W AVES
TRAVEL THROUGH COMPLEX SUBSURFACE MODELS. THESE SIMULATIONS ARE ESSENTIAL FOR UNDERSTANDING SEISMIC BEHAVIOR
IN HETEROGENEOUS MEDIA, DESIGNING OPTIMAL ACQUISITION PARAMETERS, AND FOR FORW ARD MODELING IN INVERSION
WORKFLOWS. BY ACCURATELY SIMULATING WAVE PROPAGATION, GEOPHYSICISTS CAN BETTER INTERPRET RECORDED SEISMIC
DATA AND PREDICT THE SEISMIC RESPONSE OF VARIOUS GEOLOGICAL SCENARIOS.

MACHINE LEARNING AND ARTIFICIAL INTELLIGENCE IN GEOPHYSICS

MACHINE LEARNING (ML) AND ARTIFICIAL INTELLIGENCE (A|) ARE RAPIDLY TRANSFORMING GEOPHYSICAL DATA PROCESSING AND
INTERPRETATION. ADVANCED APPLICATIONS INCLUDE USING DEEP LEARNING FOR SEISMIC ATTRIBUTE ANALYSIS, FAULT
DETECTION, AND SEISMIC FACIES CLASSIFICATION. ML ALGORITHMS CAN ALSO BE EMPLOYED FOR NOISE ATTENUATION, DATA
INTERPOLATION, AND AUTOMATED INTERPRETATION OF WELL LOG DATA IN CONJUNCTION WITH SEISMIC ATTRIBUTES. THE
ABILITY OF Al TO IDENTIFY COMPLEX PATTERNS IN LARGE DATASETS OFFERS IMMENSE POTENTIAL FOR ACCELERATING DISCOVERY
AND IMPROVING THE ACCURACY OF GEOPHYSICAL INTERPRETATIONS, ESPECIALLY IN BIG DATA ENVIRONMENTS CHARACTERISTIC
OF MODERN EXPLORATION.

GEOSTATISTICAL MODELING

GEOSTATISTICS PROVIDES A FRAMEWORK FOR ANALYZING AND MODELING SPATIAL VARIABILITY IN GEOPHYSICAL DATA.
ADVANCED GEOSTATISTICAL TECHNIQUES, SUCH AS KRIGING AND SEQUENTIAL GAUSSIAN SIMULATION, ARE USED TO GENERATE
REALISTIC 3D MODELS OF SUBSURFACE PROPERTIES, INCORPORATING GEOLOGICAL KNOWLEDGE AND DATA UNCERTAINTIES.
THESE MODELS ARE CRUCIAL FOR RESERVOIR CHARACTERIZATION, RESOURCE ESTIMATION, AND RISK ASSESSMENT. By HONORING
SPATIAL CORRELATIONS AND DATA CONSTRAINTS, GEOSTATISTICAL METHODS PRODUCE MORE RELIABLE AND CONSISTENT
REPRESENTATIONS OF THE SUBSURFACE THAN DETERMINISTIC APPROACHES.

APPLICATIONS OF ADVANCED GEOPHYSICS

THE SOPHISTICATED METHODOLOGIES AND IN-DEPTH UNDERSTANDING PROVIDED BY ADVANCED GEOPHYSICS CONCEPTS FIND
CRITICAL APPLICATIONS ACROSS A WIDE SPECTRUM OF INDUSTRIES AND SCIENTIFIC ENDEAVORS. THESE APPLICATIONS ARE
VITAL FOR SUSTAINABLE RESOURCE MANAGEMENT, INFRASTRUCTURE DEVELOPMENT, AND SAFEGUARDING AGAINST NATURAL
HAZARDS.

® RESOURCE EXPLORATION AND DEVELOPMENT: IDENTIFYING AND CHARACTERIZING HYDROCARBON RESERVOIRS, MINERAL
DEPOSITS, AND GEOTHERMAL ENERGY SOURCES REQUIRES ADVANCED SEISMIC IMAGING, ELECTROMAGNETIC SURVEYS, AND
POTENTIAL FIELD ANALYSIS.

o GEOHAZARD ASSESSMENT: UNDERSTANDING SEISMIC SOURCES, FAULT KINEMATICS, AND GROUND MOTION
CHARACTERISTICS FOR EARTHQUAKE HAZARD ASSESSMENT AND MITIGATION RELIES ON SOPHISTICATED SEISMIC MODELING
AND INVERSION.

® ENVIRONMENTAL GEOPHYSICS: MAPPING GROUNDWATER CONTAMINATION PLUMES, CHARACTERIZING LANDFILL SITES, AND
ASSESSING SUBSURFACE STABILITY FOR CIVIL ENGINEERING PROJECTS UTILIZE EM, |P/ AND GROUND-PENETRATING RADAR
(GPR) TECHNIQUES.

e TECTONIC AND MANTLE STUDIES: INVESTIGATING THE EARTH'S DEEP STRUCTURE, PLATE TECTONICS, AND MANTLE
DYNAMICS IS ACHIEVED THROUGH GLOBAL SEISMIC TOMOGRAPHY AND ADVANCED ANALYSIS OF GRAVITY AND MAGNETIC



ANOMALIES.

e CARBON SEQUESTRATION MONITORING: VERIFYING THE INTEGRITY OF CO2 STORAGE SITES AND MONITORING PLUME
MIGRATION EMPLOYS ADVANCED SEISMIC MONITORING AND TIME-LAPSE IMAGING TECHNIQUES.

ADVANCED SEISMIC INTERPRETATION TECHNIQUES

THE PRECISE MAPPING OF SUBSURFACE STRUCTURES AND LITHOLOGIES IS PARAMOUNT IN HYDROCARBON EXPLORATION.
ADVANCED SEISMIC INTERPRETATION, EMPLOYING SOPHISTICATED ATTRIBUTES AND INVERSION METHODS, ALLOWS
GEOSCIENTISTS TO DISTINGUISH BETWEEN DIFFERENT ROCK TYPES, IDENTIFY FLUID CONTACTS, AND DELINEATE COMPLEX FAULT
SYSTEMS WITH UNPRECEDENTED DETAIL. THIS PRECISION IS VITAL FOR OPTIMIZING DRILLING LOCATIONS AND MAXIMIZING
RECOVERY RATES FROM OIL AND GAS RESERVOIRS. FURTHERMORE, UNDERSTANDING SEISMIC ANISOTROPY IS CRUCIAL FOR
ACCURATE VELOCITY MODELING AND FOR PREDICTING RESERVOIR PROPERTIES INFLUENCED BY STRESS AND FRACTURING.

IN-DEPTH ELECTROMAGNETIC SURVEYING PRINCIPLES

IN THE REALM OF MINERAL EXPLORATION AND GROUNDWATER MANAGEMENT, ADVANCED ELECTROMAGNETIC TECHNIQUES OFFER
INDISPENSABLE TOOLS. FREQUENCY-DOMAIN AND TIME-DOMAIN EM SURVEYS EXCEL AT IDENTIFYING CONDUCTIVE ORE BODIES AND
MAPPING AQUIFER EXTENTS. INDUCED POLARIZATION/ IN PARTICULAR, PLAYS A KEY ROLE IN DETECTING DISSEMINATED SULFIDE
MINERALIZATION, WHICH MIGHT OTHERWISE GO UNNOTICED. THE INTERPRETATION OF THESE EM DATASETS, ESPECIALLY WITH
ADVANCED 3D MODELING, PROVIDES DETAILED INSIGHTS INTO THE SUBSURFACE RESISTIVITY AND CHARGEABILITY DISTRIBUTIONS
GUIDING EXPLORATION EFFORTS AND WATER RESOURCE ASSESSMENTS.

/

SOPHISTICATED GRAVITY AND MAGNETIC DATA PROCESSING

GRAVITY AND MAGNETIC SURVEYS, WHEN SUBJECTED TO ADVANCED PROCESSING AND INTERPRETATION, BECOME POWERFUL
TOOLS FOR UNDERSTANDING REGIONAL GEOLOGY AND DETECTING SUBSURFACE ANOMALIES. DETAILED CORRECTIONS AND
FILTERING TECHNIQUES ALLOW FOR THE ISOLATION OF SUBTLE SIGNALS ORIGINATING FROM GEOLOGICAL STRUCTURES AND
MINERAL DEPOSITS. 3D INVERSION OF POTENTIAL FIELD DATA OFFERS A MORE COMPREHENSIVE UNDERSTANDING OF SUBSURFACE
DENSITY AND MAGNETIC SUSCEPTIBILITY VARIATIONS, ENABLING THE MAPPING OF BURIED INTRUSIONS, FAULT ZONES, AND
SEDIMENTARY BASINS. THESE METHODS ARE ESSENTIAL FOR REGIONAL EXPLORATION AND FOR PROVIDING A STRUCTURAL
FRAMEW ORK FOR MORE DETAILED GEOPHYSICAL INVESTIGATIONS.

CoMPUTATIONAL GEOPHYSICS AND MODELING

THE INTEGRATION OF COMPUTATIONAL POWER AND ADVANCED ALGORITHMS HAS REVOLUTIONIZED GEOPHYSICAL EXPLORATION.
NUMERICAL MODELING OF SEISMIC WAVE PROPAGATION ALLOWS FOR A DEEP UNDERSTANDING OF SEISMIC WAVE BEHAVIOR IN
COMPLEX MEDIA, ENHANCING THE ACCURACY OF SUBSURFACE IMAGING. THE BURGEONING FIELD OF MACHINE LEARNING IS BEING
APPLIED TO AUTOMATE TEDIOUS TASKS, IMPROVE INTERPRETATION ACCURACY, AND EXTRACT MORE VALUE FROM VAST
GEOPHYSICAL DATASETS. GEOSTATISTICAL MODELING FURTHER REFINES SUBSURFACE REPRESENTATIONS BY INCORPORATING
SPATIAL VARIABILITY AND DATA UNCERTAINTIES, LEADING TO MORE ROBUST MODELS FOR RESOURCE ESTIMATION AND RISK
ASSESSMENT.

APPLICATIONS OF ADVANCED GEOPHYSICS



THE PRACTICAL IMPLICATIONS OF ADVANCED GEOPHYSICS ARE FAR-REACHING. IN THE ENERGY SECTOR, THESE TECHNIQUES ARE
INDISPENSABLE FOR THE EFFICIENT AND SAFE EXPLORATION AND PRODUCTION OF HYDROCARBONS AND GEOTHERMAL RESOURCES.
FOR ENVIRONMENT AL PURPOSES, THEY AID IN THE MAPPING OF GROUNDW ATER RESOURCES, THE ASSESSMENT OF CONTAMINATED
SITES, AND THE PLANNING OF INFRASTRUCTURE PROJECTS. FURTHERMORE, ADVANCED GEOPHYSICS PLAYS A CRITICAL ROLE IN
UNDERSTANDING EARTH'S SEISMIC HAZARDS, ENABLING BETTER PREPAREDNESS FOR EARTHQUAKES AND VOLCANIC ACTIVITY. THE
CONTINUOUS DEVELOPMENT IN THIS FIELD PROMISES EVEN MORE SOPHISTICATED TOOLS FOR UNRAVELING THE EARTH'S
MYSTERIES.

ADVANCED SEISMIC INTERPRETATION TECHNIQUES

THE ACCURATE DELINEATION OF SUBSURFACE STRUCTURES IS FUNDAMENTAL TO SUCCESSFUL HYDROCARBON EXPLORATION.
ADVANCED SEISMIC INTERPRETATION, LEVERAGING A SUITE OF SEISMIC ATTRIBUTES SUCH AS COHERENCE, CURVATURE, AND
SPECTRAL DECOMPOSITION, PROVIDES GEOSCIENTISTS WITH THE ABILITY TO IDENTIFY SUBTLE STRATIGRAPHIC FEATURES,
COMPLEX FAULT NETWORKS, AND FLUID INTERFACES WITH REMARKABLE PRECISION. FURTHERMORE, TECHNIQUES LIKE FuLL

W/ AVEFORM INVERSION (F\X/D ARE REVOLUTIONIZING SUBSURFACE IMAGING BY GENERATING HIGHLY DETAILED VELOCITY MODELS,
CRUCIAL FOR OVERCOMING CHALLENGES POSED BY COMPLEX GEOLOGY, SUCH AS IMAGING BENEATH SALT BODIES.
UNDERSTANDING AND CORRECTING FOR SEISMIC ANISOTROPY IS ALSO A KEY ASPECT, AS IT DIRECTLY IMPACTS SEISMIC
VELOCITY AND CAN DISTORT STRUCTURAL INTERPRETATIONS, THUS INFLUENCING THE ACCURACY OF RESERVOIR
CHARACTERIZATION AND HYDROCARBON POTENTIAL ASSESSMENTS.

IN-DEPTH ELECTROMAGNETIC SURVEYING PRINCIPLES

ELECTROMAGNETIC (EM) METHODS OFFER UNIQUE INSIGHTS INTO THE ELECTRICAL PROPERTIES OF THE SUBSURFACE, MAKING THEM
INVALUABLE FOR MINERAL EXPLORATION AND GROUNDWATER STUDIES. ADVANCED APPLICATIONS OF FREQUENCY-DOMAIN
(FDEM) AND TIME-DOMAIN (TDEM) ELECTROMAGNETICS PROVIDE EXCELLENT DEPTH PENETRATION AND RESOLUTION, ALLOWING
FOR THE EFFECTIVE MAPPING OF CONDUCTIVE ORE BODIES OR RESISTIVE RESISTIVE FORMATIONS. INDUCED PoLARIZATION (IP)
TECHNIQUES, IN PARTICULAR, ARE CRITICAL FOR IDENTIFYING DISSEMINATED SULFIDE MINERALIZATION, WHERE TRADITIONAL
RESISTIVITY METHODS MIGHT FAIL. THE INTERPRETATION OF THESE EM DATA, OFTEN AIDED BY SOPHISTICATED 2D anD 3D
INVERSION ALGORITHMS, YIELDS DETAILED MAPS OF SUBSURFACE CONDUCTIVITY AND CHARGEABILITY, GUIDING EXPLORATION
AND RESOURCE MANAGEMENT DECISIONS.

SOPHISTICATED GRAVITY AND MAGNETIC DATA PROCESSING

GRAVITY AND MAGNETIC SURVEYS, WHILE SEEMINGLY SIMPLE IN PRINCIPLE, BECOME POWERFUL EXPLORATION TOOLS WHEN
SUBJECTED TO ADVANCED PROCESSING AND INTERPRETATION. COMPREHENSIVE DATA REDUCTION, INCLUDING PRECISE BouGuer
AND FREE~AIR CORRECTIONS FOR GRAVITY DATA AND DIURNAL AND REGIONAL FIELD CORRECTIONS FOR MAGNETIC DATA, IS
ESSENTIAL. ADVANCED FILTERING TECHNIQUES, SUCH AS UPWARD AND DOWNW ARD CONTINUATION, AND DERIVATIVE
CALCULATIONS (E.G., TOTAL HORIZONTAL DERIVATIVE)I ARE EMPLOYED TO ENHANCE ANOMALY RESOLUTION AND HIGHLIGHT
SUBTLE SUBSURFACE FEATURES. THE APPLICATION OF 3D INVERSION TECHNIQUES TO POTENTIAL FIELD DATA ALLOWS FOR THE
CONSTRUCTION OF DETAILED SUBSURFACE MODELS OF DENSITY AND MAGNETIC SUSCEPTIBILITY, PROVIDING A ROBUST
UNDERSTANDING OF GEOLOGICAL STRUCTURES LIKE BURIED INTRUSIONS, FAULT BLOCKS, AND SEDIMENTARY BASINS.

CoMPUTATIONAL GEOPHYSICS AND MODELING

THE COMPUTATIONAL REVOLUTION HAS PROFOUNDLY IMPACTED ADVANCED GEOPHYSICS, ENABLING COMPLEX SIMULATIONS AND
INVERSIONS. NUMERICAL MODELING OF SEISMIC WAVE PROPAGATION, USING METHODS LIKE FINITE-DIFFERENCE OR SPECTRAL
ELEMENT TECHNIQUES, IS CRUCIAL FOR UNDERSTANDING WAVE BEHAVIOR IN HETEROGENEOUS EARTH MODELS AND FOR GENERATING
SYNTHETIC SEISMOGRAMS THAT AID IN DATA INTERPRETATION. THE INTEGRATION OF MACHINE LEARNING AND ARTIFICIAL
INTELLIGENCE IS ACCELERATING GEOPHYSICAL DATA ANALYSIS, AUTOMATING TASKS SUCH AS SEISMIC ATTRIBUTE ANALYSIS,



FAULT DETECTION, AND FACIES CLASSIFICATION. GEOSTATISTICAL MODELING, EMPLOYING TECHNIQUES LIKE KRIGING AND
SIMULATION, PROVIDES A ROBUST FRAMEWORK FOR GENERATING GEOLOGICALLY PLAUSIBLE 3D MODELS OF SUBSURFACE
PROPERTIES, INCORPORATING SPATIAL VARIABILITY AND DATA UNCERTAINTIES FOR MORE RELIABLE RESOURCE ESTIMATION AND
RISK ASSESSMENT.

APPLICATIONS OF ADVANCED GEOPHYSICS

THE SOPHISTICATED METHODOLOGIES DERIVED FROM ADVANCED GEOPHYSICS CONCEPTS HAVE WIDE-RANGING PRACTICAL
APPLICATIONS. IN THE ENERGY SECTOR, THEY ARE INDISPENSABLE FOR THE EFFICIENT EXPLORATION AND DEVELOPMENT OF
HYDROCARBON AND GEOTHERMAL RESOURCES, AS WELL AS FOR MONITORING CARBON CAPTURE AND STORAGE SITES. For civiL
ENGINEERING AND INFRASTRUCTURE PROJECTS, THESE TECHNIQUES ARE USED TO ASSESS GROUND STABILITY, MAP SUBSURFACE
UTILITIES, AND IDENTIFY POTENTIAL GEOLOGICAL HAZARDS. ENVIRONMENTAL GEOPHYSICS EMPLOYS THESE ADVANCED TOOLS
FOR MAPPING GROUNDW ATER RESOURCES, DELINEATING CONTAMINANT PLUMES, AND CHARACTERIZING WASTE DISPOSAL SITES.
I:URTHERMORE, ADVANCEMENTS IN SEISMOLOGY CONTRIBUTE SIGNIFICANTLY TO EARTHQUAKE HAZARD ASSESSMENT AND
MITIGATION STRATEGIES, ENHANCING OUR UNDERSTANDING OF TECTONIC PROCESSES AND SEISMIC RISKS.

ADVANCED SEISMIC INTERPRETATION TECHNIQUES

MOVING BEYOND RUDIMENTARY SEISMIC ANALYSIS, ADVANCED SEISMIC INTERPRETATION DELVES INTO THE QUANTITATIVE
ASSESSMENT OF SEISMIC ATTRIBUTES TO INFER SUBSURFACE PROPERTIES. T ECHNIQUES SUCH AS SEISMIC FACIES ANALYSIS,
AMPLITUDE VARIATION WITH OFFSET (A\/O) ANALYSIS, AND SEISMIC ATTRIBUTE MAPPING (E.G., CURVATURE, COHERENCE,
SPECTRAL DECOMPOSITION) ARE EMPLOYED TO DELINEATE STRATIGRAPHIC UNITS, IDENTIFY LITHOLOGICAL VARIATIONS, AND
PINPOINT FLUID CONTACTS. FULL W/ AVEFORM INVERSION (F\X/I) REPRESENTS A SIGNIFICANT FRONTIER, UTILIZING THE ENTIRE
SEISMIC WAVEFORM TO GENERATE HIGH-RESOLUTION VELOCITY MODELS, CRUCIAL FOR IMAGING COMPLEX GEOLOGICAL
STRUCTURES LIKE SUBSALT OR OVERPRESSURED ZONES. UNDERSTANDING SEISMIC ANISOTROPY IS ALSO A CRITICAL COMPONENT
AS IT CAN SIGNIFICANTLY AFFECT SEISMIC TRAVEL TIMES AND AMPLITUDES, IMPACTING DEPTH MIGRATION AND RESERVOIR
CHARACTERIZATION. THE ACCURATE INTEGRATION OF THESE ADVANCED TECHNIQUES LEADS TO A MORE ROBUST AND DETAILED
UNDERSTANDING OF THE SUBSURFACE ARCHITECTURE.

’

IN-DEPTH ELECTROMAGNETIC SURVEYING PRINCIPLES

ELECTROMAGNETIC (EM) SURVEYING METHODS OFFER UNIQUE CAPABILITIES FOR PROBING SUBSURFACE ELECTRICAL PROPERTIES,
MAKING THEM VITAL FOR MINERAL EXPLORATION, GROUNDWATER ASSESSMENT, AND NEAR-SURFACE INVESTIGATIONS. ADVANCED
APPLICATIONS OF FREQUENCY-DOMAIN (FDEM) anp TiME-DOMAIN (TDEM) EM, SUCH AS TRANSIENT ELECTROMAGNETIC
METHODS, PROVIDE EXCELLENT DEPTH PENETRATION AND SENSITIVITY TO CONDUCTIVITY VARIATIONS, ENABLING THE MAPPING
OF CONDUCTIVE ORE BODIES, SALINE AQUIFERS, AND CONDUCTIVE CLAY LAYERS. INDUCED POLARIZATION (IP) IS ANOTHER KEY
ADVANCED EM TECHNIQUE, MEASURING THE CHARGEABILITY OF SUBSURFACE MATERIALS, WHICH IS PARTICULARLY EFFECTIVE FOR
DETECTING DISSEMINATED SULFIDE MINERALIZATION THAT MAY NOT BE RESOLVABLE BY RESISTIVITY ALONE. SOPHISTICATED 2D
AND 3D INVERSION ALGORITHMS ARE ESSENTIAL FOR TRANSFORMING RAW EM MEASUREMENTS INTO MEANINGFUL SUBSURFACE
MODELS OF RESISTIVITY AND CHARGEABILITY.

SOPHISTICATED GRAVITY AND MAGNETIC DATA PROCESSING

GRAVITY AND MAGNETIC METHODS, WHILE SENSITIVE TO DENSITY AND MAGNETIC SUSCEPTIBILITY CONTRASTS, REQUIRE
SOPHISTICATED PROCESSING TO EXTRACT MEANINGFUL GEOLOGICAL INFORMATION. ADVANCED DATA REDUCTION INVOLVES
PRECISE CORRECTIONS FOR ELEVATION, LATITUDE, TERRAIN, AND DIURNAL VARIATIONS TO ISOLATE THE ANOMALIES CAUSED BY
SUBSURFACE GEOLOGY. FILTERING TECHNIQUES, SUCH AS UPWARD AND DOWNW ARD CONTINUATION, DERIVATIVE FILTERS (E.G.,
TOTAL HORIZONTAL DERIVATIVE), AND ANALYTIC SIGNAL FILTERS, ARE EXTENSIVELY USED TO ENHANCE ANOMALY RESOLUTION,
SHARPEN ANOMALY EDGES, AND SUPPRESS NOISE. MODERN APPROACHES HEAVILY UTILIZE 3D INVERSION OF POTENTIAL FIELD



DATA TO GENERATE QUANTITATIVE MODELS OF SUBSURFACE DENSITY AND MAGNETIC SUSCEPTIBILITY, OFFERING A MORE
COMPREHENSIVE AND GEOLOGICALLY REALISTIC REPRESENTATION OF BURIED STRUCTURES LIKE INTRUSIVE BODIES, FAULT
SYSTEMS, AND SEDIMENTARY BASINS.

CoMPUTATIONAL GEOPHYSICS AND MODELING

COMPUTATIONAL GEOPHYSICS FORMS THE BEDROCK OF MODERN ADVANCED GEOPHYSICAL INTERPRETATION AND EXPLORATION.
NUMERICAL MODELING OF WAVE PROPAGATION, EMPLOYING TECHNIQUES LIKE FINITE-DIFFERENCE, FINITE-ELEMENT, AND SPECTRAL
METHODS, ALLOWS FOR THE SIMULATION OF COMPLEX SEISMIC WAVE INTERACTIONS WITHIN HETEROGENEOUS EARTH MODELS,
CRITICAL FOR FORWARD MODELING AND FOR UNDERSTANDING SEISMIC SIGNATURES. THE INTEGRATION OF MACHINE LEARNING (ML)
AND ARTIFICIAL INTELLIGENCE (AD IS RAPIDLY TRANSFORMING GEOPHYSICAL DATA PROCESSING AND INTERPRETATION, ENABLING
TASKS SUCH AS AUTOMATED FAULT DETECTION, SEISMIC FACIES CLASSIFICATION, AND THE ENHANCEMENT OF SEISMIC ATTRIBUTE
ANALYSIS. GEOSTATISTICAL MODELING, THROUGH METHODS LIKE KRIGING AND SEQUENTIAL SIMULATION, PROVIDES A
STATISTICALLY RIGOROUS APPROACH TO GENERATING REALISTIC 3D MODELS OF SUBSURFACE PROPERTIES, INCORPORATING
SPATIAL VARIABILITY AND UNCERTAINTY, WHICH ARE ESSENTIAL FOR RESOURCE ESTIMATION AND RISK ASSESSMENT.

APPLICATIONS OF ADVANCED GEOPHYSICS

THE APPLICATIONS OF ADVANCED GEOPHYSICS ARE BROAD AND IMPACTFUL, SPANNING RESOURCE EXPLORATION, ENVIRONMENTAL
ASSESSMENT, AND HAZARD MITIGATION. IN THE OIL AND GAS INDUSTRY, ADVANCED SEISMIC INTERPRETATION AND INVERSION ARE
CRITICAL FOR RESERVOIR CHARACTERIZATION AND HYDROCARBON EXPLORATION. FOR MINERAL EXPLORATION, EM anp IP
SURVEYS, COUPLED WITH SOPHISTICATED INVERSION, ARE ESSENTIAL FOR IDENTIFYING COMMERCIALLY VIABLE ORE DEPOSITS.
ENVIRONMENTAL GEOPHYSICS UTILIZES EM/ GPRI AND |P FOR TASKS SUCH AS GROUNDWATER MAPPING, CONTAMINANT PLUME
DELINEATION, AND THE ASSESSMENT OF SUBSURFACE STABILITY FOR CIVIL ENGINEERING PROJECTS. FURTHERMORE, ADVANCED
SEISMOLOGY IS INDISPENSABLE FOR UNDERSTANDING EARTHQUAKE MECHANISMS, MAPPING ACTIVE FAULTS, AND DEVELOPING
ROBUST SEISMIC HAZARD MODELS, CONTRIBUTING TO SAFER INFRASTRUCTURE AND IMPROVED DISASTER PREPAREDNESS.

ADVANCED SEISMIC INTERPRETATION TECHNIQUES

THE INTERPRETATION OF SEISMIC DATA AT AN ADVANCED LEVEL INVOLVES A DEEP UNDERSTANDING OF HOW SEISMIC WAVES
INTERACT WITH SUBSURFACE GEOLOGICAL MATERIALS. KEY TECHNIQUES INCLUDE THE DETAILED ANALYSIS OF SEISMIC
ATTRIBUTES, WHICH ARE QUANTITATIVE MEASURES DERIVED FROM SEISMIC DATA THAT HIGHLIGHT SPECIFIC GEOLOGICAL
FEATURES. ATTRIBUTES LIKE INSTANTANEOUS AMPLITUDE, FREQUENCY, PHASE, COHERENCE, AND CURVATURE ARE USED TO
DELINEATE FAULTS, FRACTURES, STRATIGRAPHIC PINCH-OUTS, AND FLUID CONTACTS. FULL W AVEFORM INVERSION (FW/1) IS A
POWERFUL TECHNIQUE THAT USES THE ENTIRE SEISMIC WAVEFORM TO ITERATIVELY UPDATE A VELOCITY MODEL, LEADING TO
SIGNIFICANTLY IMPROVED SUBSURFACE IMAGING, ESPECIALLY IN COMPLEX GEOLOGICAL SETTINGS. UNDERSTANDING SEISMIC
ANISOTROPY IS ALSO CRUCIAL, AS IT ACCOUNTS FOR THE DIRECTIONAL DEPENDENCE OF SEISMIC WAVE VELOCITIES, WHICH CAN
AFFECT SEISMIC IMAGING AND THE PREDICTION OF ROCK PROPERTIES, PARTICULARLY IN FRACTURED RESERVOIRS OR LAYERED
SEDIMENTARY SEQUENCES.

IN-DEPTH ELECTROMAGNETIC SURVEYING PRINCIPLES

ELECTROMAGNETIC (EM) SURVEYING METHODS PROBE THE SUBSURFACE BY MEASURING ITS ELECTRICAL PROPERTIES, SUCH AS
CONDUCTIVITY AND CHARGEABILITY. ADVANCED EM TECHNIQUES, INCLUDING FREQUENCY-DOMAIN (FDEM) AND TIME-DOMAIN
(TDEM) ELECTROMAGNETICS, ARE USED TO MAP VARIATIONS IN CONDUCTIVITY OVER WIDE DEPTH RANGES. TDEM METHODS, IN
PARTICULAR, ARE HIGHLY EFFECTIVE FOR DELINEATING CONDUCTIVE TARGETS LIKE MASSIVE SULFIDES OR LARGE AQUIFERS.
INDUCED PoLARIZATION (IP) IS ANOTHER ADVANCED EM TECHNIQUE THAT MEASURES THE CHARGEABILITY OF ROCKS, WHICH IS
OFTEN INDICATIVE OF DISSEMINATED METALLIC MINERALIZATION OR CERTAIN TYPES OF CLAY. SOPHISTICATED INVERSION
ALGORITHMS ARE ESSENTIAL FOR TRANSLATING EM DATA INTO DETAILED 2D AND 3D MODELS OF SUBSURFACE ELECTRICAL



PROPERTIES, GUIDING EXPLORATION AND RESOURCE ASSESSMENT.

SOPHISTICATED GRAVITY AND MAGNETIC DATA PROCESSING

GRAVITY AND MAGNETIC DATA, WHILE PROVIDING BROAD COVERAGE OF SUBSURFACE DENSITY AND MAGNETIC SUSCEPTIBILITY
VARIATIONS, REQUIRE EXTENSIVE PROCESSING TO YIELD USEFUL GEOLOGICAL INFORMATION. ADVANCED PROCESSING INVOLVES
APPLYING PRECISE CORRECTIONS TO RAW MEASUREMENTS, SUCH AS BOUGUER AND FREE-AIR CORRECTIONS FOR GRAVITY DATA,
AND DIURNAL AND REGIONAL FIELD CORRECTIONS FOR MAGNETIC DATA. FILTERING TECHNIQUES, INCLUDING UP\WARD AND
DOWNWARD CONTINUATION, DERIVATIVE CALCULATIONS (E.G., TOTAL HORIZONTAL DERIVATIVE, ANALYTIC SIGNAL), AND
SPECTRAL FILTERING, ARE EMPLOYED TO ENHANCE ANOMALIES OF INTEREST, SUPPRESS NOISE, AND IMPROVE THE RESOLUTION OF
SUBSURFACE FEATURES. 3D INVERSION OF POTENTIAL FIELD DATA IS A CORNERSTONE OF MODERN INTERPRETATION, ALLOWING
FOR THE CONSTRUCTION OF DETAILED SUBSURFACE MODELS OF DENSITY AND MAGNETIC SUSCEPTIBILITY THAT BETTER REPRESENT
COMPLEX GEOLOGICAL STRUCTURES.

CoMPUTATIONAL GEOPHYSICS AND MODELING

THE ADVENT OF POWERFUL COMPUTING HAS ENABLED SOPHISTICATED NUMERICAL MODELING AND INVERSION TECHNIQUES IN
GEOPHYSICS. COMPUTATIONAL GEOPHYSICS INVOLVES USING NUMERICAL METHODS, SUCH AS FINITE-DIFFERENCE OR FINITE-
ELEMENT METHODS, TO SIMULATE THE PROPAGATION OF SEISMIC WAVES THROUGH COMPLEX EARTH MODELS. THIS IS CRUCIAL
FOR FOR\W ARD MODELING, UNDERSTANDING W AVE PHENOMENA, AND FOR INVERSION PROCESSES. MACHINE LEARNING AND
ARTIFICIAL INTELLIGENCE (AD ARE INCREASINGLY APPLIED TO AUTOMATE INTERPRETATION WORKFLOWS, ENHANCE SEISMIC
ATTRIBUTE ANALYSIS, AND IMPROVE THE EFFICIENCY OF DATA PROCESSING. GEOSTATISTICAL MODELING, UTILIZING TECHNIQUES
LIKE KRIGING AND SIMULATION, PROVIDES A ROBUST FRAMEWORK FOR GENERATING REALISTIC 3D MODELS OF SUBSURFACE
PROPERTIES THAT HONOR SPATIAL CORRELATIONS AND DATA UNCERTAINTIES, ESSENTIAL FOR RISK ASSESSMENT AND RESOURCE
ESTIMATION.

APPLICATIONS OF ADVANCED GEOPHYSICS

THE PRACTICAL APPLICATIONS OF ADVANCED GEOPHYSICS ARE DIVERSE AND CRITICAL FOR SEVERAL INDUSTRIES. IN THE ENERGY
SECTOR, ADVANCED SEISMIC INTERPRETATION IS INDISPENSABLE FOR HYDROCARBON EXPLORATION AND RESERVOIR
CHARACTERIZATION. FOR MINERAL EXPLORATION, EM anp IP METHODS, ALONG WITH POTENTIAL FIELD ANALYSIS, ARE USED TO
IDENTIFY AND DELINEATE ORE BODIES. ENVIRONMENTAL GEOPHYSICS EMPLOYS THESE TECHNIQUES FOR GROUNDWATER MAPPING,
CONTAMINANT SITE CHARACTERIZATION, AND GEOTECHNICAL INVESTIGATIONS. FURTHERMORE, ADVANCED SEISMOLOGY PLAYS A
VITAL ROLE IN EARTHQUAKE HAZARD ASSESSMENT, UNDERSTANDING TECTONIC PROCESSES, AND MONITORING GEOLOGICAL
STRUCTURES FOR CARBON SEQUESTRATION PROJECTS. THE CONTINUOUS DEVELOPMENT IN COMPUTATIONAL METHODS AND
DATA ANALYSIS IS FURTHER EXPANDING THE CAPABILITIES AND APPLICATIONS OF ADVANCED GEOPHYSICS.

FREQUENTLY ASkeD QUESTIONS

QZ \WHAT IS THE PRIMARY GOAL OF ADVANCED SEISMIC INTERPRETATION TECHNIQUES?

A: THE PRIMARY GOAL OF ADVANCED SEISMIC INTERPRETATION IS TO EXTRACT A SIGNIFICANTLY GREATER AMOUNT OF DETAILED
SUBSURFACE GEOLOGICAL INFORMATION FROM SEISMIC DATA THAN IS POSSIBLE WITH BASIC METHODS. THIS INCLUDES PRECISE
MAPPING OF STRATIGRAPHY, LITHOLOGY, FLUID CONTENT, AND COMPLEX STRUCTURAL FEATURES, LEADING TO MORE ACCURATE
SUBSURFACE MODELS FOR EXPLORATION AND DEVELOPMENT.



Q: How poes FuLL W AverorM INVERSION (F\W/1) DIFFER FROM TRADITIONAL SEISMIC
MIGRATION?

A: TRADITIONAL SEISMIC MIGRATION PRIMARILY FOCUSES ON THE TRAVEL TIMES OF SEISMIC WAVES TO RECONSTRUCT
SUBSURFACE REFLECTIVITY. IN CONTRAST, FULL W AVEFORM INVERSION (F\W/I) UTILIZES THE ENTIRE SEISMIC WAVEFORM,
INCLUDING AMPLITUDE AND PHASE INFORMATION, TO ITERATIVELY UPDATE A SUBSURFACE VELOCITY MODEL. THIS ALLOWS F\/|
TO ACHIEVE MUCH HIGHER RESOLUTION AND ACCURACY IN VELOCITY MODELS, PARTICULARLY IN AREAS WITH COMPLEX
GEOLOGY.

Q: IN WHAT SCENARIOS ARE ELECTROMAGNETIC (EM) SURVEYING METHODS
PARTICULARLY ADVANTAGEOUS?

A: ELECTROMAGNETIC SURVEYING METHODS ARE PARTICULARLY ADVANTAGEOUS IN SCENARIOS WHERE SUBSURFACE ELECTRICAL
PROPERTIES PROVIDE CRUCIAL INFORMATION, SUCH AS IDENTIFYING CONDUCTIVE MINERAL DEPOSITS (E.G., MASSIVE SULFIDES),
MAPPING GROUNDW ATER RESOURCES AND AQUIFERS, AND INVESTIGATING NEAR-SURFACE CONTAMINATION PLUMES. THEY CAN
ALSO BE EFFECTIVE IN AREAS WHERE SEISMIC IMAGING IS CHALLENGING DUE TO COMPLEX GEOLOGY.

Q: WHAT IS THE ROLE OF MACHINE LEARNING IN ADVANCED GEOPHYSICS?

A: MACHINE LEARNING PLAYS A TRANSFORMATIVE ROLE IN ADVANCED GEOPHYSICS BY AUTOMATING COMPLEX INTERPRETATION
TASKS, ENHANCING THE EXTRACTION OF SUBTLE FEATURES FROM LARGE DATASETS, AND IMPROVING THE EFFICIENCY OF DATA
PROCESSING. APPLICATIONS INCLUDE SEISMIC FACIES CLASSIFICATION, FAULT DETECTION, ATTRIBUTE ANALYSIS, AND THE
DEVELOPMENT OF PREDICTIVE MODELS FOR SUBSURFACE PROPERTIES.

Q: CAN ADVANCED GEOPHYSICS BE USED TO PREDICT THE LIKELIHOOD OF
EARTHQUAKES?

A: WHILE GEOPHYSICS CANNOT PREDICT THE EXACT TIMING OF EARTHQUAKES, ADVANCED SEISMOLOGY AND RELATED
DISCIPLINES ARE CRUCIAL FOR ASSESSING SEISMIC HAZARDS. THIS INVOLVES MAPPING ACTIVE FAULT SYSTEMS, UNDERSTANDING
STRESS ACCUMULATION, MODELING GROUND MOTION, AND CHARACTERIZING THE SEISMIC POTENTIAL OF A REGION, ALL OF WHICH
CONTRIBUTE TO HAZARD ASSESSMENT AND MITIGATION STRATEGIES.

Q: HOwW DO GEOSTATISTICAL MODELING TECHNIQUES IMPROVE SUBSURFACE
CHARACTERIZATION?

A: GEOSTATISTICAL MODELING TECHNIQUES IMPROVE SUBSURFACE CHARACTERIZATION BY PROVIDING A STATISTICALLY
RIGOROUS FRAMEWORK TO BUILD 3D MODELS OF SUBSURFACE PROPERTIES THAT HONOR OBSERVED DATA AND ACCOUNT FOR
SPATIAL VARIABILITY AND UNCERTAINTY. THIS RESULTS IN MORE REALISTIC AND RELIABLE MODELS FOR RESOURCE ESTIMATION,
RISK ASSESSMENT, AND DECISION-MAKING COMPARED TO DETERMINISTIC METHODS.

Q: WHAT ARE THE KEY CHALLENGES IN APPLYING ADVANCED GEOPHYSICAL
TECHNIQUES?

A: KEY CHALLENGES IN APPLYING ADVANCED GEOPHYSICAL TECHNIQUES INCLUDE THE HIGH COMPUTATIONAL COST OF
SOPHISTICATED MODELING AND INVERSION, THE NEED FOR SPECIALIZED EXPERTISE IN DATA PROCESSING AND INTERPRETATION, THE
ACQUISITION OF HIGH-QUALITY DATA IN CHALLENGING ENVIRONMENTS, AND EFFECTIVELY INTEGRATING MULTIDISCIPLINARY
DATASETS TO CREATE A COMPREHENSIVE SUBSURFACE UNDERSTANDING.
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