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In the contemporary landscape of geophysical exploration, the utilization of aeromagnetic surveys has become a
cornerstone for mapping subsurface geological structures. From the identification of hydrocarbon-bearing basins in
Colombia and Nigeria to the delineation of mineral-rich zones in the Altiplano of Bolivia, aeromagnetic data
provides a non-invasive, cost-effective, and highly detailed overview of the Earth's basement architecture. This
article provides an exhaustive technical analysis of the methodologies, mathematical frameworks, and practical
applications involved in aeromagnetic structural interpretationand the evaluation of hydrocarbon and mineral
prospects.

Fundamental Principles of Aeromagnetic Surveys

Aeromagnetic surveys measure the variations in the Earth's magnetic field caused by the magnetic properties of
subsurface rocks. The primary physical property under investigation is magnetic susceptibility, which is the
degree to which a substance can be magnetized in the presence of an external magnetic field. In most exploration
scenarios, the magnetic response is dominated by magnetiteand other ferromagnetic minerals found within
basement rocks and volcanic sequences.

The Physics of Magnetic Anomalies

Magnetic anomalies are the deviations from the expected theoretical magnetic field of the Earth. These anomalies
are categorized into two types: induced magnetism, which is proportional to the current Earth's field, and
remanent magnetism, which is the permanent magnetization acquired by the rock during its formation or
subsequent metamorphic events. The total magnetic intensity (TMI) recorded by an airborne magnetometer
represents the vector sum of these components, influenced by the geometry, depth, and susceptibility of the source
body.

Technical Workflow for Data Processing and Enhancement

Raw aeromagnetic data contains various types of noise and regional effects that must be removed or corrected to
isolate the signals of interest. The interpretation process typically follows a rigorous computational workflow.

1. Pre-Processing and Corrections

« Diurnal Correction: Removal of temporal variations in the Earth's magnetic field caused by solar activity.

¢ IGRF Removal: Subtracting the International Geomagnetic Reference Field to isolate local crustal anomalies
from the global core field.

» Tie-line Leveling: Minimizing discrepancies at the intersection of flight lines and tie lines to ensure a seamless
data grid.

2. Data Enhancement Filters

To delineate structural features such as faults, folds, and dykes, specific mathematical filters are applied to the TMI
grid:



* Reduction to the Pole (RTP): This operation transforms the magnetic data as if it were collected at the
magnetic pole (where inclination is 90 degrees). This centers the anomalies directly over their causative sources,
simplifying the interpretation of symmetrical bodies.

 Vertical Derivatives (FVD and SVD): The First Vertical Derivative (FVD) acts as a high-pass filter, enhancing
shallow features and sharpening the edges of magnetic anomalies. The Second Vertical Derivative (SVD) is even
more sensitive to near-surface variations, making it ideal for mapping narrow lineaments and contact zones.

« Tilt Derivative (TDR): A normalization technique that allows for the simultaneous visualization of shallow and
deep-seated structures by computing the ratio of the vertical derivative to the total horizontal gradient.

¢ Analytic Signal (AS): A technique that produces maxima over magnetic contacts regardless of the direction of
magnetization. It is particularly useful in areas where remanent magnetization complicates the RTP process.

Structural Interpretation and Mapping

Structural interpretation involves identifying linear and circular features within the processed magnetic grids that
correspond to geological realities. These features are often referred to as lineaments.

Identifying Fault Systems and Fractures

Faults often manifest as linear gradients or offsets in the magnetic fabric. By analyzing the horizontal gradient
magnitude, geophysicists can pinpoint the exact location of structural discontinuities. In basins like the Dahomey
Basin or the Bida Basin in Nigeria, mapping these basement faults is critical because they often control the
migration pathways for hydrocarbons or act as traps for mineralization.

Delineating Basement Architecture

The basement topography plays a significant role in sedimentary basin evolution. Aeromagnetic data allows for the
estimation of the Depth to Basement, which defines the thickness of the sedimentary cover. This is a vital metric
for hydrocarbon exploration, as a minimum sedimentary thickness is required for the thermal maturation of organic
matter.

Quantitative Analysis: Depth Estimation Models
Beyond qualitative mapping, quantitative techniques are used to estimate the burial depth of magnetic sources.

These models are grounded in potential field mathematics.

Euler Deconvolution

Euler Deconvolution uses the gradients of the magnetic field to locate the position and depth of magnetic sources.
The fundamental equation is the Euler’'s Homogeneity Equation:
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Where (x €, y €, z €) is the position of the source, T is the detected field, B is the regional backgroundNaiscthe
Structural Index (SI). The Sl varies based on the geometry of the target:



Geological Feature Structural Index (SI) Description

Contact/Fault 0.0-0.5 Step-like discontinuities in
susceptibility.

Sill/Dyke 1.0 Thin, sheet-like bodies.

Pipe/Cylinder 2.0 Vertical or horizontal cylindrical
features.

Sphere/Point Source 3.0 Localized, compact magnetic bodies.

Source Parameter Imaging (SPI)

The SPI method is another popular technique for automated depth estimation. Unlike Euler Deconvolution, SPI
does not require the user to pre-define a structural index. It calculates the depth based on the local wave number of
the analytic signal, providing a continuous depth-to-source map that is highly effective for large-scale basin analysis.

Evaluation of Hydrocarbon and Mineral Prospects

The interpretation of High-Resolution Aeromagnetic (HRAM)data provides specific indicators for economic
resource potential.

Hydrocarbon Prospects

While hydrocarbons themselves are non-magnetic, aeromagnetic surveys identify the structural framework
necessary for their accumulation. Key indicators include:

* Basement Highs: These may serve as structural traps for oil and gas.

e Graben and Horst Systems: Delineating the geometry of rift basins helps predict the location of source rocks
(in grabens) and reservoirs (on horsts).

¢ Micromagnetic Anomalies: Occasionally, hydrocarbon seepage can induce the formation of secondary
magnetic minerals (like magnetite or greigite) in the shallow subsurface, creating subtle magnetic "halos."

Mineral Prospects (Gold and Base Metals)

In mineral exploration, particularly in regions like Egypt or Bolivia, aeromagnetic data is used to find hydrothermal
alteration zones. Gold mineralization is often associated with quartz veins that follow structural shear zones or
faults. The integration of aeromagnetic data with Landsat-8multispectral data allows geologists to correlate
subsurface structures with surface mineral signatures (such as hydroxyl or iron oxide anomalies), significantly
narrowing down exploration targets.

Case Study Syntheses

1.The Altiplano, Bolivia

Studies conducted over the Altiplano utilized qualitative reviews of total magnetic intensity to identify deep-seated
structural lineaments. The integration of magnetic data helped distinguish between volcanic sequences and
sedimentary basins, facilitating the evaluation of both mineral and hydrocarbon potential in a complex tectonic
setting.

2. Southern Bida (Nupe) Basin, Nigeria



In this region, structural analysis revealed a series of NE-SW trending lineaments. Depth estimation via spectral
analysis indicated that the sedimentary thickness varies significantly, identifying sub-basins with sufficient depth for
potential source rock maturation. The presence of intrusive bodies (dykes) was also mapped, which provides
insight into the thermal history of the basin.

3. Selected Areas of Colombia

Aeromagnetic structural interpretation in Colombia focused on the evaluation of hydrocarbon prospects by mapping
the interaction between the crystalline basement and the overlying sedimentary sequences. The data highlighted
the role of strike-slip faulting in creating compartmentalized reservoirs.

Comparison of Interpretation Methodologies

The following table compares different approaches to aeromagnetic data interpretation to guide project managers
in selecting the appropriate methodology.



Methodology Primary Use Case Advantages Limitations

Qualitative Interpretation Regional reconnaissance, Fast, provides broad Lacks depth precision and
tectonic mapping. geological context. specific geometry.

Spectral Analysis Regional depth-to- Statistically robust for large Provides average depths;
basement estimation. areas. loses local detail.

Euler Deconvolution Detailed structural High spatial precision for Sensitive to noise and Sl
mapping (faults/dykes). source location. selection.

Forward/Inverse Modeling Drill-hole targeting, Provides 3D geometry and Requires significant
resource estimation. susceptibility. computing and prior data.

Implementation Guide: A Step-by-Step Procedure for Explorers

1. Survey Design: Define flight line spacing based on target depth. For high-resolution (HRAM) work, spacing
should be 100m to 500m.

2. Data Acquisition: Utilize high-sensitivity alkali-vapor magnetometers. Ensure GPS synchronization for precise
positioning.

3. Regional-Residual Separation: Apply filtering techniques to separate the deep-seated regional magnetic field
from the shallow residual anomalies of interest.

4. Edge Enhancement: Apply First and Second Vertical Derivatives to map the boundaries of geological units
and structural lineaments.

5. Depth Modeling: Conduct Euler Deconvolution or Source Parameter Imaging to establish the vertical
dimension of the basin or ore body.

6. Integrated Interpretation: Overlay magnetic lineaments with satellite imagery (Landsat-8/ASTER) and
seismic data to validate structural models.

Operational Challenges and Solutions

Despite its utility, aeromagnetic interpretation faces several operational hurdles.

Challenge: Remanent Magnetization. Rocks magnetized in a different magnetic field orientation than the current
one can shift anomalies away from their true source. Solution: Use the Analytic Signal or Total Gradientmethods,
which are less sensitive to magnetization direction.

Challenge: Cultural Noise. Pipelines, power lines, and buildings create high-frequency magnetic noise. Solution:
Apply non-linear filters and manual data de-spiking during the pre-processing stage to clean the signal without
losing geological data.

Challenge: Non-Uniqueness. Different geological configurations can produce the same magnetic response.
Solution: Constrain interpretation using Geological Ground Truth(borehole data) and other geophysical methods
(gravity or seismic).

Future Directions in Aeromagnetic Interpretation

The field is moving toward the integration of Artificial Intelligence (Al) and Machine Learning (ML) for automated
lineament extraction. These algorithms can identify subtle patterns in the magnetic fabric that may be missed by
human interpreters. Furthermore, the use of UAV-based (Drone) Magnetometryis revolutionizing the industry by



allowing for ultra-high-resolution surveys in inaccessible terrains at a fraction of the cost of fixed-wing aircraft.

The synthesis of structural interpretation and prospect evaluation remains a dynamic and vital discipline. As
evidenced by the successful applications in West Africa, South America, and the Middle East, the ability to decode
the magnetic signature of the Earth is essential for securing the energy and mineral resources of the future.
Through rigorous mathematical application, advanced filtering, and integrated geological analysis, aeromagnetic
data continues to provide the clarity needed to navigate the complexities of the subsurface.

Tags: #Aeromagnetic Survey #Structural Interpretation #Hydrocarbon Exploration #Mineral Prospecting #Geophysical Data
Processing



Page 1 of 6



Page 2 of 6



Page 3 of 6



Page 4 of 6



Page 5 of 6



Page 6 of 6



