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Understanding Aeromagnetic Structural Interpretation and Evaluation of
Subsurface Features

When it comes to exploring the hidden layers of the Earth, few tools are as powerful and versatile as aeromagnetic
surveys. By measuring minute variations in the planet's magnetic field, scientists can infer the presence, shape,

and orientation of geological structures that lie beneath the surface. The process of turning raw magnetic data into

a coherent picture of subsurface geology is known as aeromagnetic structural interpretation and evaluation of
those structures. In this article, we will walk through the principles, techniques, and practical applications of
aeromagnetic interpretation, offering a comprehensive guide for geoscientists, survey planners, and anyone
interested in the science behind magnetic imaging.

1.The Basics of Aeromagnetic Surveys

1.1 What Is an Aeromagnetic Survey?

An aeromagnetic survey involves flying a magnetometer—an instrument that measures the strength and direction
of magnetic fields—along predetermined flight lines over a target area. The magnetometer records variations in the
Earth's magnetic field caused by differences in the magnetic properties of subsurface rocks. These variations, or
anomalies, can reveal the presence of intrusive bodies, fault zones, volcanic features, and other geological
structures.

1.2 How Magnetic Anomalies Form

Every rock type has a characteristic magnetic susceptibility, which determines how it responds to an external
magnetic field. When a rock with high susceptibility, such as a mafic intrusion, is buried beneath less magnetic
rocks, it creates a localized increase (positive anomaly) in the magnetic field. Conversely, a low-susceptibility body
can produce a decrease (negative anomaly). The shape, amplitude, and spatial extent of these anomalies depend
on the geometry of the source, its depth, and the surrounding geology.

1.3 Key Instrumentation and Flight Parameters

* Magnetometers: Fluxgate, proton precession, and optically pumped sensors are common, each offering
different sensitivities and noise characteristics.

¢ Flight Altitude: Typically ranges from 300 to 1,200 meters above ground level; higher altitudes increase
coverage but reduce resolution.

¢ Flight Speed: Maintained at a steady pace (often 200—-300 km/h) to ensure consistent data acquisition.

e Data Sampling Rate: Usually 10-20 Hz, balancing detail with file size.

¢ Ground Truthing: GPS, ground magnetic stations, and borehole logs provide reference points for calibration.

2. From Raw Data to Meaningful Maps
2.1 Data Preprocessing
Before interpretation can begin, raw magnetic data must be cleaned and corrected. The primary steps include:

1. Baseline Correction: Removing long-wavelength variations caused by the Earth’s main field and diurnal



changes.
2. Diurnal Correction: Accounting for daily variations in the Earth's magnetic field using reference stations.
3. Instrument Drift Correction: Compensating for sensor drift over time.
4. Noise Filtering: Applying band-pass or low-pass filters to suppress high-frequency noise.
5. Topographic Correction: Adjusting for magnetic effects caused by variations in topography.

2.2 Data Visualization

Once cleaned, the data can be visualized in several ways:

e Contour Maps: Show lines of equal magnetic intensity, highlighting the shape of anomalies.

¢ Color Grids: Provide a continuous representation of magnetic intensity.

e 3 D Models: Combine multiple flight lines to generate three-dimensional representations of subsurface
structures.

e Gradient and Second Derivative Maps: Enhance edges and sharp features, aiding in the identification of fault
lines.

2.3The Role of GIS in Aeromagnetic Interpretation

Geographic Information Systems (GIS) allow for the integration of magnetic data with other spatial datasets such
as geological maps, remote sensing imagery, and seismic surveys. Overlaying magnetic contours with known
lithological units helps validate interpretations and refine structural models.

3. Core Principles of Aeromagnetic Structural Interpretation

3.1 Identifying Anomaly Morphology

Structural interpretation begins by classifying anomaly shapes:

 Linear Anomalies: Often indicative of fault zones or dikes.
« Elliptical or Circular Anomalies: Suggestive of sills, lacunae, or volcanic intrusions.
e Complex or Irregular Anomalies: May represent folded strata or composite structures.

3.2 Depth Estimation Techniques

Determining the depth to the source is crucial for evaluating the geological significance of an anomaly. Common
methods include:

¢ Amplitude Analysis: Relating anomaly magnitude to source depth via attenuation models.

 Derivative Analysis: Using first and second derivatives to locate edges and infer depth.

« Forward Modeling: Constructing theoretical models of potential sources and adjusting parameters until the
simulated anomaly matches the observed data.

* Inversion Modeling: Employing mathematical inversion to recover the most probable source distribution that
explains the magnetic data.

3.3 Structural Interpretation Workflow

Preliminary Assessment: Visual inspection of raw maps to identify obvious anomalies.

Data Processing: Applying corrections and generating cleaned maps.

Feature Extraction: Using edge-detection algorithms to delineate anomaly boundaries.

Depth Modeling: Estimating source depth through amplitude or derivative methods.

Forward Modeling: Creating 2 D or 3 D models of candidate structures.

Validation: Comparing model outputs with borehole data, seismic sections, or geological maps.
Interpretation Report: Documenting findings, uncertainties, and recommendations.
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4. Evaluation of Structural Significance

4.1 Assessing Economic Potential

Aeromagnetic structural interpretation is a cornerstone of mineral exploration. By pinpointing potential ore bodies—
such as magnetite or sulfide deposits—explorers can focus drilling efforts on high probability targets, saving time
and resources.

4.2 Environmental and Engineering Applications

Beyond mineral exploration, magnetic interpretation informs:

* Geotechnical Engineering: Identifying fault zones that may affect foundation stability.
« Hydrogeology: Mapping fracture networks that control groundwater flow.
¢ Environmental Impact Assessments: Detecting buried waste repositories or contamination plumes.

4.3 Risk Assessment and Uncertainty Analysis

Every interpretation carries uncertainty. Factors such as data noise, model assumptions, and geological complexity
can affect confidence levels. Techniques to quantify uncertainty include:

e Monte Carlo Simulations: Randomly sampling model parameters to generate a distribution of possible
outcomes.

¢ Bayesian Inference: Combining prior geological knowledge with magnetic data to update probability
distributions.

e Cross Validation: Comparing results from multiple interpretation methods.

5. Advanced Techniques in Aeromagnetic Interpretation

5.1 Magnetotelluric Coupling

Integrating aeromagnetic data with magnetotelluric (MT) surveys provides complementary insights. While magnetic
data highlight resistive or conductive bodies, MT data reveal electrical properties, enabling a more comprehensive
subsurface model.

5.2 Joint Inversion with Seismic Data

Joint inversion couples magnetic and seismic datasets, leveraging the strengths of each. Magnetic data constrain
lithological boundaries, while seismic data provide velocity information, resulting in more robust structural models.

5.3 Machine Learning Applications

Recent advances in artificial intelligence have opened new avenues for interpreting magnetic data. Convolutional
neural networks (CNNs) can automatically detect anomaly patterns, while unsupervised clustering algorithms can
classify anomaly types without human bias. These tools accelerate the interpretation workflow and reduce operator
subjectivity.

6. Case Studies: Success Stories in Aeromagnetic Interpretation

6.1 The Carajas Mineral Province, Brazil

In the Carajas region, aeromagnetic surveys identified a series of linear anomalies aligned with known fault zones.
Subsequent drilling confirmed the presence of high grade iron ore deposits, illustrating the method’s effectiveness in
complex terrains.

6.2 The Mid Atlantic Ridge, Atlantic Ocean



Marine aeromagnetic data from the Mid Atlantic Ridge revealed a series of symmetric magnetic stripes, confirming
the theory of seafloor spreading and plate tectonics. These observations have become foundational evidence in

geology.
6.3 The San Andreas Fault, California

High resolution aeromagnetic mapping of the San Andreas Fault zone helped delineate the fault’s lateral extent and
depth to the fault core. The data informed seismic hazard models and guided infrastructure planning.

7. Practical Tips for Conducting Effective Aeromagnetic Surveys

7.1 Planning and Logistics
» Define Objectives: Clarify whether the survey is for exploration, engineering, or environmental assessment.
¢ Select Flight Lines: Optimize spacing and orientation based on target geology and desired resolution.
¢ Coordinate with Authorities: Obtain necessary permits for flight and data collection.
7.2 Data Acquisition Best Practices
e Maintain Constant Speed: Ensures uniform data density.
¢ Use Ground Reference Stations: Provides real time calibration and diurnal correction.
¢ Collect Redundant Data: Overlaps between flight lines help identify and correct anomalies.
7.3 Post Processing and Interpretation Workflow

¢ Automate Corrections: Use software pipelines to apply baseline, diurnal, and topographic corrections.

e Employ Multi Scale Analysis: Analyze data at both coarse and fine resolutions to capture broad trends and fine
details.

¢ Validate with Independent Data: Cross check interpretations against borehole logs, seismic sections, or
geological maps.

8. Software Tools for Aeromagnetic Interpretation

Several commercial and open source platforms facilitate aeromagnetic data processing and interpretation:

¢ Geosoft Oasis Montaj: Offers comprehensive tools for data correction, visualization, and modeling.

« MagIC (Magnetic Information Center): A free, web based platform for data sharing and basic analysis.
* MagPro: Focuses on forward modeling and inversion for aeromagnetic data.

e Python Libraries (PyGIMLI, ObsPy): Provide flexibility for custom workflows and advanced modeling.

9. Future Directions in Aeromagnetic Structural Interpretation

9.1 UAV Based Magnetometry

Unmanned aerial vehicles (UAVsS) equipped with lightweight magnetometers are emerging as cost effective
alternatives for small scale surveys, especially in urban or restricted areas.

9.2 Real Time Data Processing

Advancements in edge computing enable real time corrections and preliminary interpretations during flight, allowing
for adaptive survey strategies.

9.3 Integration with 4D Monitoring

Combining aeromagnetic data with time lapse seismic or GPS monitoring can reveal dynamic processes such as
magma movement or fault creep.
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