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III Parts
1: Planetary Imaging with Seismology
2: Africa’s Crust with Noise
3: Outreach and Opportunities

Earth Imaging, Signals and Algorithms



Planetary Vibrations (Seismology)
Study of elastic waves (ground vibrations) that propagate through planetary interiors – gives info on the 
medium (rocks) through which the waves propagate as well as info about the source that created the waves

http://drive.google.com/file/d/1PnySH98gc7tOEeVZy621cHPYSirmdfNq/view


Milestones in Seismology

Oldest Devices Instruments + Recording Device Permanent Records

China, 132 BC (Zhang) Spring-mass Pendulum Potsdam Germany,  1889 

Ernst von Rebeur-Paschwitz

First Seismogram

J Seismol (2012) 16:315–343
DOI 10.1007/s10950-011-9272-5

http://drive.google.com/file/d/14G2CmccnG4xqfELePd-MklGm1I4eI4K0/view
http://drive.google.com/file/d/1PnySH98gc7tOEeVZy621cHPYSirmdfNq/view


Location + Source
=            Plate Tectonics



Global Coverage = Earth Structure



II:
Africa’s Crust from Noise Maps

Mining Signals from Noise



Structure & Composition of  the Deep Crust

Sammon, McDonough & Mooney (Essoar, 2021)



Ingest 40 yrs of Data

← Improve Data Coverage

Our Contribution: ADAMA

Olugboji  & Xue (SRL, 2022)



Waveform Catalog:  1 Million Daily Records

Olugboji & Xue (SRL, 2022)



Waves from Noise
Rayleigh + Love Surface Waves

Rayleigh

Love

Prieto, 2012
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Methodology Tomography 101: Solving for an Earth Model (Velocity Maps)



Optimization vs Probability

Cf: Sambridge, 2014

Data fit or log likelihood function Samples from posterior pdf



Bayesian Adaptive Tomography

Olugboji  et al. (2024)



GDM52

ADAMA1

Litho1.0

Ekstrom

Ma & Masters
Olugboji & Xue, 2022

Model Assessment: Love (40s)



Each Pixel is a 1D model @ Point ‘D’

ADAMA update

ADAMA all Pixels
Is there Information in ADAMA?

Olugboji et al. (Gcubed, 2024)



The Sequencer:  Finding Patterns

An unsupervised Machine Learning Approach
Baron and Menard (2021)
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Olugboji et al. (Gcubed, 2024)

Sequencer+ADAMA = Taxonomy



Legacy: CRUST1→ Litho1
Data: Incomplete

Start: Crust Types (Bias)

* New Data Types, e.g. Ambient Noise→
* Include Information on Uncertainty
↓ Test the Assumption of Crustal Types

New Directions

Mooney, Reviews of Geophy, 2007

ADAMA: Ambient Noise + Equakes + Receiver functions

No a-priori model parameterization
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Olugboji  et al. (2023), Gcubed, in press

New Taxonomy ≠ Old ADAMA (New)

CRUST1.0

ECM1



Rayleigh

Love

Olugboji  et al. (2024), Gcubed



Congo Craton

Olugboji & Xue, 2022

Olugboji  et al. (2023)



Tectonic & Geological Tapestry Taxonomy from Machine Learning

Olugboji et al. (Gcubed, 2024)Begg et al. (Goesphere, 2009)



Part III: Outreach
And Opportunities



Earthquakes Hazards West Africa

Marine Geophysics +
Seismic  Oceanography

Wave Propagation

Computational Imaging

Facilities:                        
Sensors, HPCs, GPUs

Signal processing: Radon Transforms, Noise Suppression.
Planetary Imaging

Legre, J.

Xue, S.

Hennings, W. Zhou, E.

Zhang, Z.

Carr, S.

Lu, X.

Liu, B.

Decoding Volcanic Hazards with ATOS
ATOS: AI-Atlas of Ocean Sounds



Take:   Create & Share Inspire:
Courses                                                             New Knowledge                                            Broader Impacts
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PhD
/RAs

Support
PIs + Funding

Sayan Swar Margaret Maenner

Dr. O (PI)

Planetary Imaging & Earth Hazards
(Circa 2026)

Baowei Liu

Chris P-G Tej B.K



Other Ques?
Thanks


