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Background

e Licenciate in Physics (UNR, Argentina)

e PhD in Geophysics (CONICET & UNSJ, Argentina)

e Postdoc Researcher at UBC

e Former member of the ™ Computer-Oriented Geoscience Lab

e Core developer of # Fatiando a Terra
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Gravitational fields in
spherical coordinates



Tesseroids
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a.k.a. spherical prisms



Tesseroids

VAT Solution:
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a.k.a. spherical prisms



Constant density tesseroids
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Variable density tesseroids
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Developed new method

e Gravitational fields of variable density tesseroids
e Density: continuous function of depth
e Open-source Python implementation
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Developed new method

e Gravitational fields of variable density tesseroids
e Density: continuous function of depth
e Open-source Python implementation

from numba 1mport njit
import harmonica as hm

def linear density(radius):
origin, slope = ...
return slope * radius + origiln

gravity = hm.tesseroid gravity (
coordinates, tesseroilds, linear density, field="g z"

)
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Developed new method

e Gravitational fields of variable density tesseroids
e Density: continuous function of depth
e Open-source Python implementation

def linear density(radius):
origin, slope = ...
return slope * radius + origiln



Developed new method

e Gravitational fields of variable density tesseroids
e Density: continuous function of depth
e Open-source Python implementation

9 gravity = hm.tesseroid gravity (
10 coordinates, tesseroilds, linear density, field="g z"
11 )
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SUMMARY

We present a new methodology to compute the gravitational fields generated by tesseroids

Soler et al. (2019). doi: 10.1093/gji/ggz277
Preprint: 10.31223/0sf.io/3548g
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Gradient-boosted equivalent sources



Equivalent sources
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Equivalent sources

grid points
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. e Always produce harmonic fields

v data points e Consider the observation heights
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THE PROBLEM

Require too much computational load

e 200.000 data points
e +200.000 equivalent sources
e =~300GB RAM



THE SOLUTION

Gradient-boosted equivalent sources

e |[nterpolate very large datasets
e Significant reduction in required memory
e Open-source Python implementation
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THE SOLUTION

Gradient-boosted equivalent sources

e |[nterpolate very large datasets
e Significant reduction in required memory
e Open-source Python implementation

import verde as vd
import harmonica as hm

egs = hm.EquivalentSourcesGB (
depth=depth, damping=damping, window size=window size
)

egs.fit (coordinates, data)

grid coords = vd.grid coordinates (
region, spacilng, extra coords=height

)

grid = egs.grid(grid coords)



THE SOLUTION

Gradient-boosted equivalent sources

e |[nterpolate very large datasets
e Significant reduction in required memory
e Open-source Python implementation

4 eqgs = hm.EquivalentSourcesGB (
5 depth=depth, damping=damping, window size=window size
6

)



THE SOLUTION

Gradient-boosted equivalent sources

e [nterpolate very large datasets
e Significant reduction in required memory
e Open-source Python implementation

/7 eqgs.fit (coordinates, data)



THE SOLUTION

Gradient-boosted equivalent sources

e |[nterpolate very large datasets
e Significant reduction in required memory
e Open-source Python implementation

9 grid coords = vd.grid coordinates (

10 region, spacilng, extra coords=height
11 )

12 grid = egs.grid(grid coords)



Gridding +1.7 million gravity data points
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Gridding +1.7 million gravity data points
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Gradient-boosted equivalent sources

Santiago R Soler ™, Leonardo Uieda

Geophysical Journal International, Volume 227, Issue 3, December 2021,
Pages 1768-1783, https://doi.org/10.1093/gji/ggab297
Published: 24 August 2021 Article history v
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SUMMARY

The equivalent source technique is a powerful and widely used method
for processing gravity and magnetic data. Nevertheless, its major
drawback is the large computational cost in terms of processing time
and computer memory. We present two techniques for reducing the
computational cost of equivalent source processing: block-averaging
source locations and the gradient-boosted equivalent source
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Open-source software development
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Fatiando a Terra

An open toolbox for the Geosciences

Fatiando provides & Python libraries for data processing, modeling, and inversion

across the Geosciences.

It is built by a community of geoscientists and software developers with a passion
for well-designed tools and helping our peers.

All of our code is free and open-source, distributed under the permissive BSD

3-clause license.

+& Get started with Fatiando
www.fatiando.org


https://www.fatiando.org/

The libraries



@ Verde

Spatial data processing and interpolation with
a Machine Learning flavour

E fatiando.org/verde
() fatiando/verde


https://www.fatiando.org/verde
https://github.com/fatiando/verde

Boule

@ Verde

Spatial data processing and interpolation with Reference ellipsoids and normal gravity
a Machine Learning flavour calculations
E fatiando.org/verde E fatiando.org/boule

() fatiando/verde () fatiando/boule


https://www.fatiando.org/verde
https://github.com/fatiando/verde
https://www.fatiando.org/boule
https://github.com/fatiando/boule

@ Verde

Spatial data processing and interpolation with
a Machine Learning flavour

E fatiando.org/verde
() fatiando/verde

A Harmonica

Processing and modelling potential fields
data

E fatiando.org/harmonica

() fatiando/harmonica

Boule

Reference ellipsoids and normal gravity
calculations

E fatiando.org/boule
() fatiando/boule


https://www.fatiando.org/verde
https://github.com/fatiando/verde
https://www.fatiando.org/boule
https://github.com/fatiando/boule
https://www.fatiando.org/harmonica
https://github.com/fatiando/harmonica

@ Verde

Spatial data processing and interpolation with
a Machine Learning flavour

E fatiando.org/verde
() fatiando/verde

A Harmonica

Processing and modelling potential fields
data

E fatiando.org/harmonica

() fatiando/harmonica

Boule

Reference ellipsoids and normal gravity
calculations

E fatiando.org/boule
() fatiando/boule

Q‘ Pooch

A friend to download and cache your data

E fatiando.org/pooch
() fatiando/pooch
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https://github.com/fatiando/pooch
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Who is using Fatiando?
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Quanti’fativc unccrtainty :ulal}-'sis of grm’ity

disturbance. The case of the Geneva Basin

Geophysical Jourmnal Intemational Advance Access published October 17, 2016

Fast non-linear gravity inversion in spherical coordinates

with application to the South American Moho

Leonardo Uleda®=, Valerna C. B Barbosa®

Evaluating the accuracy of
equivalent-source predictions using
cross-validation

Leonardo Uieda® and Santiago Soler®
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Lithospheric Control on Asthenospheric Flow From
the Iceland Plume: 3-D Density Modeling of the Jan
Mayen-East Greenland Region, NE Atlantic
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A recommender system for automatic picking of
subsurface formation tops

Jasge A, Pasl, Joshua A, Dierker, Sanya Srivastava, Samera B. Ravil=saity, Michael J. Pyncz
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Classifying basin-scale stratigraphic geometries
from subsurface formation tops with machine
learning
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Abstract

Presented here is a transfer-learning moded for classifying basin-scale
stratigraphic geametries from subsurface formation (ops, Support

wector, decision rees, random foresis, AdaBoost and K-nearest
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Pooch: A friend to fetch your data files
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Research and open-source software
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Research and open-source software
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Current research




Carbon mineralization

Serpentinization

olivine £ orthopyroxene@ ——» serpentine * talc + brucite + R1
sereentivzaTion  Ni-Fe alloys and Ni-Fe sulphide

e Serpentinized rocks react with CO2

carbonation e Mineralize in carbonated rocks
R R N e Carbon sequestration with ultramafic rocks
serpentine + magnetite +.CO2 Cm mate+ta|c+HIJ R3
) —— mae+quartz R4

Cutts et al. (2021). doi:
Mitchinson et al., (2020). ISBN: 978-0-88865-470-0
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Physical properties

erpentinize arbonated
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Density and susceptibility change with alteration



Research opportunity:

Geophysical inversion for assessing
carbonation potential



Goals

e
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e Gravity + magnetic data s

e 3D joint inversions
e Characterize volume and depth of rocks
with carbonation potential

0.218



Contact

% ssoler@eoas.ubc.ca
& www.santisoler.com
() @santisoler

@ @santisoler@scicomm.xyz
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Muchas gracias | Thank you
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