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\\ Critical problem solving with mathematical geoscience
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Optimisation

Multifractal analysis Singularity analysis

Compositional data analysis L Multivariate statistics
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Mathematical morphology
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The mission of the IAMG is to promote worldwide the advancement of
mathematics, statistics and informatics in the geosciences.
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REVIEW SUMMARY

GEOPHYSICS

Dee p't| me Di g ital Earth N!achine l(.%al‘nil.lg for data-driyen

A Earth Science machine
learning and Al moving
ahead but with big,
structured data

A Access to long tail

geoscience data more
difficult g

discovery in solid Earth geoscience

Karianne J. Bergen, Paul A. Johnson, Maarten V. de Hoop, Gregory C. Beroza*

EARTH AND ENVIRONMENTAL SCIENCES | NATURE INDEX

BIG I]ATA GUES GREEN
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PERSPECTIVE

Deep learning and process understanding
for data-driven Earth system science

Markus Rechstein*, Gustay Camps-Yalls®, Bjorn Stevers?, Martin Jung', Joachim Dersder™, Nuno Carvalhais’* & Prabhat™
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Mission: harmonise global
Deep-time Digital Earth
data and share global
geoscience knowledge
Vision: Transform Earth

science

Science, Feb. 26, 2019

DATA SHARING

Earth scientists plan
a ‘geological Google’

China is backing an international effort to meld
geoscience databases into a one-stop data shop

By Dennis Normile of the proposed work,” she says.

In December 2018, DDE won the backing
he British Geological Survey (BGS) | of the executive committee of the Interna-
has amassed one of the world’s pre- | tional Union of Geological Sciences, which
mier collections of geologic samples, | said ready access to the collected geodata
Housed in three enormous warehouses | could offer “insights into the distribution
in Nottingham, UK., it contains about | and value of earth’s resources and materials,
3 million fossils gathered over more | as well as hazards—while also providing a

Deep-time Digital Earth aims to liberate data from
collections such as the British Geological Survey's.

informatics and data management. GBDB
instead pays nonspecialists to input reams
of data gleaned from earth science journals
covering Chinese findings. Then, paleonto-
logists and stratigraphers review the data for
accuracy and consistency, and information
technology specialists curate the database
and create software to search and analyze the
data. Consistent funding also contributed to
GBDB’s success, MacLeod says. Although it
started small, Fan says GBDB now runs on
“several million” yuan per year.

Earth scientists outside China began to use
GBDB, and it became the official database
of the International Commission on Strati-
graphy in 2012. BGS decided to partner with
GBDB to lift its data “from the page and into
cyberspace,|
other Euroj
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Talk Outline

A Effective decisiormakingto support resource assessment,
environmental management and understand the implications for
human health practices, in sustainable and esfé¢ctive ways,
requiresspatial data analysis and robust informed insight

A We will discuss the different types of geoscience data avaitafstam
remotely sensed data to ground sampled soils and waters.

A What are thedata analytical challenge S ¥ OS dza Ay 3 Wi
geoscience data?

A What are theopportunities for greater use of machine learning
techniquesto complement current spatial data analysis approaches to
RSOSt 2L GKS 3IS23aO0ABokintegrateda (2 2f |
insightful interpretation.
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Lo ] ern
Economy Northe

www.economy-ni.gov.uk Celebrating 70 years: 1947 -2017

Prof Mark Cooper, Geological Survey Northern Ireland states
(geoENV 2018, Belfast, UK 2018)

Geological Survey in the form of mapping, research and
modelling, underpin and is required to make informed
decisions on for example, resource exploration,
environmental assessment, urban and infrastructure

development.
We face growing, globalcale impacts of climate change,
through sedlevel rise, changes in seasonal patterns,
increased frequency and severity of extreme weather

events, combined with the continuing issue of population
growth.

In the future how will countries manage loss of land,
resources, major cities and infrastructure in coastal and
Increased geohazard areas?

What resources will be needed to rehome displaced

populations?

#GSNI70



Geological Survey

Rialtas na hEireann Suirbhéireacht Gheolaiochta
Government of Ireland Ireland | Eireann

Dr Mairéad Fitzsimons, Geological Survey Ireland

describes the longerm stakeholder product strategy
(geoENV 2018, Belfast, UK 2018)

New workstream in Tellus with dedicated
resources to produce highly applied, user
focused products
Geostatisticsspatial data analysis and Al
tellus@gsi.ie will play a key role in product
development; adding value to raw data by

: understanding underlying processes and
@TellusGSI on twitter multivariate relationships in space

www.tellus.ie

WWw.gsi.ie
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Wetland ecology Groundwater Radon risk
contaminant mapping
plumes
Mining
impacts on
stream
sediments Water
Fresh/
marine water
interactions ' - ‘
Environment

Twig ephiphytes
and air quality

Diffuse atmospheric pollution

signatures in soil

& health
~applications

Mining pollution

Caesium 137

Trace element
bioaccessibility

Renal disease

Human
health

Risk assessment

Normal background
concentrations

Peatlands
biogeochemistry

Soil mapping

SO"‘ Terrerstrial Sr
isotope budgets

Soil carbon

Roinn Cumarsadide, Gniomhaithe
ar son na hAerdide & Comhshaoil

Peat depth

Department of Communications,
Climate Action & Environment
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Agricultural applications w

Sample

Trace element . o

PH Status deficiency and excess delsy  Permeability /
and drainage

Soil
Nutrient Efe]iNdl:lpglle=] physical
HGLEC  properties properties
availability
Airborne
geophysics
Carbon
status . f Y I LS
Agricultural
applications
Optimising soil Farm ?eptﬂmiziSE:r;o':;mic
monitoring frequency economics L PUBE

Roinn Cumarsdide, Gniomhaithe
a2 ar son na hAerdide & Comhshaoil
Y] Department of Communications,
' Climate Action & Environment
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What are the
different types
of geoscience
data?




Department for the Geological
N I Survey of
E Northern
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www.economy-ni.gov.uk Celebrating 70 years: 1947 -2017

The Tellus Project

C Managed by the Geological Survey of Northern Ireland (GSNI) and funded by the
Department of Enterprise Trade and Development
A National scale injection

of geoscience data
20042011

A The data comprise
multi-source airborne
geophysics collected by
a specialist survey
aircraft

I Magnetics
I Natural radioactivity
i Electrical Conductivity

Magnetics

Natural
radioactivity

Electrical
conductivity

© Crown Copyright and database rights MOU205
http://www.bgs.ac.uk/gsni/tellus/map_viewer/application/magnetics_tmi.html 4GSNITO
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www.economy-ni.gov.uk Celebrating 70 years: 1947 -2017

Tellus Project - soil geochemistry data

- Collection of soil, stream-sediment and stream water
samples from 57 20 cm depth in rural and urban areas.

-1 collated sample collected at 2km? intervals )

Tellus Survey
GSNI sampling strategy e

4 > & K3
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35,000 Kilometers
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#GSNI70



Department for the

Economy

www.economy-ni.gov.uk

Geological
Survey of
Northern
Ireland

Celebrating 70 years: 1947 -2017

Geological mapping

A Bedrock

A Superficial deposits

A Various scales, UK & Ireland 1:1,250,000 to 10k
NIDigMap

#GSNI70
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Geological Survey, Ireland (GSI) and Geological
Survey of Northern Ireland (GSNI)

frellus is a ground and airborne geoscience
mapping programme, collecting chemical and
geophysical data that will inform the
management of | r e | aendromnent and
natural resources0 (data available at
www.tellus.ie).

Geochemical surveys of soil: topsoil, steam water
and stream sediment

#GSNI70


http://www.tellus.ie/

Geophysical and geochemical —
mapping for the island of Ireland

A CurrentRepublic of Ireland phases managed by Geological
Survey Ireland

A Funded by the Irish Government through the Department of
| 2YYdzy AOF GA2yas [ fAYFOG&M! OUA2Z2Y VY
pa)

A Key part of government Statement of Strategy under Natural
Resources 2018019:

To exploit and manage our inland fisheries, mineral,
hydrocarbon and other geological resources in a
sustainable and productive manner




Sample type collected Analytical method Chemical determinands /

SR G T A G ER T ETR GRS X-ray fluorescence spectrometry K, Ca, Ti, Mn, Fe, S, Cl, Sc, V, Cr, Co, Ni, Cu, Zn,

im grain size) (XRFS) Ga, Ge, As, Se, Br, Rb, Sr, Zr, Nb, Mo, Nd, Sm, Yb,
Hf, Ta, W, Tl, Pb, Bi, Th, U, Ag, Cd, In, Sn, Sb, Te,
1, Cs, Ba, La, Ce, Na, Mg, Al, Si, P, Ba, Y Tel | us d ata
Lead collection fire assay for precious aval I ab I e at .
group elements www.tellus.ie

Stream water (filtered to <0.45 pum) |CP-MS Li, Be, B, Na, Mg, Al, Si, P, S, K, Ca, V, Cr, Mn, Fe,
Co, Ni, Cu, Zn, Ga, As, Se, Rb, Sr, Y, Zr, Nb, Ag, Cd,
Sn, Sb, Cs, Ba, La, Ce, Pr, Nd, Sm, Eu, Th, Tm, Yb,
Lu, Hf, Ta, W, TI, Pb, Bi, Th, U, Ti, Mo, Gd, Dy, Ho,
Er

lon chromatography Cl, S0,%, NOs, Br, NO,, HPO,*, F

Organic carbon (NPOC) analyser

Stream water pH, specific electrical
conductivity, total alkalinity
(bicarbonate)

Topsoil (c.5-20 cm deep) ICP(-OES/-MS) following aqua regia  [AUS =5 EReE e ol S0 (O Y P ) O T o

digestion S, S, Ti, V, Zn, Zr, Ag, As, Be, Bi, Cd, Ce, Co, Cs,
Ga, Ge, Hf, Hg, In, La, Lu, Mo, Nb, Pb, Rb, Sh, Sc,
Se, Sn, Ta, Th, Te, Th, Tl, U, W, Y, Yb

X-ray fluorescence spectrometry K, Ca, Ti, Mn, Fe, S, Cl, Sc, V, Cr, Co, Ni, Cu, Zn,

(XRFS) Ga, Ge, As, Se, Br, Rb, Sr, Zr, Nb, Mo, Nd, Sm, Yb,
Hf, Ta, W, TI, Pb, Bi, Th, U, Ag, Cd, In, Sn, Sh, Te,
I, Cs, Ba, La, Ce, Na, Mg, Al, Si, P, Ba, Y

Soil pH (by CaCl,) and soil loss-on-
ignition at 450°C
Geological Survey

Suirbhéireacht Gheolaiochta £ Roinn Cumarsdide, Gniomhaithe
Ireland | Eireann ar son na hAerdide & Cm:nhslham]
i fiF Department of Communications,

Climate Action & Environment



http://www.tellus.ie/
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Ordinance Survey Ireland Licence No. EN 0047221
© Ordnance Survey Iretand / Government of Ireland
© Crown Copyright 2021

Irish Transverse Mercator (IRENET9S)

Merged Geophysics Data

A Over 300,000 lindkm of
data (inc NI).

A Over 50,000 krh

A Over 50 Million data
points
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Alntegrating data collected over different ,
sampling supports

AUnderstanding and acknowledging nature
of the data

AHow do you define and indicate a
baseline?

AProducing robust and meaningful results
AProviding insight working with partners

Data Issues

What are the opportunities to
develop the use of machine learning?
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Fine fraction /

stream sediment

Low order  § 150 pm
streams, small & Tellus data
catchments available at
scale www.tellus.ie

Suite ofstream water
samples:

1. 2x filtered waters

G2 noénp xY T tFo
2. 2x unfiltered

samples: pH, HGO

SEC (-TDS)

Quality controlled
field information,
observations,
geclocations,
contaminationetc.

Panning fotheavy Shallow and

mineral deepersaoil
concentrate samples, average
<2mm fraction 1 per 4 km

Geological Surve . . L
Suirbhéi & 3 y y Roinn Cumarsdide, Gniomhaithe
HIERB R Gl e L ar son na hAerdide & Comhshaoil
Ireland | Ei H . P
reen reann | i Department of Communications,

Climate Action & Environment
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Integrating data collected
$ over different sampling
supports



Improving estimation for mineral exploration

Secondary data: Natural radioactivity

Danie Krige Commemorative Edition of The
Saimm Journal, 2015 vol 114, pp. 575-586.

J0 Updated post probabilities

Prior data
soil -
geochemistry



