
Data, data 

everywhere! 

Data driven challenges in 
Geoscience 

Prof Jenny McKinley

Geography
Director: Centre for GIS and Geomatics, 
School of Natural and Built Environment, 
Queen's University Belfast, UK

Councilor IUGS 

Vice President, Governing 
Council DDE

Past President of the 
International Association 
of Mathematical 
Geoscientists (IAMG) 

Geoscience meets Data science: Researcher Links Workshop 



2

Singularity analysis

Numerical modelling 

and simulation

Machine learning
Big data analytics
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Geoinformaticsmultiïpoint geostatistics
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Mathematical morphology

Compositional data analysis

The IAMG - A Global Network
Critical problem solving with mathematical geoscience 

https://iamg.org/

The mission of the IAMG is to promote worldwide the advancement of 

mathematics, statistics and informatics in the geosciences. 





ÅEarth Science machine 
learning and AI moving 
ahead but with big, 
structured data

ÅAccess to long tail 
geoscience data more 
difficult 

Deep-time Digital Earth



Mission and vision

ü Mission: harmonise global 

Deep-time Digital Earth 

data and share global 

geoscience knowledge

ü Vision: Transform Earth 

science

Science, Feb. 26, 2019



Talk Outline

ÅEffective decision-making to support resource assessment, 
environmental management and understand the implications for 
human health practices, in sustainable and cost-effective ways, 
requires spatial data analysis and robust informed insight. 

ÅWe will discuss the different types of geoscience data available ςfrom 
remotely sensed data to ground sampled soils and waters. 

ÅWhat are the data analytical challenges ǿŜ ŦŀŎŜ ǳǎƛƴƎ ΨōƛƎΩ 
geoscience data? 

ÅWhat are the opportunities for greater use of machine learning 
techniquesto complement current spatial data analysis approaches to 
ŘŜǾŜƭƻǇ ǘƘŜ ƎŜƻǎŎƛŜƴǘƛǎǘΩǎ ǘƻƻƭƪƛǘ ǘƻǿŀǊŘǎ ŀ more integrated, 
insightful interpretation. 



#GSNI70

Prof Mark Cooper, Geological Survey Northern Ireland states

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, global-scale impacts of climate change, 

through sea-level 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? 

(geoENV 2018, Belfast, UK 2018)



Dr MairéadFitzsimons, Geological Survey Ireland
describes the long-term stakeholder product strategy 

tellus@gsi.ie

@TellusGSI on twitter

www.tellus.ie 

www.gsi.ie

New workstream in Tellus with dedicated 
resources to produce highly applied, user-

focused products
Geostatistics, spatial data analysis and AI 

will play a key role in product 
development; adding value to raw data by 
understanding underlying processes and 

multivariate relationships in space

(geoENV 2018, Belfast, UK 2018)





Practical potential demonstrated; challenges explored

ÅtǊŜǎŜƴǘƛƴƎ ΨǊŀǿΩ ƎŜƻŎƘŜƳƛŎŀƭ ƳŀǇǎ ŦƻǊ ŀƎǊƛŎǳƭǘǳǊŀƭ 
decision-making at farm-level

ÅTrace element deficiencies/excesses

ÅLinking to Teagasc animal and crop indices for certain 
elements

ÅpH status

Sustainable intensification of agriculture while safeguarding 
environment and minimising farm costs

Agricultural applications
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What are the 
different types 
of geoscience 
data?



#GSNI70

The Tellus Project 
ςManaged by the Geological Survey of Northern Ireland (GSNI) and funded by the 

Department of Enterprise Trade and Development
ÅNational scale injection 

of geoscience data 
2004-2011

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

ïMagnetics

ïNatural radioactivity

ïElectrical Conductivity

© Crown Copyright and database rights MOU205 

http://www.bgs.ac.uk/gsni/tellus/map_viewer/application/magnetics_tmi.html

Magnetics

Electrical 

conductivity

Natural 

radioactivity



#GSNI70

0 35,000 Kilometers

±

·Collection of soil, stream-sediment and stream  water 
samples from 5 ï20 cm depth in rural and urban areas. 

· 1 collated sample collected at 2km2 intervals )

Tellus Project  - soil geochemistry data

Tellus Survey

GSNI sampling strategy



#GSNI70

Geological mapping
ÅBedrock 

ÅSuperficial deposits

ÅVarious scales, UK & Ireland 1:1,250,000 to 10K 
NIDigMap



#GSNI70

Tellus

Geological Survey, Ireland (GSI) and Geological

Survey of Northern Ireland (GSNI)

ñTellus is a ground and airborne geoscience

mapping programme, collecting chemical and

geophysical data that will inform the

management of Irelandôsenvironment and

natural resourcesò (data available at

www.tellus.ie).

Geochemical surveys of soil: topsoil, steam water

and stream sediment

http://www.tellus.ie/


Geophysical and geochemical 
mapping for the island of Ireland

Å CurrentRepublic of Ireland phases managed by Geological 
Survey Ireland

Å Funded by the Irish Government through the Department of 
/ƻƳƳǳƴƛŎŀǘƛƻƴǎΣ /ƭƛƳŀǘŜ !Ŏǘƛƻƴ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘ όϵо-4M 
pa)

Å Key part of government Statement of Strategy under Natural 
Resources 2016-2019:

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



Tellus data 

available at 

www.tellus.ie

http://www.tellus.ie/


Merging Geophyics

Merged Geophysics Data

ÅOver 300,000 line-km of 
data (inc NI).
ÅOver 50,000 km2

ÅOver 50 Million data 
points



Data issues

Å5ŜŀƭƛƴƎ ǿƛǘƘ ΨōƛƎΩ ƎŜƻŘŀǘŀ

ÅIntegrating data collected over different 
sampling supports

ÅUnderstanding and acknowledging nature 
of the data

ÅHow do you define and indicate a 
baseline?

ÅProducing robust and meaningful results

ÅProviding insight ςworking with partners

What are the opportunities to 
develop the use of machine learning? 



Handling 
ΨōƛƎΩ 
geodata



Fine fraction 
stream sediment

150 µmLow order 
streams, small 

catchments 
scale

Suite of stream water 
samples:

1. 2x filtered waters 
ǘƻ лΦпр ҡƳ Ҧ ƭŀō

2. 2x unfiltered 
samples: pH, HCO3

-

SEC (~TDS)

Quality controlled 
field information, 

observations, 
geo-locations, 

contamination etc.

Shallow and 
deeper soil

samples, average 
1 per 4 km2

Panning for heavy 
mineral 

concentrate
<2mm fraction

Tellus data 

available at 

www.tellus.ie

http://www.tellus.ie/




Integrating data collected 
over different sampling 
supports
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Danie Krige Commemorative Edition of The 

Saimm Journal, 2015 vol 114, pp. 575-586.

Secondary data: Natural radioactivity

Prior data

soil 

geochemistry

Updated post probabilities

Improving estimation for mineral exploration


