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A
S THE Society’s 

Year of 

Sustainability 

draws to a close, I’ve 

been reflecting on 

the UN’s Sustainable 

Development Goals 

(SDGs). I was somewhat 

confused by them when they 

launched in 2015 because I 

struggled to understand just how 

we’d achieve such lofty targets, and 

particularly how we’d coordinate 

our efforts and measure progress.

To refresh, the goals include 

the eradication of poverty, 

clean energy, good health, 

economic growth, sustainable 

cities, climate action, peace and 

reduced inequality. In a year that 

has been witness to record-

breaking heatwaves across several 

continents, the continuing brunt of 

Covid-19, economic turmoil, and 

the Russian invasion of Ukraine, it 

can feel like we’re going backwards. 

So, while it’s impossible to do 

justice to the broad contributions of 

geoscience in achieving the SDGs, 

we have drawn together articles 

that highlight some ongoing work 

in this endeavour.    

The creation of a more circular 

economy is key to achieving many 

of the SDGs. Currently there is 

no single reference point for the 

flow of technology metals – those 

essential for renewable energy 

infrastructure, for example – 

through the UK’s economy, so 

Frances Wall and colleagues discuss 

efforts to rectify this (p. 20). Colin 

Serridge highlights a similar dearth 

of information relating to the 

use of aggregates in the ground 

engineering sector (p. 16). 

As geoscientists, we appreciate 

that a fully closed-loop circular 

economy isn’t currently feasible 

– mining is essential to 

achieve the SDGs. The 

success of any mining 

project relies on the social 

licence to operate, and 

the Practices to People 

workshop (p. 46) offers 

communication training 

and an operational framework, 

based on the perspectives of  

social scientists, sustainability 

practitioners and exploration 

geologists. Similarly, discussions at 

a recent Energy Transition meeting 

(p. 44) focused on the need for 

a holistic approach to ensure a 

socially and environmentally  

just energy transition. 

Other articles in this issue 

highlight efforts to facilitate 

discussions between experts, 

policy makers and financiers to 

identify barriers to investment in 

low-carbon technologies (p. 58), as 

well as coordinated bids to improve 

access to offshore data that will 

ensure the energy transition can 

progress at pace (p. 19).

Two timely articles discuss 

mitigation strategies to combat 

extreme heat in our cities (p. 38) 

and the need for a national 

effort to decarbonise residential 

heating, particularly given the 

current energy crisis (p. 42). 

Although somewhat tangential to 

geoscience, the success of such 

projects requires collaboration 

with geoscientists and geological 

engineers – and we’re interested 

to hear from readers working on 

specific case studies. 

A major focus of the SDGs is 

reduced inequality. On page 34 

the Equator team discuss efforts 

to increase access to geoscience, 

highlighting the impossibility 

of achieving an equitable and 

sustainable future if we don’t have 

equity within our own discipline.

Overall, the emerging picture is 

encouraging – it is one of cross-

disciplinary collaboration and 

united effort to rapidly move things 

forward and force meaningful change.

A M Y  W H I T C H U R C H ,  

E X E C U T I V E  E D I T O R

Editor’s welcome

As geoscientists, 
we appreciate that 
a fully closed-loop 
circular economy isn’t 
currently feasible

The magazine of the Geological Society of London

The Geological Society 
Burlington House

Piccadilly

London W1J 0BG

+44 (0)20 7434 9944

enquiries@geolsoc.org.uk 
(Not for Editorial)

Publishing House
The Geological Society 
Publishing House, Unit 7 
Brassmill Enterprise Centre 

Brassmill Lane 

Bath BA1 3JN

+44 (0)1225 445046
sales@geolsoc.org.uk 

Library 
+44 (0)20 7432 0999

library@geolsoc.org.uk

EDITOR-IN-CHIEF:  
Prof Andy Fleet

DEPUTY EDITOR-IN-CHIEF: 
Mr David Shilston
EXECUTIVE EDITOR:
Dr Amy Whitchurch
ASSISTANT EDITOR
Dr Marissa Lo
geoscientist@geolsoc.org.uk  

EDITORIAL  
ADVISORY PANEL
Mrs Natalyn Ala
Mr Steve Branch

Dr Robin Cocks
Mr Edmund Nickless

Dr Alan Roberts

Dr Colin Summerhayes
Prof Frances Wall

Prof Jan Zalasiewicz

GEOSCIENTIST 
CONTRIBUTORS TEAM
Ms Sade Agard

Dr Philip Ball

Ms Hannah Bird

Ms Lucy Blennerhassett

Prof Gerald (Jerry) Dickens

Mr Stephen McHugh 
Ms Amelia Jane Piper  
Dr R. Arun Prasath 
Dr Colin Serridge

Mr Kyle Watts

Trustees of the Geological 
Society of London 2022–23
Ms Ruth Allington (President)

Mrs Joanna Alexander

Prof Mark Allen

Prof Mark Anderson

Dr Anna Bird
Dr Natasha Dowey 

Miss Hollie Fisher 
Dr Neil Frewin 

Dr Jennie Gilbert  
(Secretary, Science)
Dr Joel Gill (Secretary, 
Foreign and External Affairs)

Mr Martin Griffin
Prof James Griffiths 
(Secretary, Professional 
Matters)

Dr Michael Kehinde
Dr Daniel Le Heron

Mr Ben Lepley 
Mr Peter Loader 

Dr Keith Myers (Treasurer) 
Dr Amanda Owen 

Dr John Perry
Ms Gemma Sherwood  
(Vice President  
– Regional Groups)

Prof Robin Strachan 
(Secretary, Publications)
Miss Lucy Thomas 

Mrs Lucy Williams

The Geological Society 
of London is a Registered 
Charity, number 210161.

ISSN (print) 0961-5628 

ISSN (online) 2045-1784

© 2022 The Geological Society of London

Cover image: A ‘Super Pit’ mine in Kalgoorlie, Western Australia. The gold 
extracted from this mine is an important technology metal. 

W I N T E R  2 0 2 2

V O L .  3 2  |  N O .  0 4

Geoscientist is published four times per year on behalf of  

The Geological Society of London by 

www.jamespembrokemedia.co.uk





5GEOSCIENTIST.ONLINE  |  WINTER 2022

The Geological Society of London accepts no responsibility for the 

views expressed in any article in this publication. All views expressed, 

except where explicitly stated otherwise, represent those of the 

author, and not the Geological Society of London. All rights reserved. 

No paragraph of this publication may be reproduced, copied or 

transmitted save with written permission. Users registered with 

Copyright Clearance Center: the Journal is registered with CCC,  

27 Congress Street, Salem, MA 01970, USA. 

Every effort has been made to trace copyright holders of material 

in this publication. If any rights have been omitted, the publisher 

offers their apologies.

No responsibility is assumed by the Publisher for any injury  

and/or damage to persons or property as a matter of products 

liability, negligence or otherwise, or from any use or operation  

of any methods, products, instructions or ideas contained  

in the material herein. 

All advertising material is expected to conform to ethical  

and trading standards, and reasonable care is taken to ensure  

that advertisers are reputable and reliable. However, inclusion  

in this publication or as an insert does not constitute a guarantee  

or endorsement of the quality or value of such products or  

services, or of the claims made by its manufacturer. Geoscientist 

and the Geological Society of London can give no assurance  

that an advertiser will fulfil its obligation under  

all circumstances.

3
E D ITO R ’ S WE LCOME

6
NE WS

Updates from the Society  
and the community

16
V IE WP O INT

Alternative aggregates, 
conceptual models, borehole 
safety, data access and more…

F E A T U R E S

20
THE CIRCU L A R ECO N OMY: 
A V IE W FROM THE FRO NT  

Building a road map for 
sustainable technology metals

28
PA L A EO - A NTA RC TI C I CE 

Climate and ice-sheet evolution

32
A S TO RY IN S TO NE 

Surprising opposition to science

U N E A R T H E D

34
WID E NIN G PA RTI CIPATI O N 

Improving access to geoscience 
research

38
A DA P TIN G TO HE AT WAV E S 

Designing urban spaces to cope 
with extreme heat

42
D EC A RB O NI S IN G HE ATIN G 

The challenges of reforming the 
energy sector

44
THE E NE RGY TR A N S ITI O N : 
A S YS TE M S A PPROACH 

Recommendations for a 
sustainable and just energy 
transition

46
PR AC TI CE S TO PEO PLE  

Fostering community–company 
relationships in mining

R E G U L A R S

49
IN B RIE F

Recent discoveries highlighted

53
B O O KS & A RT S

Mike Stephenson mulls over  
what Shakespeare made  
of the landscape. Colin 
Summerhayes discusses  
How the World Really Works

57
O B IT UA RIE S 

David Alan Falvey

58
F I V E M IN U TE S WITH … .

Yuting Zhang, PhD student 
at Imperial College London 
researching carbon capture  
and storage

CONTENTS
V O L .  3 2    |    N O .  0 4    |    W I N T E R  2 0 2 2

44

16

32



6 GEOSCIENTIST  |  WINTER 2022

NEWS
S O C I E T Y  A N D  C O M M U N I T Y  U P D A T E S

GEOSCIENCE IN PRACTICE – a brand-

new series for the Geological Society 

of London – officially launched this 

November with the release of its first 

volume, Deciphering Earth’s History: 

the Practice of Stratigraphy. The series 

is focused on providing step-by-step, 

pragmatic advice on applying geological 

techniques, and aims to fill both a niche 

in the market and capture the expertise of 

the Society and other geoscientists. 

Each book will be written by experts 

in the field from academia, industry, 

and government bodies. The series 

is specifically designed to assist the 

next generation of geoscientists in the 

application of geoscience theory and 

support fellow professionals who are 

working outside their specialist field  

or are retraining. 

In this series we are rethinking the old 

phrase ‘the best geologists are those 

who have been in the field the most’ 

because, to us, the opportunity to learn 

from others and put theory into practice 

often creates the most significant 

advancements. Also, being able to 

understand the details, advantages and 

limitations of geological methods is 

increasingly important as areas of the 

subject become more specialist and 

the number of disciplines required for a 

successful geoscience project increases.

Effective design for a practical approach

The design of the series has been 

developed to display information in the 

most effective way. This includes using 

an A4 size to give ample space for tables 

and figures, as well as wide margins 

for checklists and ‘top tips’. Critical 

information is displayed in lists that, along 

with the use of subheadings, optimise 

accessibility. 

Where relevant, the books will take a  

step-by-step approach and use flow 

charts to illustrate methods. The design 

includes a style for worked examples 

throughout the text that demonstrate 

the utility of techniques and how to 

overcome common challenges. The end 

of chapter reference lists will include 

key texts and recommended further 

reading, with online resources provided 

via Figshare.

The first volume

Geology without stratigraphy would be 

like life without a clock. Our first volume, 

Deciphering Earth’s History: the Practice 

of Stratigraphy, describes how to unravel 

the mysteries of stratigraphy, apply 

the wide spectrum of stratigraphical 

techniques available, and use the data to 

solve geological problems. This volume 

was written by the Society’s Stratigraphy 

Commission and invited colleagues. 

The early chapters and bulk of the 

book range from fundamental methods 

(lithostratigraphy, biostratigraphy, 

The launch of a new 
practical book series: 
Geoscience in Practice
Angela Coe and Caroline Astley explain how this new book series will 
enhance the sharing of practical geological expertise and experience

Lower Jurassic strata near Kilve, Somerset, UK. These 
strata contain ammonites and record Milankovitch 
cycles that can be used for biostratigraphy and 
cyclostratigraphy, respectively. Both of these methods 
are covered in the first volume Deciphering Earth’s 
History: the Practice of Stratigraphy. 

TURN  
TO PAGE 20
Find out about 
the circular 
economy 
and efforts to 

create a national road map for 
technology metals.
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chemostratigraphy, magnetostratigraphy, 

geophysical logs, seismic stratigraphy) to 

genetic methods (sequence stratigraphy, 

cyclostratigraphy, climate stratigraphy, 

morphostratigraphy). A chapter on 

detecting and understanding hiatuses 

in the rock record follows, before 

attention is drawn to chronostratigraphy, 

constructing geological timescales, 

radio-isotopic dating, digital archiving 

and using stratigraphical data. The 

fi nal two chapters further explore 

the integration of data and the 

application of stratigraphy to everything 

from engineering and forensics to 

understanding other planets. Further 

details are available at: 

www.geolsoc.org.uk/gip001 

For more information or to propose a 

volume for this series, please contact 

Angela or Caroline. Further information 

about the series can be found at 

www.geolsoc.org.uk/gip.

A N G E L A  L .  C O E 
Editor of Geoscience in Practice, 
Chair of the Stratigraphy Commission and Professor 
of Sedimentary Geology at the Open University, UK. 
Angela.Coe@open.ac.uk

C A R O L I N E  A S T L E Y
Associate Commissioning Editor, 
Geological Society Publishing House, UK. 
Caroline.Astley@geolsoc.org.uk
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IN SUMMER 2022, Dr Laurance 

Donnelly, together with a colleague 

from the Federal Bureau of 

Investigation (FBI), was invited 

by INTERPOL and the Brazilian 

Federal Police (BFP) to attend an 

international seminar on ‘gold 

forensics and illegal gold trade 

investigation’ at the National Institute 

of Criminalistics in Brasília, Brazil.

The purpose of the meeting was 

to develop a greater understanding 

of how criminal gangs, cartels and 

terrorist organisations operate in 

the minerals, mining, and metals 

industries. The United Nations O�  ce 

on Drugs and Crime (UNODC), the 

Organisation for Economic Co-

operation and Development (OECD), 

public oversight institutions, mining 

companies and law enforcement 

personnel from 19 countries attended. 

Geological strategies for the 

management and mitigation of risks 

were discussed, including: 1) illegal 

mining beyond regulatory control; 2) 

adulteration of mineral concentrates 

and processed metals; 3) substitution 

of samples ahead of assaying; 4) 

mining and trading of confl ict 

minerals; 5) mineral smuggling.

The International Union of 

Geological Sciences (IUGS) awarded 

Dr Donnelly and the Initiative on 

Forensic Geology (IUGS-IFG) a 

‘Special Project’ to investigate crimes 

in the minerals, mining and metals 

industries. At present, the scale 

of such criminal activity is poorly 

documented but is thought to take 

place globally. The Special Project 

aims to: 1) evaluate the current 

global scale of mining-associated 

crimes; and 2) assess the geological 

methodologies and research that

may aid law-enforcement agencies 

in the management and mitigation of

mining crime. See details at www.qub.

ac.uk/sites/iugs/IUGSSpecialProject/

Read the full story at www.

geoscientist.online/sections/news/

forensic-geology-and-the-clean-

gold-program/

Dr Laurance Donnelly, Founder 

and Chair of the IUGS Initiative 

on Forensic Geology, Founder 

and fi rst Chair of the Geological 

Society of London’s Forensic 

Geoscience Group, Chief Geologist 

and Head of the Technical 

Department at AHK International.

Forensic geology and 
the Clean Gold Program

Renew your membership
To ensure you receive your next copy of Geoscientist, 
please renew your membership with the Geological 
Society by 31 December. It’s quick and easy to renew 
online: www.geolsoc.org.uk/renewals
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CALL FOR NOMINATIONS FOR 
COUNCIL AND PRESIDENT-DESIGNATE
Are you keen to play an active role in the delivery of the Society’s 

strategy through Council and its Committees?

THE 23 MEMBERS of Council 

are trustees of the Society who 

are responsible for overseeing the 

Society’s affairs and managing its 

financial resources. As a Council 

member or President-Designate, you 

can shape the role of the Society and 

have the opportunity for personal 

development. Council members serve 

for three years, as does the President-

Designate: the first year as President-

Designate, then as President the 

following two years.

To ensure a diverse and inclusive 

Council that reflects the community 

it serves, the Society particularly 

welcomes nominations from under-

represented groups.

Visit www.geolsoc.org.uk/

councilelections for nomination  

forms and information on both 

roles. For further information, email 

christina.marron@geolsoc.org.uk 

The deadline for nomination 

submissions is 23:59 on Wednesday  

11 January 2023.

C O U N C I L 
E L E C T I O N S  2 0 2 3
THE COUNCIL BALLOT will be held 

in March 2023 and determines the 

list for the formal vote at the AGM 

in June 2023. 

All Fellows should receive 

an email from Civica Election 

Services (CES) by early March, with 

instructions for voting online. CES 

is an election service provider that 

administers the ballot on behalf 

of the Society. Fellows who have 

not provided an email address will 

receive a postal ballot pack.

If you have not heard from CES via 

email or post by 10 March or have 

any issues voting, please contact 

christina.marron@geolsoc.org.uk

Research grants 2023
APPLICATIONS are now open 

for the 2023 round of the Society 

research grants. The forms can be 

downloaded from www.geolsoc.org.

uk/grants. Please read all information 

on the application process and 

requirements before applying.

The deadline for applications is 

11:59pm on Monday 6 February 

2023. You do not need to be a Fellow 

to apply for a grant, but, if successful, 

you must be a Fellow at the time of 

receipt of the grant.

Last year, 14 grants were allocated. 

A list of previous recipients and 

their projects can be found on the 

research grants webpage.

ESTA/EGU 2022 
Geoscience 
Education 
Summer School
There is no longer a formal route for 

training UK geology teachers. Until 

2021, this task was undertaken by 

the late Professor Chris King, Keele 

University, with funding for summer 

schools provided by oil-and-gas 

industry sponsors and the Earth 

Science Teachers’ Association (ESTA). 

Pete Loader, co-director on 

previous summer schools, continued 

this work in August 2022 by 

training 12 teachers to teach to A 

Level standard, with funding from 

university and industrial sponsors, 

trust funds and the European 

Geosciences Union (EGU). The course 

covered the pedagogical aspects 

of teaching geology, from practical 

work and fieldwork to 3D spatial 

thinking skills.

Pete Loader, Director ESTA-EGU 

Summer School

TRAINING COURSES AT  
THE GEOLOGICAL SOCIETY
Next year, the Society is expanding the training course programmes covering its 

key scientific themes, ensuring support for geoscientists with their continuing 

professional development (CPD). Our aim is to create a diverse range of courses 

that recent graduates and those working towards chartership will find useful.

In 2023, there will be a new calendar featuring courses on climate, 

hydrogeology and geotechnical elements, as well as re-runs of our most 

successful courses. The training course committee is keen to hear feedback from 

the geoscience community about future topics for training courses.

For further information on the current programmes that we offer, please visit  

www.geolsoc.org.uk/Events/Online-Training-Courses
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C H A R T E R E D 
F E L L O W S  
E L E C T E D  I N 
S E P T E M B E R
CGeol: Kar Woon Chan, Shirley 

Eyers-Young, Oliver Gernon, 

Iain Murch, John Nieto, 

Elizabeth O’Donnell, Jonathan 

Pickerden, Phil Renforth, 

Samuel Setchell, Chris Smith, 

Paul Thomson, James Weston, 

James (Jim) Whiteley, Adrian 

Wilkinson, Ho Yin (Dennis) 

Wong, Yu Ching (Angie) Wong.

CSci: Emma Bridgewater,  

Una Cassidy, Richard Gill, 

Daniel Yarker.

GEON: A new online 
network
Bringing together community 

experience

We are excited to announce that the 

Geoscience Education and Outreach 

Network (GEON), a community-led 

forum for those working in geoscience 

education and outreach across the  

UK, will launch in early 2023. GEON  

will facilitate networking, connect 

volunteers with opportunities and 

bring together community experience, 

enthusiasm and expertise.

www.geolsoc.org.uk/Education-and-

Careers/education-outreach-network 

Student Volunteer 
Network
Inspire the next generation of 

geoscientists

Our new Student Volunteer Network 

will train university students to deliver 

geoscience workshops to primary school 

students in a bid to inspire the next 

generation through role models and 

engaging experiences. A pilot scheme 

pairing volunteers from three London 

universities with local primary schools 

will begin in early 2023, with a view to 

expanding the network nationally.

Byelaws review update
Ensuring the Society’s byelaws are  

fit for purpose

Earlier this year, Council instigated a 

review of the Society’s byelaws. Over 

the summer and early autumn, the 

byelaws review group met several times 

and an advisory group recruited from 

among the Fellowship. Early progress 

was reported to Council, with the focus 

on ensuring that our byelaws are fit for 

modern purpose and in line with current 

legislation and best practice. Work will 

continue in the coming months. All 

Fellows will be invited to comment in  

a consultation exercise in 2023.

OUR 2023 Schools Geology Challenge is now accepting entries. We invite 

A Level students of geology, geography or similar subjects, to test their 

knowledge, problem solving, presentation skills and creativity for the chance 

to win £200 for their school. Students must choose a geoscience topic and 

present it in an engaging way for an online audience. Finalists will be invited to 

Burlington House in March 2023 to compete for the chance to win the prize.

www.geolsoc.org.uk/geochallenge

Schools Geology Challenge 2023
Students and teachers: compete to win prizes for your school!

Time for Geography
Time for Geography is the open-access, dedicated video platform for secondary 

school geography and geoscience education. In partnership with a community of 

over 40 leading environmental research institutes, geo-industry employers and 

educational organisations, the project brings together leading expertise to inspire the 

next generation on their journey from school classrooms to university and careers 

that shape the future of our world.To find out more, or express interest in becoming 

a partner organisation, please visit www.timeforgeography.co.uk

Dr Rob Parker, Time for Geography, Platform Director

T H E  R OYA L 
C O M M I S S I O N 
F O R  T H E 
E X H I B I T I O N  
O F  1 8 5 1
The President of the Society 

is an ex-officio Commissioner 

of the Royal Commission 

for the Exhibition of 1851. 

Applications are open for their 

various awards, including 

Research Fellowships. Closing 

dates vary. For further 

information, please visit:  

www.royalcommission1851.

org/awards/
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WE HAVE LAUNCHED a 
new fundraising appeal to 
conserve 12 important volumes 
of letters from our archives: 
the correspondence of the 
Assistant Secretary’s office 
of the Geological Society 
from 1834 to 1880. Please 
help us keep this unique 
and scientifically important 
collection openly accessible  
for generations to come.

Conservation
The archive collections of 
the Geological Society cover 
the history and evolution of 
geological science in Britain and 
abroad. Most of the collections 
are catalogued and open to 
researchers; however, one 
significant series is not. This 
comprises the incoming letters 
of the Assistant Secretary, which 
span from 1834 to 1880. Seven 
volumes of the letters have been 
conserved, but the remaining 12 
volumes have been completely 
closed off to researchers due to 
their extremely poor condition.

Conserving the 12 remaining 
Letter Book volumes will cost 
£40,000. We have received a 
generous grant from the de 
Laszlo Foundation of £5,000, 
as well as a donation of £1,600 
from a Fellow who wishes to 
remain anonymous. This leaves 
us with a target of £33,400 still 
to raise.

The Letter Books
Historically, the Assistant 
Secretary was the first point 
of contact with the Society. 
Since the Assistant Secretary 
also acted as journal editor 
and frequently as Librarian 
and Museum Curator, most 
of the Society’s day-to-day 
business and administration 
came through their office. 
The letters are therefore one 
of the primary records of the 
activities of the Society as a 
central repository of geological 
knowledge in the 19th century.

The problem
There are around 8,000 letters 
split across 19 Letter Book 
volumes. Volumes 1 to 7 were 
conserved in the 1980s, but 
the remaining 12 are still in 
their original cheap, guard-
book bindings, which was a 
very common and economical 
way of collating loose papers 
in the past. The poor-quality 
leather has degraded, leading 
to the gradual collapse of the 
binding, allowing over two 
centuries’-worth of soot and 
London pollution to cover the 
contents, causing extensive 
damage to the letters.

The condition of the 
volumes means that even 
cataloguing the collection 
is difficult without causing 
further damage. An 

incomplete and rudimentary 
listing of some of the Letter 
Book volumes was undertaken 
by volunteers in the 1980s. 
Volumes 14 to 18, dating from 
1853 to 1871, were not listed 
at all.

Despite these poor 
listings, the Letter Books 
are frequently requested by 
researchers. However, they 
have had to be closed off due 
to their condition, resulting 
in a significant gap in the 
history of our collections 
at a time of great change in 
science. It is a period where 
geology becomes more 
recognisably modern, for 
example, coinciding with the 
publication of Darwin’s On the 
Origin of Species (1859) and 
the proofs of the Antiquity of 
Man (1859).

How can you help?
Your donations will enable 
us to conserve the remaining 
12 Letter Books, so that 
the full series can finally be 
catalogued and made fully 
accessible for research. This 
work will also make digitisation 
processes easier in the future.

Donations of any amount 
are welcome to help us reach 
our target. For instance, £10 
is enough to conserve one 
of the historic letters. For 
donations over £100, your 
name will appear on a roll 
of honour bound with one 
of the volumes. Sponsors 
of complete volumes will 
have a dedication of their 
choice recorded on a special 
bookplate bound with  
the item. 

DARWIN  
COMPLAINS
Arguably the Society’s 
most famous Fellow is the 
naturalist, Charles Darwin 
[1809–1882]. Although 
he is now known for his 
theories concerning natural 
selection and evolution, he 
began life as a geologist, 
joining the Geological 
Society on his way back 
from the voyage of HMS 
Beagle in 1836.

This letter shows some 
of the more day-to-day 
business of the Society, 
in this case, Darwin 
complaining that a map of 
South America is missing 
from the book he has just 
been sent through postal 
loan from the Society’s 
library. Darwin was likely 
working on his publication 
Geological Observations 
on South America (1846) 
at this time, so the letter 
gives evidence of one of the 
sources he consulted.

Not only does the Society 
still operate a postal loan 
service for Fellows, we 
also still hold the book that 
Darwin borrowed: Alcide 
d’Orbigny’s Voyage dans 
l’Amérique Méridionale 
(1842). To avoid future 
complaints, the map of 
South America is now 
bound safely at the back  
of the volume.

Charles Darwin complains about  
his library book (January 1844) 

To donate, please visit www.geolsoc.org.uk/

WritteninHistory or contact our Development 

office on development@geolsoc.org.uk or  

+ 44 (0) 20 7432 0960. To find out more about the content 

of our historic Letter Books, please get in touch with our 

Library team on library@geolsoc.org.uk 

Written  
in history
Help preserve the Society’s  
historical Letter Books

(R
ef: G

SL/L/R
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2
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RICHARD’S INTEREST IN GEOLOGY  

was sparked by the rocky landscapes  

of North Wales. 

“As a child, I wandered along the 

Eglwyseg escarpment above Llangollen 

collecting Carboniferous corals and 

brachiopods, but it wasn’t until I studied 

geology at university that I realised I’d 

spent my formative years in two classic 

areas of British geology (the other being 

Snowdonia and the north-west coast of 

Wales around Tremadoc and Harlech).”

Having been told by a careers advisor 

that he’d never get a job in geology, 

Richard originally enrolled to study 

zoology at the University of Wales, Cardiff. 

Fortunately, Richard was able to switch his 

undergraduate course to geology, and he 

then went on to obtain a PhD in  

Earth science from the University of  

Cambridge in 1985.

Varied career

Richard enjoyed a varied career spanning 

more than 20 years at the British 

Geological Survey (BGS), of which 

his work in Ecuador was a significant 

highlight.

“I was part of a British-Ecuadorian 

team that completed the first systematic 

geological and geochemical mapping of 

the Cordillera Occidental of the Andes, 

from Peru in the south to Colombia in  

the north.” 

After spending time on international 

development projects in various parts 

of Africa for the BGS, Richard took on 

the role of Director of Information. It 

was in this role that he and his teams 

delivered the BGS’s OpenGeoscience 

initiative under a ‘freemium’ business 

model that enables open access to 

various geoscientific maps and data, 

with the option of a paid-for upgrade 

for premium functionality. With his 

experience in business development and 

the monetisation of digital data, Richard 

joined The Coal Authority – a public body 

that helps manage the UK’s substantial 

mining legacy – to oversee the release 

of digital mining datasets that have since 

stimulated significant activity in the 

conveyancing sector. 

These diverse experiences, as well 

as time spent as a Geological Society 

Council member, stood Richard in good 

stead for the role of Executive Secretary, 

an opportunity that he says was “too good  

to ignore”.

Transformative strategy

When Richard became Executive 

Secretary in 2017, the Society had gone 

through difficult times. It was in need 

A bright future
As Richard Hughes leaves the Society to take his well-earned retirement,  

he reflects on a period of great change and immense achievement.

N E W S
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of modernisation, and membership 

numbers, which peaked at about 12,400 

in 2017, were beginning to dip. Having 

been a Fellow and Chartered Geologist 

for around 25 years, Richard had 

witnessed enormous change both at the 

Society and within our field, but arguably 

none so great as the transformations that 

have taken place over the past few years 

– for which the 2020 Strategic Options 

Review was a major catalyst.

“I can’t overstate the importance of 

this review, which built upon and brought 

focus to the 2017–2027 strategy. The 

very generous pro bono support received 

from a leading international management 

consultancy was instrumental to the 

success of the project. Council readily 

adopted the four strategic priorities 

arising from the review, and these 

now form the backbone of our annual 

business plan. In particular, the adoption 

of five new science themes – Energy 

Transition, Geohazards Geoengineering 

& Georesilience, Climate & Ecology, 

Planetary Science and Digital Geoscience 

– complements the excellent work of our 

Specialist Groups and brings real focus to 

the Society’s science programme.”

Richard is quick to point out that 

“strategising is often the easy part”, 

adding that: “Looking forward, it’s 

absolutely vital that the Society maintains 

its focus on delivering the outstanding 

work of the Strategic Options Review.” 

While the extremely broad-ranging 

nature of the role means that Richard 

hesitates to offer advice to the incoming 

Chief Executive, Simon Thompson, he 

does urge viewing the Strategic Options 

Review recommendations as the platform 

on which to build future success. “It’s 

essential our science programme remains 

current, and important to remain focused 

and build on those five priority areas.”

A shifting landscape

Earth science societies worldwide are 

grappling with a variety of complex 

challenges on many fronts. The declining 

numbers of students studying geoscience 

and a tumultuous time for the petroleum 

and extractive industries translates into 

falling membership numbers, while 

societies that rely on scholarly publishing 

as a primary revenue stream have to 

contend with the rapid transition away 

from a subscription-based business 

model towards an open access one. 

Added to that, the Covid-19 pandemic 

shut down in-person events and the 

associated networking opportunities, 

forcing the transition to remote working. 

The past few years have certainly not 

been easy.

Richard cites the increasingly negative 

public perceptions and attitudes towards 

geoscience as a critical hurdle that we 

must tackle head-on.

“There’s a widely held view that the 

I’m delighted that 
numbers have stabilised, 
but our membership is 
getting older: remaining 
relevant and appealing  
to early-career students 
and Earth scientists will 
not be easy.

The Eglwyseg 
escarpment near 

Llangollen, Wales

N E W S
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N E W S

Earth sciences are the root cause of 

many societal challenges, and a lack 

of understanding (and sometimes 

unwillingness to listen) that they also 

offer the potential solutions. Turning 

around such perceptions is a challenge 

that the Society cannot overcome alone. 

It will require a coordinated approach 

from across our community – industry, 

academia and government.

“Within our community we’re very 

aware of how important the Earth 

sciences are in addressing major global 

challenges including the energy transition 

and sourcing of critical minerals to 

underpin growth of renewables, carbon 

capture and storage, geothermal energy 

and radioactive waste management. 

But we need to be more effective in 

communicating these messages beyond 

our community.”

Indeed, the declining numbers of 

Earth science graduates is reflected in 

our membership data, with a slight fall in 

this demographic year-on-year between 

2017 and 2021. That said, overall our 

membership numbers are now fairly 

stable and compare very well with some 

other leading Earth science societies. But 

that’s no reason for complacency.

“I’m delighted that numbers have 

stabilised, but our membership is getting 

older: remaining relevant and appealing to 

early-career students and Earth scientists 

will not be easy.

“In 2023, I expect the Society to 

announce a new grant round to fund 

research into critical, energy transition-

related minerals, which should raise the 

Society’s profile in a big way. Additionally, 

the roll-out of the second phase of 

our membership model will lay the 

groundwork for international  

membership growth.”

Compounding the problem of attracting 

new members is a lack of diversity in 

Earth science compared to other science 

disciplines. “This is a complex issue and 

there’s no single reason for it, but we 

must make sure our profession is able to 

attract and retain the best people from 

all demographics – this is very much on 

Council’s radar as a major challenge to be 

addressed.”

Resilience 

When it comes to the shifting publishing 

landscape, the Geological Society’s 

publishing house has proved to be 

dynamic and responsive, and Richard 

touches on several notable achievements 

that include: the launch of new open-

access or hybrid journals such as Earth 

Science, Systems and Society  

(www.escubed.org) and Geoenergy 

(www.geolsoc.org.uk/geoenergy); strong 

Burlington House
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progress with signing up UK institutions 

to transformative read-and-publish 

agreements; and the migration of the 

Lyell Collection to a modern publishing 

platform that provides enhanced 

accessibility and a more author-centric 

experience.

And while the Covid-19 pandemic 

tested the Society’s resilience, bringing 

with it “a period of crisis management 

and uncertainty on many fronts”, Richard 

feels that we learned and emerged 

stronger. In particular, he emphasises that 

the pandemic accelerated the Society’s 

shift toward digital, as we were forced 

to rapidly transition to remote working 

– a feat that was not only achieved with 

almost uninterrupted business continuity, 

but also with some remarkable successes. 

“The ‘digital revolution’ has brought 

about fundamental changes to the way 

the Society operates – our publications 

are now all accessible digitally, we 

provide access to an increasing amount 

of online publications and our virtual 

events including AGMs and public lectures 

now reach much bigger, more inclusive 

audiences across the globe.”  

Despite the many hurdles, Richard lists 

a number of the Society’s achievements 

(in addition to those above) of which 

he is particularly proud. These include 

being granted observer status at the 2021 

COP26 meeting in Glasgow (a fi rst for 

the Society); a systematic approach to 

fundraising, which has made possible 

fl agship events such as the 2021 

Spacescapes Exhibition and education 

initiatives such as the Geoscience 

Education & Outreach Network; and the 

wonderful new format of our membership 

magazine.

Richard is keen to stress his admiration 

for the Society’s sta�  and volunteers. 

“The sta�  are truly exceptional and deeply 

committed to the Society, and I will never 

forget the way they shifted overnight 

to a home-working regime when the 

pandemic fi rst struck in March 2020. They 

should be enormously proud of all they’ve 

achieved, and I know there’s so much 

more to come! Likewise, the volunteers: 

it’s largely down to the time generously 

given by so many talented volunteers – 

our trustees, committee members and 

representatives – that the Society is able 

to achieve so much.”

A long-term home 

The enduring saga of the Burlington 

House lease has taken up a vast amount 

of Richard’s time as he, together with 

representatives from the other Courtyard 

societies, have worked on a high-

profi le public campaign and dealt with 

government ministers in an attempt 

to reach an a� ordable solution that 

would enable the societies to remain at 

Burlington House in the long term.

“This has been a massive distraction 

for all of the Courtyard societies and, as I 

write, we’re no closer an agreement than 

we were back in 2017 – an a� ordable 

long-term solution remains out of reach.”

While time-consuming, some of Richard’s 

most memorable and unexpected 

moments have come from the Burlington 

House lease campaign.

“The calls with Sir David Attenborough, 

Brian Cox and other distinguished 

individuals to enlist their support for 

the Burlington House campaign stick in 

my mind.”

Richard notes that while there exists “a 

range of opinions within the Fellowship 

on the matter”, he is reassured that, 

“whatever the fi nal outcome, the excellent 

work of the Relocation Options Project in 

2021 means we’ve made very substantial 

progress in better understanding the 

alternatives to Burlington House and 

we have a preferred solution should it 

be necessary to relocate. I’ve no doubt 

at all that relocation would o� er many 

opportunities.”

A strong platform

The Society has changed immensely in 

the past few years, but Richard stresses 

that while there has been a great deal of 

modernisation, much remains to be done 

– not least the major (and long-overdue) 

re-design of our website, which is in 

the pipeline for 2023. Although it’s not 

been an entirely smooth journey, Richard 

believes the Society is now in a stronger 

position to respond to the challenges that 

lie ahead. 

“As I look back, there are most certainly 

a few more things I wish I’d been able to 

achieve, but I feel that there’s a strong 

platform on which to build further 

successes. There’s every reason to be 

optimistic about the future of the Society 

and our science!”

Richard says he’s frequently reminded 

of the great respect shown from 

individuals and organisations around the 

world towards the Geological Society 

and he has no intention of abandoning us 

completely. “We have a strong reputation 

and brand, and there’s no doubt that the 

Society remains highly infl uential within 

the international geoscience community.  

“All in all, it’s been a huge privilege 

to be part of the Society’s journey and 

successes over the past few years. As a 

long-standing FGS and CGeol, I won’t 

be departing the scene completely 

just yet, and I look forward to seeing 

the Society go from strength to strength 

in future years.” 

N E W S

F U R T H E R  R E A D I N G
A full list of further reading is available 

at geoscientist.online.
•   O’Donnell, M. & Hughes, R. (2020) Looking 

to the future: The Society’s Strategic 
Options Review. Geoscientist 30(11), 8–9.

•   Daly, M. (2022) Earth science front and 
centre. Geoscientist 32(2), 10-11.

R I C H A R D  H U G H E S
Dr Richard Hughes was 
Executive Secretary for the 
Geological Society of London, 
UK, from 2017 until 2022.

Interview by Amy Whitchurch

The calls with Sir David 
Attenborough, Brian Cox 
and other distinguished 
individuals to enlist their 
support for the Burlington 
House campaign stick in 
my mind
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offers the greatest potential 

for recycling. Through early 

involvement on a project, 

specialist VSC contractors can 

assist in identifying potential 

sources of recycled aggregate. 

Materials such as old concrete 

floor slabs can be crushed and 

screened on site, then reused 

as VSC aggregate to stabilise 

heterogeneous made-ground 

(anthropogenic) deposits and 

any underlying weaker natural 

soils prior to construction. Such 

in-situ recycling reduces the 

need for quarrying, magnitude 

of processing, and transport, 

thereby significantly improving 

the sustainability credentials 

of a project. Thomas and 

colleagues (2009) suggested 

that such an approach can 

reduce CO
2
 emissions by one 

third compared to trafficking in 

primary aggregates.

Yet, despite these advances 

the procurement process for 

VSC projects in the UK remains 

predominantly price driven, 

based on competitive design-

and-build contracts that 

favour the cheapest proposal, 

typically with less emphasis 

on the environmental and 

sustainability aspects of the 

tender bid. Indeed, VSC project 

specifications in the UK often 

do not include the option for 

alternative aggregate use.

The ground improvement 

community, can increase 

awareness (amongst specifiers 

and procurers of VSC projects), 

of the great potential and 

suitability of alternative 

VIEWPOINT
S E N D  Y O U R  L E T T E R S  T O  G E O S C I E N T I S T @ G E O L S O C . O R G . U K  A N D  T W E E T  U S  A T  @ G E O S C I E N T I S T M A G

F O R  G U I D A N C E  O N  S U B M I T T I N G  A  C O L U M N ,  S E E  G E O S C I E N T I S T . O N L I N E

The recycling and reuse of materials is key to making the ground 

engineering sector more sustainable, argues Colin Serridge

However, the current levy on 

primary quarried aggregates 

provides a financial incentive 

for alternative aggregate use, 

whilst continuing research 

and quality control testing 

protocols for alternative 

aggregates ensures parity of 

performance with primary 

quarried aggregates.

The sustainability credentials 

of alternative aggregates in VSC 

projects have been extensively 

investigated (e.g. Serridge, 

2005; Egan and Slocombe, 

2010; Jefferson et al., 2010). For 

example, Egan and Slocombe 

(2010) found that the embodied 

CO
2
 is halved when recycled 

aggregates are used instead of 

primary quarried aggregate  

for VSCs. 

The redevelopment of 

brownfield sites with a legacy 

of industrial activity perhaps 

Ground engineering 

professionals face a 

growing number of challenges 

relating to sustainability and 

expanding government targets 

to achieve net zero. Within the 

ground improvement sector, 

vibro stone columns (VSCs) 

are the most commonly used 

technique. With this approach, 

vertical ‘reinforcing’ columns 

of compacted aggregate, 

which are installed using 

specially designed vibrating 

pokers, improve and stabilise 

the ground prior to foundation 

and building construction. 

The VSC sector still relies 

heavily on primary quarried 

aggregates, yet such sources 

are unsustainable, and their 

extraction and transportation 

(typically by road) can have 

significant environmental 

impacts, particularly in the 

context of CO
2
 emissions. 

Increased recycling and reuse 

of materials, particularly close 

to source, are increasingly 

becoming more essential.

Historically, there was 

little incentive within the 

VSC sector to use alternative 

aggregates, which includes 

recycled aggregates (those 

derived from reprocessing 

materials previously used in 

construction, such as recycled 

crushed concrete and spent 

railway ballast) and secondary 

aggregates (the by-products 

of industrial processes that 

have not been previously 

used in construction, such as 

well weathered metallurgical 

slag). Such alternative sources 

were frequently perceived as 

inferior and there was little 

or limited awareness of the 

benefits (Serridge, 2005). 

Alternative 
aggregates

COLUMN
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V I E W P O I N T

Every geoscientist should be aware of the perils 

of assuming an incorrect conceptual model, 

urges Tim Harper.

COLUMN

Questioning the 
conceptual model

I
n their summer 2022 

Viewpoint column, Max 

Dobson and Dennis O’Leary 

emphasised that progress on 

the potential high-level waste 

(HLW) repository at Yucca 

Mountain, USA, was largely 

halted by political and social 

objections. Yet Yucca Mountain 

should be remembered as one 

of the most contentious and 

remarkable controversies in the 

history of geoscience.

Transport of radionuclides to 

the biosphere by groundwater 

has long been a primary 

concern in HLW disposal. Yucca 

Mountain was identified as a 

candidate host based on the 

general assumption of low 

rates of groundwater transport 

essentially downwards through 

an unsaturated zone of rock 

with sufficient thickness to host 

a repository (Flint et al, 2001). 

In this classical hydrogeologic 

model, flow is driven by gravity 

and represented in a ‘box’ 

with no transfer of energy 

through the (impermeable) 

base. Rock permeabilities in the 

unsaturated zone are  

assumed invariant. 

Jerry Szymanski, a geologist 

recruited as the site licensing 

officer by the US Department of 

Energy (DOE) in the early 1980s, 

became concerned with the 

gravity-driven conceptual model 

– it allowed no role for tectonic 

deformation and volcanism that 

could potentially drive fluid flow 

toward the surface. 

At Yucca Mountain, 

undisputed active faulting 

occurs on the sides of the 

mountain. There are numerous 

cinder cones with a prominent 

one, Lathrop Wells, dated 

at 30,000–130,000 years 

BP (Taylor & Huckins, 1995). 

Personally, I was convinced 

of fluid upwelling partly by 

surface outcrops, the evidence 

for which includes mineral 

concentrations at the outcrops 

of, and accumulated adjacent 

to, active faults on the sloping 

sides of Yucca Mountain, as well 

as subvertical sheets of calcite 

in cohesionless sand covering 

an active fault at Busted Butte. 

In 1989, Szymanski proposed 

an alternative, thermodynamic 

conceptual model (later 

published in Szymanski, 2018) 

that incorporated (tectonic) 

work done on the ‘box’ and heat 

transfer through the base of the 

‘box’ He proposed that the rocks 

are deforming, experiencing an 

evolving permeability structure 

as fractures cyclically dilate and 

close. The depth of the water 

table varies as the permeability 

and storage distribution change. 

Szymanski’s model incorporates 

intermittent Raleigh-Bénard 

convection when the active 

faults are dilated to bring hot 

(gas-charged) brines to the 

surface.

Thus began an extraordinary 

geoscientific controversy. The 

extensive and voluminous 

deposits of minerals at the 

ground surface and throughout 

the subsurface became a 

focus of investigations at 

Yucca Mountain. Did these 

minerals, which include co-

genetic calcite, chalcedony, 

quartz, fluorite, zeolite, barite 

and strontianite, derive from 

infiltrating meteoric waters 

containing wind-blown 

calcium carbonate dust (Taylor 

& Huckins, 1995) or from 

upwelling hydrothermal brines? 

Were they pedogenic (Taylor & 

Huckins, 1995) or magmagenic? 

Did the water flow down or up? 

Subsequent fluid inclusion 

studies found mineral 

deposition temperatures up 

to 70–90°C (at 30–50 m 

from the surface), decreasing 

with distance from one of 

the horst-bounding faults 

(Dublyansky & Smirnoff, 2003).  

This evidence seemed to settle 

the matter until the DOE then 

proposed that conductive 

heating of infiltrating meteoric 

water by a magma body 

Cinder cones (foreground)  
at Yucca Mountain  

(background), Nevada, USA

materials by: sharing and 

disseminating published 

research and case history 

information; facilitating visits 

to recycling plants to permit 

inspection of product quality 

and the operation at first hand 

(modern plants are increasingly 

comparable to those seen in 

modern quarries); and push 

for the development of a 

definitive database on both 

the geographical location and 

available volumes of alternative 

aggregate sources. Data 

must be regularly collected 

and statistics compiled to 

track sustainability progress, 

including volumes of alternative 

aggregates relative to primary 

aggregates consumed, to 

better quantify and inform on 

the positive achievements of 

the VSC sector in contributing 

to a circular economy. If the UK 

ground improvement sector is 

to become more sustainable, 

all stakeholders must be 

actively engaged in promoting 

use of alternative aggregates.

C O L I N  S E R R I D G E
Dr Colin J Serridge is a Principal 
Engineering Geologist in the Specialist 
Ground Improvement industry and a 
Lecturer in Earth Sciences, at Edge Hill 
University, UK.
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(7 km north, cooling for 

5–8 Myr) could explain the 

elevated temperatures of the 

unsaturated zone, without 

the need to invoke more 

recent hydrothermal activity 

(Dublyansky & Polyansky, 

2007). This explanation of 

long-term heat transfer from 

the intrusion was shown to be 

invalid when tested numerically 

(Dublyansky & Polyansky, 2007), 

yet its continued acceptance 

allowed the DOE to exclude 

the possibility of hydrothermal 

activity in the performance 

assessment (Dublyansky, 2014).

After an expenditure in 

the region of $15 billion, in 

2009 a new Secretary of 

Energy announced plans to 

terminate Yucca Mountain for 

policy reasons, not technical 

or safety reasons (GAO, 

DEAR EDITORS, 

In the autumn 2022 issue, Beswick and 

Gibb extolled the virtues of deep borehole 

disposal as an alternative to mined 

repositories for high-level nuclear waste 

disposal, suggesting that: “geology in 

terms of isolation is only cosmetic”. The 

consensus is that geology is the ultimate 

barrier of the multibarrier containment 

system and that engineered barriers will 

eventually fail over the multimillennial 

timeframes for which the waste must 

remain isolated. But a fundamental 

question remains: can we gather 

su�  cient data from a deep borehole 

repository to demonstrate long-term 

post-closure safety?

A key feature of mined repositories, 

such as Finland’s Onkalo, is that 

they expose the host rock in tunnel 

and shaft walls at a scale and level 

of detail that can’t be matched by 

coring and geophysics alone. Tunnel-

scale observations allow us to test 

the geological and hydrogeological 

models assembled from borehole 

and geophysical data, and to validate 

core measurements by assessing the 

host rock in-situ and in-bulk, building 

confi dence in the site characterisation. 

If this is unnecessary, why do we go 

to that trouble and expense for mined 

repositories?

Without tunnel-scale observations, we 

may miss aspects of the host rock, such 

as small but interconnected fractures or 

lateral variations in chemistry, that may 

a� ect post-closure performance. Would 

a deep borehole repository therefore be 

a “see no evil” approach to long-term 

safety? Without tunnel-scale host-rock 

exposure, how will we know we have 

enough data to be justifi ably confi dent 

in the safety of the host rock for a deep 

borehole repository?

One could argue that hydrocarbon 

exploration routinely characterises 

subsurface geology using largely only 

boreholes and geophysics. However, 

there is a vast di� erence in the 

permeabilities, fl ows, and timeframes 

involved for hydrocarbon reservoirs 

compared to nuclear waste repositories, 

not to mention far lower societal risks 

if a reservoir is wrongly characterised 

compared to nuclear waste prematurely 

reaching the human environment.

V I E W P O I N T

T I M  H A R P E R
Tim Harper is Director and Principal Engineer with Geosphere Limited, 
providing research and consultancy services. His 50 years’ experience include 
risk assessments for nuclear sites, for facilities in active faulting environments 
and of seismicity induced by hydraulic fracturing.

H O W A R D  L E E
Howard Lee is a geoscientist and science writer 
based in Massachusetts, USA.

2011). The relatively simple 

unsaturated zone model 

of fl ow driven by gravity, 

essentially an equilibrium 

model, had been espoused by 

the DOE as the basis for safe 

storage at Yucca Mountain 

from the start (Roseboom, 

1983). The complexity 

of the non-equilibrium, 

innovative Szymanski 

model involved a wide span 

of technical disciplines, 

marrying thermodynamics, 

geochemistry, rock mechanics, 

hydrology and structural 

geology, making it inherently 

more challenging to describe, 

evaluate and hence defend. 

It is greatly concerning that 

such contrasting models could 

remain so disputed at a site of 

such potential signifi cance and 

vast fi nancial investment.

LETTER

Borehole safety
Onkalo spent nuclear fuel 

repository, Finland
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DEAR EDITORS, 

In the summer 2022 edition, Alex 

Dickenson and Mark Ireland laid out 

the challenges in accessing archived 

geoscience data, with a clear description 

of the complex relationships between 

regulators, governments, charities, 

private enterprises and academia.

Each organisation is doing what it 

can to improve access and, for several 

years, we’ve seen many organisations 

working hard to improve access 

to quality information in their own 

specialist area. The North Sea Transition 

Authority (NSTA), for example, has made 

huge strides, disclosing 15 TB of well 

and seismic data to the public in 2021 

and, after refreshing the National Data 

Repository (NDR) technology stack with 

our partners Osokey and Moveout in 

2021, making even more data available 

– currently 230 TB and counting. 

Supplemented by our Open Data, the 

NSTA has brought vast volumes of data 

to academia and industry, and we are 

seeing uses beyond oil and gas, such as 

for the identifi cation of carbon storage 

sites and to support the licensing rounds 

for o� shore wind farms.

However, what was missing was a 

coordinated approach for the sector 

as a whole. So, in late 2021, the Net 

Zero Technology Centre, O� shore 

Energies UK, and the NSTA, brought 

together participants from central 

government and industry to create a 

taskforce to produce a coherent digital 

and data strategy that spans oil, gas and 

renewable energy. 

Members of the taskforce included 

the Crown Estate, Crown Estate 

Scotland, Technology Leadership Board, 

RenewableUK and Open Data Institute. 

It was run by Energy Systems Catapult 

(and supported by O� shore Renewable 

Energy Catapult), which are not-for-

profi t knowledge centres that work with 

industry, government, academia and 

research. 

The subsequent report, Digitalising 

O� shore Energy Systems, made seven 

recommendations. The fi rst, the 

establishment of a Digital Strategy 

Group, has already been implemented 

with a core group of government 

bodies supported by a variety of other 

organisations. A series of task groups 

will now be set up to turn the remaining 

recommendations into actionable plans. 

One task group will map the 

numerous data portals and improve 

the interoperability between them. This 

will promote authoritative sources of 

data and prevent duplication of e� ort. 

Collaboration in this space is already 

happening. For example, NSTA’s NDR 

wellbore summary links dynamically 

to the BGS Information Hub to display 

high-resolution core photographs, 

which is made possible by the BGS 

using NSTA’s defi nitive system of record 

for wellbore names. Additionally, the 

Crown Estate, Crown Estate Scotland 

and NSTA are using application 

programming interfaces to share 

data between their open data portals, 

including interactive maps.

Geoscientists will be critical in making 

sure the energy transition progresses 

at pace, while ensuring our security 

of supply. It is important and positive 

to highlight the vast amounts of 

geoscience data and numerous portals 

available to aid our e� orts – not long 

ago these data were not accessible at all!

J O H N  S E A B O U R N
Chief Digital & Information Officer
North Sea Transition Authority

Anastasia Baboolal
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@seis_matters
Nice to see our piece on #preprints 
featuring in
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T
H E  C I R C U L A R  E C O N O M Y 

(CE) is intimately linked with 

future sustainable economic 

development. While some 

geoscientists might think 

the CE has little to do with them, there 

are many ways in which geoscience 

contributes to the development of more 

circular flows of materials. 

Currently, the UK is almost entirely reliant 

on imports for our supply of technology 

metals (those needed for emerging 

technologies, including electric vehicles, 

solar photovoltaics, wind farms and energy 

storage) and there is no single reference 

point for how these metals flow through 

our economy. Key examples of technology 

metals include lithium, cobalt, rare earth 

metals, tin, tungsten and indium, but there 

are many others. To transform our current 

linear flows of technology metals into a 

more sustainable, circular system of  

assured supply, reuse and recycling, we 

must first track the existing flows. Here 

we discuss efforts by the Met4Tech 

Centre team (www.met4tech.org/), a 

UKRI-supported partnership of world-

leading researchers who aim to maximise 

opportunities for the provision of 

technology metals and lead materials 

stewardship. The team contains researchers 

from business, social studies, law, 

chemistry, materials science, engineering 

– and several geoscientists. The aim is to 

make key research interventions across the 

value chain and then together with industry 

partners, build a national road map for a 

technology metals circular economy. 

Geoscientists might feel our 
work is detached from the 
circular economy. Frances 
Wall and colleagues discuss 
efforts to create a national 
road map for the circular 
economy of technology 
metals – one that has 
geoscience at its heart

The Lac Des Iles Mine, Thunder Bay, Ontario, 
Canada. A mine haul truck at the open-pit 

and underground palladium mine
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The Circular Economy concept
The term circular economy was first used 

in the late 1980s/1990, but the concepts 

come from as much as forty years ago, and 

involve thinking about the flows of materials 

through an economy, reduction of waste, 

and a symbiosis between industry and 

ecology (Ekins et al., 2019). Since then, the 

term has developed and evolved and is now 

in popular use in industry, government, and 

many disciplines of research. 

For many people, their first thought 

when they hear ‘circular economy’ is 

probably recycling; collecting up waste 

and doing something useful with it. While 

important, recycling is only the backend 

of CE – CE is much more than this. It asks 

for a whole systems approach (Fig. 1), or 

as the Ellen MacArthur Foundation says, a 

‘systems solution framework that tackles 

global challenges like climate change, 

biodiversity loss, waste, and pollution’. The 

championing, study, and popularising of 

the CE by the Ellen MacArthur Foundation, 

which formed in 2010, has been key to the 

growth of this concept.

CE principles are now widely proposed 

as a solution to the impacts of materials 

use and we are seeing increasing uptake 

of these principles in government and 

industrial strategy. The European Union 

was one of the first to use CE principles as 

a key platform for its economic growth and 

research, development and innovation. In 

the UK, the Department for Environment, 

Food and Rural Affairs uses CE principles 

as a primary way to reduce waste and the 

carbon footprint associated with materials 

use. This was one of the drivers for setting 

up the UKRI National Interdisciplinary 

Circular Economy Research (NICER) 

programme – a four-year £30 million 

investment programme aimed at moving 

the UK towards a circular economy, of 

which Met4Tech is one key part.

Within the NICER programme there 

are five centres focusing on construction 

materials, textiles, chemicals, major metals 

and technology metals (Met4Tech) with 

a coordinating centre – the CE-Hub 

(www.ce-hub.org). By bringing industry, 

academics, policy makers and civil society 

together, the ambition of the programme 

is to deliver research, innovation, and the 

Figure 1: The Ellen MacArthur Foundation devised the famous ‘butterfly diagram’ of CE. The left-hand side wing deals with biological flows and the right-hand side wing 
deals with material flows – those that are most important to us as geoscientists. The mining truck symbolises primary production from mining (and the derrick, oil and gas).
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evidence base to move the UK towards 

a resilient, inclusive, restorative and 

competitive UK circular economy.

Given the importance of the extractive 

industry in providing all non-biological raw 

materials, it would be a pity if it was left 

‘hanging off the end’ (albeit the front end) of 

CE programmes, and mistakenly perceived 

as being contrary to CE principles. The idea 

that the ‘circular economy will end mining’ 

is certainly a phrase that is heard from time 

to time. However, while the ‘virtuous circles’ 

of materials that recycle into new products 

time and again may look encouraging, 

they don’t show an accurate picture of 

the significant inflows of new raw material 

resources that will be needed to combat 

climate change and to attain the sustainable 

development goals.

Application to exploration  
and mining
The Ellen MacArthur Foundation defines 

the CE on the principles of ‘designing out 

waste and pollution, keeping products and 

materials in use, and regenerating natural 

systems’. All of these can be applied to 

exploration and mining. 

Consideration of how to design out 

waste and pollution is possible even at the 

first desk-study phase of an exploration 

campaign by incorporating this criterion 

into the choice of the ore types to target. 

Techniques such as life-cycle assessment 

can be incorporated into mine design 

even before the definitive feasibility study, 

giving plenty of options to make substantial 

improvements.   

Keeping products and materials in 

use is certainly possible. Even though 

they are only extracted from Earth once, 

metals are some of the most sustainable 

materials and with good stewardship, they 

can be used multiple times again (Smith 

& Wentworth, 2022). According to the 

International Aluminium Institute, 75% of 

all the aluminium ever produced is still use 

today. Smelter/refiners are key players and 

mining companies that do this second stage 

of producing metals or compounds ready 

for manufacturing can take part in this form 

of CE. Some specialist metals such as rare 

earths are hardly re-used or recycled at all. 

Although technical solutions to recycling 

are on the way, better stewardship demands 

more joined-up thinking throughout the 

value chain, including innovation to ensure 

longer use and re-use.

While the term ‘regeneration’ in figure 1 

was intended, presumably, to refer to 

the biological cycle, it also applies to 

mining operations, where regeneration of 

natural systems to preserve and enhance 

biodiversity is an important aspect of a 

responsible operation. The gold mine at 

Otjikoto in Namibia is an example of a mine 

with an extensive rewilding scheme that 

enhances the environment now and will still 

provide employment after mining ends. 

The importance of critical minerals 
The critical minerals agenda has been useful 

in securing the involvement of geoscience 

in CE research. Many of the raw materials 

deemed critical (economically important 

but vulnerable to supply disruption) are the 

specialist technology metals needed to 

manufacture clean technologies such as 

electric vehicles, wind turbines, fuel cells 

and solar panels. Influential reports from the 

International Energy Agency and The World 

Bank emphasize how much supply of these 

technology metals must increase in coming 

years to meet climate change targets. For 

cobalt, this could be up to five times more, 

and for lithium, this might be up to 40 times 

more (IEA, 2021). 

There is no doubt that recycling materials, 

whilst vital, cannot meet growing demand 

– new exploration and mining is essential. 

Any integrated approach to a new, circular 

system for these materials must involve 

new primary supply, and, given the required 

accelerated use of clean technologies to 

achieve net zero, this supply must meet 

high standards of responsible mining. 

The door is open to whole systems 

thinking, including exploration, extraction, 

processing, manufacturing, use, re-use, 

remanufacturing, and recycling. 

The UK Critical Minerals strategy 

published in July 2022 (BEIS, 2022),contains 

both the desire to accelerate new 

production, particularly where there are 

opportunities to mine lithium, tin,  tungsten 

and copper in the UK, and the need for 

better CE approaches, especially to capture 

end-of-life critical materials.  

The data gap
A problem that very quickly arises when 

thinking about the CE is how to find data 

about the stocks and flows of metals and 

their original minerals. Information on 

the original raw materials is published by 

geological surveys but data for the in-

use stocks and flows are more difficult to 

establish. Reasonable data are available 

for some of the major metals, but for the 

specialist technology metals, data are few 

and far between.  The Met4Tech team 

is researching how to create a virtual 

data observatory for the UK, applying the 

geological skills of raw materials information 

at the British Geological Survey to acquire 

knowledge throughout the whole value 

system. 

Mine waste
Mine waste is probably the first thing that 

geologists think of when considering how 

to apply CE to mining. It is the world’s 

largest waste stream, with estimates in the 

region of 100 billion tonnes of solid waste 

from the primary production of mineral 

and metal commodities every year (Tayebi-

Khorami et al., 2019). All mining companies 

would like to reduce this burden. There are 

a number of avenues being explored to 

do this including reassessment of tailings 

and other waste products of mining as a 

source of value, re-mining the wastes using 

techniques such as bioleaching, improved 

resource efficiency through identification 

of additional value streams, and reducing 

resource sterilisation during operations.

Value streams are not just metalliferous 

products but can include aggregates 

from waste rock, sand-products from 

crushed gangue material, land space from 

remediation of tailings and waste rock, 

water from dewatering activities and heat 

from implementation of heat exchangers. 

There is even the possibility of using mine 

tailings, particularly those associated 

with mafic and ultra-mafic magmas, as 
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feedstock for enhanced rock weathering 

and mineral carbonation to aid atmospheric 

CO2 drawdown (e.g. Bullock et al., 2021; 

James et al., 2021). 

More difficult but a better CE solution is to 

avoid producing the waste in the first place, 

for example, by developing new mining 

engineering technologies for selective 

mining of narrow vein ores or solution 

mining that dissolves out only the minerals 

of interest.

Co-products and by-products
Many metals, especially technology metals, 

are recovered as by- or co-products 

of the more abundant major industrial 

metals. Cobalt is a common co-product 

of sedimentary-copper mines, while 

tellurium, selenium and indium are hidden in 

sulphide ores of copper, zinc and gold until 

recovered as by-products during smelting. 

The dependency of many critical metals 

on other major metals has been discussed 

for some time and is epitomised from the 

metallurgy point of view by the metals 

wheel concept developed by Markus  

Reuter (2018). 

The Met4Tech team is taking a CE view 

more from the front – beginning with 

exploration geology and considering 

potential co/by-products as an essential 

part of the metallogenic character of a 

deposit (Fig. 2). Our research is identifying 

the economic and regulatory barriers to 

improved by-product production and 

advocating for improved material efficiency 

through the inclusion of by/co-products 

in resource and economic planning at 

all stages of mining. By utilising cutting-

edge machine learning and automated 

mineralogy, we are tracking by-products 

from ore in the ground through the 

mining and beneficiation cycle, developing 

workflows that can plug the by-product 

data gap in the extractive industry. 

Met4Tech interventions across the mining 

and beneficiation process aim to highlight 

data gaps and develop new procedures, 

processes and technologies to promote 

efficient sustainable extraction of essential 

technology metals.

Integrated thinking
CE thinking can go further. In Met4Tech, 

we have been researching alongside the 

exploration for the technology metals: 

tin, tungsten and lithium, and geothermal 

energy in Cornwall and West Devon. There 

are more than ten active projects in this 

150-km-long region of the UK. Each focuses 

on developing its own deposit(s) through 

the various stages of exploration. Our 

research is looking at synergies between the 

projects, including the possibilities for more 

joint solutions for ores and wastes in future 

mines, as well as possible reprocessing 

of old mine wastes (see box ‘Cornwall 

Case Study’). For example, cassiterite 

(SnO2) is the main tin mineral in all the 

granite-related ore deposits in Cornwall 

and West Devon, giving the potential for 

collaboration between projects, and for 

2

Figure 2: Met4Tech interventions across the mining and beneficiation process aim to highlight data gaps and develop new procedures, processes and technologies to 
promote efficient sustainable extraction of essential technology metals.
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CORNWALL CASE STUDY
In SW England, there 

is a potential nexus 

between stocks of 

tailings, from historical 

copper and tin mining 

and contemporary 

china clay (kaolin) 

extraction activities, 

and a resurgence in 

interest in minerals 

projects. There have 

been initiatives by 

various companies to 

adopt more circular 

practices, with the 

co-production of 

metals, heat and 

energy to enable more 

value to be captured 

from single sites, and 

reassessment of wastes 

as potential feedstocks 

for mineral processing 

plants.

For example, in 

the Innovate UK-

funded ‘Combined 

production of Lithium 

and China Clay in 

Cornwall’ project three 

companies explored 

the co-production 

of lithium and china 

clay in Cornwall. The 

St Austell Granite is 

an important source 

of china clay and also 

hosts signifi cant grades 

of lithium within Li-

mica minerals. These 

minerals are separated 

from kaolinite during 

the production of china 

clay and stored at 

tailing facilities or sold 

as by-products in the 

aggregate industry. 

The value of the 

natural resources in SW 

England is broader than 

just the main metal 

of interest: by- and 

co-product metals and 

materials, aggregate 

production, water 

treated to alleviate acid 

mine drainage, mine 

water geothermal, 

under- and above-

ground space and 

infrastructure are all 

potential sources of 

value. Whether it is 

possible for this value 

to be captured requires 

further feasibility 

studies, collaboration 

between di� erent 

industries, and holistic 

‘people-planet-

prosperity’ cost-benefi t 

analysis.
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the incorporation of legacy waste from 

previous mining if the cassiterite was not 

removed completely. In conjunction with 

the exploration companies, the Met4Tech 

team are carrying out mineralogical analyses 

of mine wastes and life-cycle assessments 

of potential processing combinations to 

test these possibilities. Integrating with 

existing businesses and landscape and, in 

this region, a UNESCO mining landscape 

world heritage site is also part of the CE 

approach. There are also good possibilities 

for joint metals and geothermal energy 

production, including lithium extraction 

from geothermal brines and using new and 

old mines as sources of geothermal energy.  

Perhaps an obvious point is that if projects 

‘dig and ship’ ore concentrate to other 

countries for processing, the opportunities 

for the region to benefit from the rest of 

the value chain and recycling are lost. So, 

in addition to embedding circular economy 

practices within day-to-day company 

operations, it is important to identify and 

develop the core nodes, such as the 

smelter/refiner stage, that enable material 

recirculation in a CE industrial ecosystem. 

Interdisciplinary research  
and solutions 
Geoscientists (and miners) often use 

the kind of CE diagram (Fig. 3) that is 

produced by the European Institute of 

Innovation & Technology (EIT) Raw Materials 

Knowledge and Innovation Communities 

(KIC). However, this is a technology 

focused diagram that emphasises the 

production and recycling of the materials 

parts of the CE but condenses all of the 

circular cascades of use, repair/recover 

and reuse (the highest value part of the 

system) into one small segment. The CE 

is about technical solutions and business 

models, and social behaviours. Research 

on raw materials is just one theme in 

Met4Tech; other colleagues are devising 

manufacturing solutions to facilitate better 

recycling, applying life-cycle assessment 

to determine the most environmentally 

advantageous solutions, making social 

studies of road mapping and responsible 

innovation, creating agent-based models to 

test future flows of technology metals, and 

considering regulatory measures to improve 

circularity of metals flows. This takes us 

back to the aim of Met4Tech in bringing all 

these aspects together to create a national 

roadmap that can lead the UK towards 

a new circular economy for technology 

metals – one that highlights good practice, 

opportunities and challenges. 

An integrated and circular value chain for 

the technology metals will be needed for 

the energy transition and will be essential 

both for security of supply and sustainability. 

CE approaches should start by thinking 

about what we really need, and how to 

make best use of the materials. To combat 

climate change, we know that we need to 

bring greater quantities of many technology 

metals into circulation very quickly. 

Geoscientists sit right at the front of this 

new technology metals circular economy 

system, and right from the first stages of 

exploration can contribute to more circular 

and sustainable solutions. 

3

Figure 3: An example of a CE diagram that emphasises the technological aspects of the circular economy. 
(Reproduced with permission from EIT RawMaterials GmbH; www.eitrawmaterials.eu). 
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PALAEO 
-ANTARCTIC 
ICE Richard Blaustein discusses a recent breakthrough 

in the numerical modelling of transient and 
permanent palaeo-Antarctic ice sheets

Antarctica. An orthographic 

projection of NASA’s Blue 

Marble data set 2002
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A
T  T H E  E O C E N E /

O L I G O C E N E 

T R A N S I T I O N  (EOT), 

around 34 million years ago 

(Ma), a continental-scale 

ice sheet developed in Antarctica. Many 

scientists consider the EOT to be the most 

consequential transformation of the Earth 

system during the Cenozoic – the current 

geological era going back 65 million years 

(for example, DeConto & Pollard, 2003; 

Bagniewski et al., 2022). The vast ice sheet 

is believed to have had a major effect on 

global climate and sea level, marking the 

start of the current icehouse conditions 

(when ice is present on Earth) in which 

we still live. While the ice sheet likely 

diminished in the subsequent Miocene 

(23–5 Ma), the Antarctic has apparently 

been continuously glaciated ever since 

the EOT.

Long-standing discussions on the 

factors or forcing mechanisms controlling 

the growth of the Antarctic ice sheet at 

the EOT point towards the importance 

of a declining trend in atmospheric 

CO
²
 concentrations throughout the 

late Eocene to Oligocene. Additionally, 

variations in Earth’s orbit play a significant 

role, while the thermal isolation of the 

Antarctic continent by the Antarctic 

Circumpolar Current would have also 

strengthened the stability of the glaciation. 

Once established, such large-scale polar 

ice sheets are thought to persist because 

positive feedback mechanisms maintain 

the glaciation and the thresholds (or 

tipping points) for ice-sheet growth and 

decay are different – a process known as 

hysteresis (see Box: Hysteresis). Hysteresis 

attracts much interest in climate science 

because it features in diverse biomes and 

regions, including the Amazon rainforest, 

as well as in reconstructions of the past 

and in future scenarios for Antarctica, and 

helps to frame abrupt change on societal 

time scales. In their paper looking at the 

different trajectories for the future of 

Antarctic hysteresis in context of global 

warming, Garbe and colleagues (2020) 

write, “Each of these thresholds give 

rise to hysteresis behavior: that is, the 

currently observed ice-sheet configuration 

is not regained even if temperatures are 

reversed to present-day levels.” Hysteresis 

also encompasses the reverse: once 

Antarctic glaciation is established at a 

given CO
²
 level (along with other factors), 

deglaciation would occur at a higher CO
²
 

level than when the glaciation took hold.

While research has illuminated the 

factors that controlled Antarctic ice-

sheet growth during the EOT, challenging 

questions persist. One looming riddle 

concerns isotopic and geological evidence 

(such as the presence of ice-rafted debris 

near Antarctica) for transient continental-

scale glaciations earlier in the Eocene. 

Given our understanding of hysteresis, 

how then did we get large-scale, episodic 

glaciations? And how did glaciation finally 

take hold at the EOT?

Such transient glaciations had eluded 

climate modelling. However, Jonas Van 

Breedam and Philippe Huybrechts at 

the Vrije Universiteit Brussel, Belgium, 

together with Michel Crucifix at the Earth 

and Life Institute at UCLouvain, Belgium, 

have now modelled these specific 

palaeo enigmas (Van Breedam et al., 

2022a, 2022b). Their results show that 

transient continental-scale glaciations 

can be reproduced computationally 

when specific thresholds for atmospheric 

CO
²
 concentrations, solar radiation, and 

Antarctic bedrock topography are met.

A novel modelling approach

Modelling glaciations is challenging 

because the extended timeframe for ice-

sheet development and evolution must 

be matched with the rapid timeframe 

for atmospheric processes. “You face 

modelling issues every time you have 

to consider processes that involve very 

different timescales,” Michel Crucifix 

explains, highlighting that ice-sheet 

build-up takes tens of thousands of years, 

while the atmosphere dynamics typically 

occur over a matter of weeks, even days. 

“To get the best of both worlds, we need 

an ice-sheet model that has enough 

physics to be realistic, to grow and shrink 

with the right timescales, and we need 

an atmosphere model that has enough 

physics to capture the nonlinear impacts 

of the growth and decay of the ice sheet 

on precipitation, the jet stream and the 

like,” Crucifix says.

So, the researchers developed and 

employed the intermediary Gaussian 

Process Emulator CLISEMv1.0 model 

that couples the HadSM3 climate model 

with the AISMPALEO dynamical ice-sheet 

model (Van Breedam et al., 2021) for 

both the pre-EOT and EOT glaciations. 

Crucifix describes the emulator as a sort of 

‘meta-modelling’ strategy that statistically 

analyses the atmosphere data for the 

data points that the ice-sheet model can 

employ, while Jonas Van Breedam, whose 

PhD research included work on creating 

the Gaussian Process Emulator, explains 

that the Emulator is “a statistical tool that 

grasps the climatic output when you do 

a large number of climate model runs for 

a wide variety in the forcing parameters”. 

Doing so, the Emulator can estimate the 

climate for any input combination in the 

Hysteresis 
attracts much 
interest in climate 
science because  
it features in  
diverse biomes and 
regions, including 
the Amazon  
rainforest
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HYSTERESIS
Hysteresis is the dependence of the 

state of a system on its history. For ice 

sheets this means that the thresholds 

that enable glaciation are different 

from those that enable deglaciation. 

In the (grossly simplified) illustration 

here, which is adapted from Garbe 

et al., (Nature 2020; https://doi.

org/10.1038/s41586-020-2727-5), 

once the threshold of (for example) CO
²
 

concentrations and global temperature 

for ice-sheet formation is reached, the 

expansion becomes self-reinforcing 

and accelerates until a new equilibrium 

state is reached. If CO
²
 concentrations 

and global temperature then return 

to their previous levels, the ice sheet 

doesn’t immediately decay to its former 

state. Instead, even greater atmospheric 

CO
²
 concentrations and warmer global 

temperatures are required to establish 

large-scale melt – the glaciation and 

deglaciation thresholds are different.

forcing parameters without the need to 

run the climate model again. This reduces 

the need for multiple model runs, which 

are computationally expensive, and helps 

fill any gaps in the data needed for palaeo-

Antarctic modelling.

Once set-up, the Emulator allows the 

exchange of information with the ice-

sheet model in a computationally very 

efficient way, “an additional advantage for 

paleoclimatic modelling for computational 

limits that are challenging”, Van Breedam 

adds.

Pre-EOT

Van Breedam and colleagues applied this 

methodology for conditions relevant to 

the pre-EOT, for the period between 38 

Ma to 32 Ma. The researchers used as 

model inputs a synthesis of recent CO
²
 

estimates, orbital parameters, and two sets 

of bedrock topographic reconstructions 

with different maximum and minimum 

elevations. They conducted one hundred 

HadSM3 climate model runs with an 

atmospheric CO
²
 range of 550 to 1,150 

parts per million by volume (ppmv).

The model results show that transient 

continental-scale glaciations could have 

occurred at about 37 Ma and 35 Ma, with 

key external forcings being atmospheric 

CO
²
 levels and planetary orbital 

parameters. Specifically, a pre-condition 

for large-scale glaciations is a low summer 

insolation because the amount of solar 

radiation reaching Antarctica during the 

southern hemisphere summer determines 

whether or not ice is melting there. 

This condition, in combination with low 

atmospheric CO
²
 concentrations, could 

have been achieved at about 37 Ma, 

leading to Antarctic ice-sheet expansion. 

Importantly, due to the movement of 

Earth’s perihelion (the point closest to 

the Sun) along the orbit and continuous 

variations in the obliquity of Earth’s orbit, 

summer insolation rose to a level that 

would have halted the glaciation within 

ten thousand years (ka). Continental-scale 

growth of the ice sheet is only possible if 

the eccentricity of Earth’s orbit remains 

small for a very long time, offsetting the 

shorter orbital variations. Eccentricity 

minima occur roughly every 100 ka, but 

times of sustained minima occur less 

frequently, mostly every 400 ka, with even 

longer eccentricity minima occurring 

every 2,400 ka. With low eccentricity, 

sustained low levels of solar radiation can 

then trigger a robust continental-scale 

glaciation, provided the atmospheric CO
²
 

concentration is low enough: “The orbitals 

and the CO
²
 are forcing agents that have 

similar effect so that when you combine 

them the effect can be stronger,” Van 

Breedam says.

The results also show that the threshold 

at which the atmospheric CO
²
 levels 

can trigger a glaciation depends on the 

bedrock topography – higher bedrock 

topography enables ice-sheet expansion 

under a lower CO
²
 threshold because 

ice forms more easily at higher, cooler 

altitudes. This implies that during pre-

EOT times, large-scale glaciations would 

have been more likely to be enabled if the 

Antarctic had high bedrock topography. 

The decline of the ice sheets then 

occurred when “CO
²
 values exceeded 

the bedrock-dependent CO
²
 threshold” 

(Van Breedam et al., 2022a). Overall, the 

transient glaciations suggest a strong 

hysteresis effect leading to the growth 

of ice sheets, because it was found that 

the forcing required to melt the ice sheet 

needs to be significantly higher than the 

forcing required to induce the ice-sheet 

growth.

EOT hysteresis

The researchers also employed their 

modelling technique to the EOT itself, with 

the results presented by Van Breedam at 

the European Geosciences Union (EGU) 

meeting in 2022 (Van Breedam et al. 

2022b). The results show that the bedrock 

You face 
modelling issues 
every time you 
have to consider 
processes that 
involve very 
different  
timescales
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topography again had a large influence on 

the hysteresis effect. The researchers also 

investigated the effect of isostacy, whereby 

the ice sheet’s weight deflects the bedrock 

beneath, lowering potential ice-sheet 

height and effecting temperature (the 

elevation feedback). They found isostacy 

to be prominent negative feedback that 

slows ice-sheet growth, while enhancing 

hysteresis (that is, widening the glaciation-

deglaciation threshold difference).

Van Breedam emphasises that thresholds 

are much more pronounced when the ice-

albedo feedback is adequately considered. 

When tundra vegetation is replaced by ice, 

the amount of reflected solar radiation 

is increased, and this has a significant 

effect on the surface temperatures with 

local cooling. Previous studies of long-

term climate-ice sheet feedbacks did not 

properly account for this feedback, Van 

Breedam says. In his EGU presentation, 

he offered the novel quantification that 

when an ice sheet attains 30% coverage 

of Antarctica, there is a rapid increase in 

ice formation, underscoring the nonlinear 

impact of the ice-albedo feedback.

Tipping points

Crucifix emphasises that the findings 

from the pre-EOT continental glaciation 

study “basically change our sense of what 

a tipping point is” because tipping point 

hysteresis has been understood as “you 

cross a threshold, and you get an all or 

nothing phenomenon”. However, the 

team’s work shows that this is not the 

case. Crucifix explains, “We know there is 

hysteresis behavior in ice sheets because 

there are good physical reasons – ice-

albedo feedback, the elevation feedback 

and all the like. But here, we have a proper 

ice-sheet model that has hysteresis 

behavior, but we are outside of equilibria 

because we have transient dynamics, 

and it is no longer an all or nothing 

phenomenon.”

Alexander Robinson, a climate 

scientist and cryosphere modeller at the 

Complutense University of Madrid, Spain, 

and not affiliated with the study, feels the 

researchers’ Emulator innovation is very 

auspicious for modelling past ice-sheet 

dynamics. “I think the Gaussian Emulator 

does it in a way that is robust and much 

more effective than the past method we 

had that was just linearly interpolating 

between [climate] snap shots,” Robinson 

says. He adds that modellers looking at 

the future stability of Antarctica will also 

gain from Van Breedam, Huybrechts, 

and Crucifix’s findings and technique, 

especially because it matches geological 

evidence. “If we are going to have an ice-

sheet model and run it for the future, we 

need to be confident that it is able to show 

us what happened in the past in a robust 

way,” Robinson says. “The more pieces of 

the puzzle of the past that the model does 

well gives us more confidence that we are 

doing things right in the future.” 

R I C H A R D  B L A U S T E I N
Richard is a science, 
environmental, and 
legal journalist based in 
Washington, DC, USA

This report is based on work presented in 
Van Breedam et al. (Earth Planet. Sci. Lett. 
586, 117532, 2022) and at the 2022 European 
Geosciences Union meeting (Van Breedam, J., et 
al., EGU General Assembly 2022, EGU22–1501), 
as well as discussions with Jonas Van Breedam 
at the Vrije Universiteit Brussel, Belgium, 
Michel Crucifix at the Earth and Life Institute 
at UCLouvain, Belgium, and with Alexander 
Robinson at the Complutense University of 
Madrid, Spain.

Im
ag

e 
cr

ed
it

: S
ig

g
y 

N
o

w
ak

 f
ro

m
 P

ix
ab

ay



32 GEOSCIENTIST  |  WINTER 2022

HISTORY

T
H E  O X F O R D  University 

Museum of Natural History 

(OUMNH) now plays an 

important role in promoting 

science, as well as serving 

as a key resource for researchers. But 

it was long in gestation, and, according 

to O’Dwyer (1997, p. 154), the very idea 

of setting up a science museum was a 

controversial topic within a university 

where “theology still regarded science 

with misgivings if not with contempt”.

Nevertheless, science had some 

champions in Oxford. In 1847, after a 

meeting of the British Association for the 

Advancement of Science held in Oxford, 

Henry Acland [1815–1900], later Professor 

of Medicine at Oxford, along with some 

of his scientifi c colleagues, published a 

Memorial, advocating “the erection of an 

edifi ce within the precincts of the University 

for the better display of materials illustrative 

of the facts and laws of the natural world”. 

To make an impact, the Memorial 

required the signatures of all the principal 

teachers of science in the university. This 

included William Buckland [1794–1856], 

canon of Christ Church, Reader in 

Mineralogy, Reader in Geology, and 

probably the only Oxford man of science 

who had considerable infl uence within the 

university. 

A surprising refusal 
When Acland sent a draft of the letter to 

Buckland on Christmas Day 1847, requesting 

his signature and support, he was surprised 

and disappointed by Buckland’s reply: 

“Some years ago I was sanguine, as you 

are now, as to the possibility of Natural 

History making some progress in Oxford, 

but I have long come to the conclusion 

that it is utterly hopeless. The idle part of 

the young men will do nothing, and the 

studious portion will throw their attention 

into the channel of Honours and profi ts 

which can alone be gained by the staple 

subjects of Examinations for Degrees and 

Fellowships. …I therefore return the paper, 

which I think it would be a useless mockery 

to put my name to.”

Fortunately, Acland and his initial 

signatories did not give up. In 1849, the 

university convocation voted in favour of a 

science building and appointed a delegacy 

to study the matter in more detail. The 

foundation stone was laid by the Earl of Derby 

in 1855, and the museum opened in 1860.

Science throughout
Acland was “of opinion that no ornament 

should be employed which had no 

signifi cance with reference to the object of 

the building”. The object was science, and 

geology – championed by the geologist 

John Phillips [1800–1874], fi rst Professor of 

Geology at Oxford – played a key role. As 

Phillips explained in his pamphlet The Rocks 

and Fossils of the Oxford Museum:

“The stone of which the Museum is built, 

and the marbles which are employed in the 

internal decoration… were indeed in part 

selected for the purpose of adding to the 

illustrations of that science.”

It was a wonderful idea. “The lovely 

Museum rose before us like an exhalation,” 

proclaimed the ‘radical parson’ the Rev. 

William Tuckwell, in his Reminiscences 

of Oxford. “The shafts of the interior 

arches, representing in their sequence the 

succession of British rocks, sent us into 

the Radcli� e Library for the mastery of 

geological classifi cation.” A great result! 

Sources
•   Morgan, N. & Powell, P. (2022) A Story in Stone: 

The Geology of the Oxford University Museum 
of Natural History. Geologica Press, 160 pp. 
Available from www.gravestonegeology.uk

•   O’Dwyer, F. (1997) The Architecture of Deane & 
Woodward. Cork University Press, 680 pp.

A full list of sources is available at 
www.Geoscientist.Online

N I N A  M O R G A N
Nina is a geologist and science 
writer based near Oxford, UK. 
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T
H E  R A C I A L  and ethnic 

diversity crisis in 

geoscience in the Global 

North is now well-

documented in both the 

UK and USA (for example, Bernard and 

Cooperdock, 2018; Dutt, 2020; Dowey 

et al., 2021). This is an issue throughout 

the pipeline of academic progress 

and careers (Leading Routes, 2019): 

low numbers of students from diverse 

backgrounds join undergraduate 

geoscience degrees and, typically, 

even lower numbers of these students 

are retained in postgraduate research, 

leading to dire representation at faculty 

and leadership levels in academia and 

research in industry.

The disparity in representation in 

our subject is a result of structural, 

cultural, and organisational biases. These 

inequities range from academia-wide 

issues, such as an awarding gap between 

white and ethnic minority students, to 

geoscience-specifi c issues, including 

legacies of colonialism and resource 

exploitation, fi eldwork accessibility, 

discriminatory stereotypes, a lack of 

visible role models, and poor perceptions 

of careers.

Geoscientists cannot ignore these 

problems – they must be addressed. Our 

subject is crucial in addressing global 

challenges, and we must work with 

people from all walks of life to overcome 

these issues. Geoscience knowledge is 

Access to geoscience research is not equitable. 
Munira Raji, Rebecca Williams and Natasha Dowey 

discuss the Equator Research School, which set out to 
increase access and participation in doctoral study and 
beyond for ethnic minority students in the geosciences

Widening 
participation: 
Lessons from 

the Equator 
Research School

The Equator Research School participants
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critical for an equitable and sustainable 

future; but how can we achieve this if we 

do not have equity within our discipline?

The Equator project
In December 2021, the Equator project 

was awarded six months’ worth of funding 

by NERC to tackle specific issues around 

widening access and dismantling barriers 

to postgraduate research and research 

careers. The project aimed to develop: 

(1) a working group of doctoral training 

organisations to remove discriminatory 

recruitment practices that act as barriers 

to underserved groups; (2) a mentoring 

network to improve sense of belonging 

and retention; and (3) a Research School 

to increase access to and participation 

in doctoral study and research careers 

(Dowey et al., 2022). Here we discuss the 

Research School: how it went, whether it 

worked, and, importantly, how it can be 

replicated by others, both in academia 

and industry, to further the impact of the 

intervention. 

Equator was novel; it brought together 

academics from multiple universities 

across England and, crucially, united 

Geography, Earth and Environmental 

Sciences (GEES) in tackling issues that 

affect our entire discipline. Equator was 

developed by a diverse steering group 

community of academics, students, 

professional bodies, grassroots networks, 

the public sector, and those with 

experience in widening participation.

The Research School 
We worked in our community to co-create 

a plan for the Research School using a 

Theory of Change method, which explains 

how a set of interventions will lead to 

developmental change. First, we identified 

our end goal: to increase participation 

and retention of ethnic minority students 

in geoscience postgraduate research. 

Then, we identified changes that would 

contribute to that goal, such as an 

increased sense of belonging, confidence, 

and awareness of research careers. We 

then developed interventions to achieve 

those changes, for example, increasing 

confidence in moving into geoscience 

research through targeted applications 

training, or increasing awareness of 

postgraduate careers by showcasing the 

PhD journey of mentors with shared lived 

experiences. In just six months, Equator 

could not hope to tackle the many 

structural inequities that contribute to low 

representation in geoscience, but, through 

the Research School, we sought to create 

an intervention that impacted student 

experience factors, such as the sense of 

isolation felt due to structural inequities.

We spent considerable time planning 

the details of the Research School to 

ensure it was as inclusive as possible. The 

school was ring-fenced for British citizens 

from ethnic minority backgrounds, who 

were over 18 years old and currently 

studying or graduates of GEES subjects. 

Thirty eligible applicants were chosen 

at random to participate in the school 

using a lottery system. The demographics 

of the participants were highly diverse 

(for full details, see Dowey et al., 2022). 

Participants were paid for their time and 

expenses so as not to exclude any who 

were missing paid work or had caring 

responsibilities. The school was residential 

in a city centre location central within 

the UK (Sheffield) and held over five days 

in April 2022. The timing of the funding 

meant that the school unavoidably fell 

during Ramadan, so accommodations 

were planned in advance, with breaks at 

prayer times, no food during networking 

sessions, and proximity to prayer spaces. 

We developed a code of conduct to 

ensure the safety of all participants and 

gave much thought to the invited speakers 

to ensure that appropriate role models 

and trainers were involved in the event.

The Research School was designed to 

take two streams: one for undergraduates 

and postgraduate Master’s students, and 

one for PhD students and postdoctoral 

researchers. The programme began 

with two days of sessions with all 

participants, including networking time, 

training in science communication, an 

introduction to academic publishing 

and pre-printing, and a workshop on 

public profiles and visibility. The streams 

were then split for two days of targeted 

training on funding, grants and fellowship 

writing (PhD/postdoctoral researcher 

stream) and an introduction to PhDs, 

applications training, CV and interview 

sessions, presentation skills, and PhD 

careers sessions (undergraduate/

Master’s stream). Opportunities for daily 

interactions between all participants, 

speakers, mentors, and the Equator 

project team were provided throughout. 

The participants were exposed to and 

heard talks from diverse role models at 

various stages of their research careers. 

On the final day, all participants presented 

on a research topic of their choice at a 

conference-style session to bring the 

school to a close.

Research School results
We took an action-research-based 

approach, whereby we consulted with 

participants in formal, anonymous online 

surveys before and after the Research 

School to evaluate participants’ experiences 

and reflections. We also provided informal 

methods for feedback during the school 

Our subject is 
crucial in addressing 
global challenges, 
and we must work 
with people from 
all walks of life to 
overcome these 
issues

E Q UAT O R  R E S O U R C E S
The Equator project: https://equatorresearchgroup.wordpress.com/
Read the full report here: Dowey, N.J. et al. (2022) The Equator Project  
– Full Report. EarthArXiv Preprint; doi.org/10.31223/X5793T
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Figure 1 – Building successful interventions  
to improve access and inclusion in  
postgraduate research
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itself. Additionally, the Equator project team 

attended the Research School all week, 

leading and/or participating in sessions, 

and made informal observations of how 

the school was going based on participant 

engagement, speaker feedback, and the 

overall atmosphere of the event. We used 

early participant feedback to help us frame 

some sessions and used the survey results 

to conduct the fi nal formal evaluation of 

the school’s success against the changes 

we set out to achieve in our original theory 

of change.

The surveys showed that the Research 

School met all its immediate objectives 

(see online article for results graphics). 

Participants overwhelmingly agreed that 

the school had given them an improved 

awareness of geoscience research careers, 

broader networks, an increased sense of 

belonging, a more favourable opinion of      

research careers, and more confi dence 

about the possibility of moving forward 

with a career in geoscience research. 

These data were supported by informal 

observations by the team; we saw the 

growing confi dence and engagement 

of participants throughout the week, we 

watched personal connections being made, 

and saw after-school walks and dinners 

planned independently by the participants. 

The atmosphere throughout the week was 

positive, and made the whole team and 

participants alike start to ask: When can we 

do this again? Why can’t this happen more?

Impact and replication
The Equator project had a signifi cant 

impact that will hopefully be lasting for 

those who attended. However, due to 

limited funding, the school could only 

impact 30 students and, due to the time-

limited nature of the project, we cannot 

follow the future progress of the students in 

a formal study.

To help others working in this area, we 

have put forward a set of recommendations 

for building e� ective interventions 

to improve access and participation 

in geoscience subjects (Fig. 1). We 

recommend doing this amidst a backdrop 

of broader work to remove structural 

inequities, including the removal of bias 

from application and awards procedures, 

as well as tackling awarding gaps. We must 

also work to decolonise our subjects, 

by facing up to the centuries of colonial 

attitudes and origins that underpin the 

creation of much geoscientifi c knowledge. 

Targeted e� orts
Equator showed that ring-fenced, 

discipline-specifi c, fully funded 

interventions work. We should not shy 

away from this – we must target our e� orts 

where needed most, and ensure those 

e� orts are relevant and accessible. The 

project also demonstrated the importance 

of working with a diverse group of people, 

across multiple contexts and from multiple 

backgrounds, to create interventions. We 

must ensure that the voices of historically 

excluded communities are involved in co-

creating and refl ecting on the best ways to 

widen participation. It is important to take a 

long-term view; Equator had already built a 

community prior to being funded, but six-

month projects do not provide enough time 

to build trust, develop a strong community, 

and design and implement actions. Longer 

projects are needed to build e� ective 

interventions and to observe and measure 

the impact of those interventions over time. 

The time given to ensuring the Research 

School was as inclusive as possible was 

invaluable in achieving its outcomes. 

Detailed planning was crucial to create 

a safe space for participants. Equally, the 

time spent considering who were the 

right people to involve, and ensuring all 

speakers were compensated fairly for 

their involvement, was vital in creating the 

right atmosphere for the school, and for 

providing a full and transparent picture 

to the participants. After all, research is 

not about writing a thesis in a vacuum. 

It is about communication, confi dence, 

presenting – a whole spectrum of skills and 

experiences – and can lead to a variety of 

careers, far beyond academia.

Equator was a one-o�  event with limited 

funding, and we don’t know if it will be 

repeated or in what form. We want to 

see more funding for projects and events 

that widen participation in geoscience. 

Diversifying our discipline should fall on 

all of our shoulders – it is a matter of 

social justice. To ensure the equitable, 

sustainable future that geoscience is 

essential for creating, we need equity 

and representation within our discipline. 

Everyone should consider how they can 

fund or support initiatives like Equator

within their own contexts. 

F U R T H E R  R E A D I N G
A full list of further reading is available 

at geoscientist.online.
•   Bernard, R.E. & Cooperdock, E.H.G. (2018) 

Nat. Geosci. 11, 292–295.
•   Dowey, N.J. et al. (2021) Nat. Geosci. 14, 

256-259.
•   Dutt, K. (2020) Nat. Geosci. 13, 2-3.
•   Leading Routes (2019) The Broken Pipeline 

Report; https://leadingroutes.org 

M U N I R A  R A J I
University of Plymouth, UK, 
Black in Geoscience. 

@TheDroneLady

R E B E C C A  W I L L I A M S
University of Hull, UK. 

@Volcanologist

N ATA S H A  D O W E Y
She�  eld Hallam University, 
UK.

@DrNatashaDowey

With input from colleagues on the Equator team:
Ben Fernando (University of Oxford), Sam Giles 
(University of Birmingham), Christopher Jackson 
(Jacobs), Anya Lawrence (University of Birmingham), 
Jenni Barclay (ARIES Doctoral Training Partnership), 
Louisa Brotherson (University of Liverpool), Ethny 
Childs (Institution of Environmental Sciences), 
Jacqueline Houghton (University of Leeds, Diversity 
in Geoscience), Anjana Khatwa (EDI Consultant), 
Alicia Newton (Geological Society of London), 
Keely Mills (British Geological Survey), Francisca 
Rockey (Black Geographers), Steven Rogers (Keele 
University), Catherine Souch (Royal Geographical 
Society with IBG).



38 GEOSCIENTIST  |  WINTER 2022

U N E A R T H ED |  R EP O R T

Adapting to heatwaves

T
H E  C L I M AT E  is changing 

(Fig. 1). Heatwaves are 

becoming more intense, 

more frequent and 

longer-lasting. There 

is ever-growing evidence that they 

are caused by human activity. Several 

dangerous heatwaves hit Europe during 

the summer of 2022, with temperatures 

in the UK reaching 40°C for the fi rst 

time since records began. It’s not only 

Europe that is experiencing extreme heat 

events. This year, China experienced 

months of record-breaking heat, while 

large areas of western North America 

experienced above-average temperatures 

in June 2021. For example, a national 

temperature record of 49.6°C was set 

in Lytton, Canada, breaking previous 

records by 4.6°C (World Meteorological 

Organisation, WMO, 2021). Climate 

scientists have shown that such events 

are becoming more likely because of 

climate change.

Adaptation is key to reducing the 

impacts of extreme heat on society. 

Given that heat is amplifi ed in cities, it 

is essential to consider these extremes 

within urban planning. Many of the 

solutions proposed to reduce heat in 

cities will require input from geoscientists 

and geological engineers.

Modelling extreme heat trends
In my research, I have investigated 

heatwaves globally. Together with my 

team, we asked whether there have been 

previous heatwaves as large as the 2021 

western North America event that have 

gone unnoticed, perhaps due to their 

location away from heavily populated 

areas or because they occurred too far in 

Heatwaves are becoming more frequent and intense. 
Vikki Thompson discusses the evidence for extreme heat 
events, and the need for geoscientists to work with city 
planners to adapt our urban environment
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the past to be remembered or recorded 

(Thompson et al., 2022). Global datasets 

of daily temperatures are available from 

1950 to the present day and comprise 

observational records supplemented with 

climate model data. It could be the case 

that some extreme events are missing in 

areas where the observed data coverage 

is particularly poor. Despite these possible 

data gaps, within the period from 1950 

to the present day, we identified several 

heatwaves that were more intense than 

the western North America event in June 

2021 – the Southeast Asia heatwave of 

1998, produced by El Niño conditions, 

was the most extreme.

We also looked to the future using 

climate model simulations, which are 

based on the laws of physics and fluid 

dynamics. The models incorporate many 

components of the Earth system to 

project future climate, in a similar way 

to a weather forecast but over decadal 

timescales. Such climate models are 

very useful when investigating climatic 

extremes which, by their very nature, are 

very rare. The models allow us to simulate 

Earth’s future climate repeatedly, enabling 

the most extreme events to be sampled 

multiple times. In model simulations of 

future scenarios, we found that globally, 

heatwaves will increase in intensity and 

frequency at the same rate as the global 

temperature increases. By 2100, under 

a high-CO2
 emissions scenario, the UK 

could see temperatures over 40°C every 

three to four years, although there may 

be different trends on a local scale – for 

example, changes in the jet stream may 

cause European heatwaves to increase 

faster than the global trend.

Designing cities to cope
Often referred to as a silent killer, extreme 

heat is deadly – particularly for the young, 

elderly, or those with pre-existing health 

conditions. In 2020, about 2,000 excess 

deaths occurred due to heatwaves in the 

UK (UK Health Security Agency, 2022). 

Cities are particularly vulnerable to the 

hazards caused by extreme heat; tarmac, 

concrete and brick absorb heat during 

the daytime, leading to hotter surfaces 

and higher ambient temperatures than 

in the countryside. Canyon-like streets 

alter the low-level airflow, which can lead 

to more heating. Added to this, vehicles, 

factories and even air conditioning units 

generate extra warmth. This collective 

urban heat island effect makes cities 

much more likely to experience extreme 

heat. Seventy-five per cent of Europe’s 

population currently live in urban regions, 

and this is expected to increase over 

future decades (World Bank, 2022).

New buildings can be designed to 

cope with heat by minimising sun-facing 

windows, painting outside surfaces white, 

or adding green living walls or a rooftop 

garden to give the added benefits of 

vegetation and shade (Wang et al., 2019). 

Many buildings could be retrofitted – 

simply adding external shutters may 

reduce heat mortality by ~40%, making it 

the single most effective intervention to 

UK homes (Taylor et al., 2018). Old types 

of air conditioning units produce heat and 

are energy intensive, but modern energy-

Figure 1: Global temperature change from 1850 to 2021, taken from showyourstripes.info  (published under 
CC-BY 4.0 licence.)

1
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efficient cooling systems can limit the 

heat output by industry and offices.

On a larger scale, effective urban 

planning can help create cooler cities 

by, for example, including more trees 

into our city plans. Trees provide shade 

and store less heat than concrete 

and tarmac, reducing the ambient 

temperature (Hesslerová et al., 2022; 

Fig. 2). At night time, evapotranspiration 

provides a further cooling effect. Some 

tree species are more effective than 

others at lowering temperatures due 

to their tolerance to heat and drought 

conditions; silver lime, London plane, 

and horse chestnut are great choices for 

hot sites (Appleton et al., 2015). Initiatives 

to increase the number of trees in cities 

are springing up across the globe. For 

example, in July 2022, the Mayor of 

London, UK, announced a £3.1 million 

package to fund tree planting over the 

next two years (www.london.gov.uk). 

London already contains approximately 

8.4 million trees, which cover ~21% of the 

city’s land area, but the Trees for London 

programme aims to increase coverage by 

10% of current levels by 2050.

In many cities, natural watercourses 

have been canalised and often culverted, 

thus reducing their length and diverting 

them underground, which can increase 

flood risk as well as the heat hazard. 

Water requires more energy to heat than 

air, so the air around water is usually 

cooler than similar areas without water, 

while the natural vegetation found in 

these areas adds further benefits. So, 

many cities are now working to build or 

reinstate water features as part of their 

heat-mitigation strategies. For example, 

in Athens, Greece, work is underway 

to restore the city’s water fountains. 

Another way to add more water into the 

environment is via water misters along 

pavements. This approach has been 

adopted in Vienna, Austria, through the 

Cool Streets project. When temperatures 

exceed 25°C, some of the city’s streets 

are transformed into cool havens, with 

vehicles banned, benches added and 

water sprayers in action.

Reducing the number of vehicles in 

city centres removes the mechanical 

waste energy, in the form of heat, which 

they emit. It has been shown that electric 

cars heat the environment less than 

conventionally fuelled cars (Li et al., 

2015), but no cars at all would lead to the 

greatest reduction in urban heating.

While many of these interventions 

seem simple, they are often difficult to 

implement and several geotechnical, 

financial and political challenges exist.  

For example, it can be difficult to  

identify suitable locations for additional 

trees in urban environments, adding 

vegetation to wall and roof spaces can  

be expensive, and the costs of restoring 

and renovating urban waterways are  

often great. 

To implement heat mitigation 

strategies will require coordination 

between many stakeholders, including 

technical input from geoscientists and 

geological engineers. Despite the many 

challenges, sustainable adaptation and 

nature-based solutions can lead to cities 

that are prepared for climate change – 

and are more pleasant to live in.  

F U R T H E R  R E A D I N G
A full list of further reading is available 

at geoscientist.online.
•   Appleton, B. et al. (2015) Trees for Hot Sites, 

Virginia State University Technical Note 
Publication 430-024.

•   Hesslerová, P. et al. (2022) Progress in 
Planning, 159. 

•   Li, C. et al. (2015) Sci. Rep. 5, 9213.
•   Taylor, J. et al. (2018) Atmosphere 9(5), 190.
•   Thompson, V. et al. (2022) Sci. Advances, 

8 (18).
•   Wang, C. et al. (2019) Remote Sens. Environ. 

227, 28-43.
•   World Meteorological Organisation (2021) 

June ends with exceptional heat; https://
public.wmo.int  
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V I K K I  T H O M P S O N
Dr Vikki Thompson is a climate 
scientist in the Cabot Institute 
for the Environment, University 
of Bristol, UK. 

 @ClimateVikki

Figure 2: NASA Landsat imagery illustrating temperature (left) and vegetation coverage (right) in New York in 
summer 2002. The temperature ranges from warm (blue) to hot (yellow), while vegetation coverage varies from 
sparse (beige) to dense (dark green). North is located at the top of the images. Comparison highlights that parks 
and greener neighbourhoods are cooler than other areas. The maps were created by Robert Simmon, with 
analysis by Stuart Gaffin at Columbia University, USA, and colleagues, available at https://earthobservatory.nasa.
gov/. (Credit: NASA/USGS Landsat). 
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S
I N C E  T H E  U K ’ S  Climate 

Change Act became law 

in 2008, signifi cant e� orts 

have been made to reach the 

ambitious target of reducing 

our greenhouse gas emissions to net 

zero by 2050. The heating of homes 

and buildings accounts for a third of the 

UK’s carbon emissions, thus one area 

of intensive research is the reduction of 

energy consumption at the residential 

level. This is particularly timely given 

the current energy and economic 

crises. Professor Martin Freer, Director 

of the Birmingham Energy Institute, 

UK, discusses some of the challenges 

associated with decarbonising residential 

heating on a national scale.

Beyond nuclear
Martin’s primary research interests lie in 

nuclear physics, a passion that was ignited 

when he was studying at Aston University. 

Recognising the potential for nuclear 

energy in achieving net zero, as well as the 

need to bridge the gap between industry 

and government, Martin, together with 

Lord Philip Hunt, undertook a policy 

commission that led to the establishment 

of the Birmingham Centre for Nuclear 

Education and Research in 2010. Newly 

created educational programmes and 

degree courses, including a postgraduate 

course on nuclear waste management, 

sparked a new age of nuclear energy 

research.

However, it became clear that 

while nuclear energy is an important 

component for achieving net zero, the 

energy sector needs to look beyond 

nuclear alone. The subsequently 

established Birmingham Energy Institute 

(BEI) brings together the expertise of 

more than 200 researchers across 

science, technology, policy, economics 

and law, while also partnering with 1,500 

researchers from eight universities that 

comprise the Midlands Energy Research 

Accelerator (ERA). The overarching aim is 

to bring together government, industry 

and higher education to innovate, create 

and deliver sustainable energy solutions.

Martin emphasises that the biggest 

challenge we currently face in achieving 

net zero is not how to decarbonise the 

electricity grid, but how to decarbonise 

residential heating. This is an issue that 

is high on the agenda of the BEI and ERA 

and which, if achievable, would help 

reduce both the climatic e� ects of our 

emissions and rising expenditure. 

“At present, most of our heat comes 

from gas, which is both high carbon and 

really expensive. The UK has some of the 

worst housing stock in terms of energy 

e�  ciency and we are one of the countries 

that is most reliant on gas for heating. 

With energy prices rocketing, the number 

of households that will be in fuel poverty 

is huge. 

“We have been trying to support 

the transition of this sector through 

a series of policy commissions and 

developing the concept of a National 

Centre for the Decarbonisation of Heat 

(NCDH) to coordinate the delivery of 

heating solutions. Our target is to start 

in Birmingham, working with energy 

Decarbonising 
heating
To achieve net-zero carbon emissions by 2050 will require decarbonisation on a 
vast scale. Martin Freer is championing the creation of a National Centre for the 
Decarbonisation of Heat to address this in residential heating
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Martin Freer is a Professor of Nuclear Structure and 
Reactions at the University of Birmingham, Director 
of the Birmingham Energy Institute, and Director of 
the Energy Research Accelerator. 

Interview by Hannah Bird, a Doctoral Researcher in 
Micropalaeontology, Oceanography and Climate 
Science at the University of Birmingham, and member 
of the Geoscientist contributors team.

o�  ces will also be incredibly complex 

to coordinate and deliver. For example, 

to enact the changes will require the 

training of 100,000 engineers, which 

the NCDH would help to support. The 

project will also encourage incentives for 

innovations by small and medium-sized 

entrepreneurial companies to aid the 

transition.

Diversifying supply
While the NCDH will focus on 

coordinating the delivery of decarbonised 

heating, geoscientists have a vital role 

to play in addressing energy supply and 

demand, and Martin emphasises that 

the interdisciplinary nature of the energy 

sector is paramount to achieving net zero 

by the middle of the century.

“Geothermal energy is underexploited 

in terms of the UK’s energy system, be 

it deep geothermal or heat that can be 

extracted from redundant coal mines. 

In the case of mines, this is more or less 

free heat as the water accumulated in the 

mines needs to be pumped out and the 

heat comes with it, so projects are now 

being developed that exploit this.”

Energy storage, which is essential 

to mitigate problems relating to the 

intermittency of renewable energy 

generation and variable energy demands, 

is the focus of considerable research 

e� orts at the BEI and ERA. Knowledge of 

the subsurface is crucial for areas such 

as hydrogen and compressed air energy 

storage, as well as for carbon capture. 

“At large scale, one of the best places 

to store hydrogen will be in salt caverns, 

so assessing the integrity of the caverns 

companies and the city council to focus 

on communities across the city with 

the highest level of challenge in terms 

of their energy bills and the energy 

e�  ciency of their homes.”

With the proviso of successful funding, 

construction of the NCDH would begin 

in 2023. The project aims to contribute 

to the conversion of 25 million homes 

– almost all of the UK’s housing stock 

– to low-carbon heating and hopes to 

embark on heating retrofi t programmes 

in late 2024. Insulation in homes will 

be upgraded, heating solutions will 

use electricity to pump heat from the 

external air or ground into the house, 

and eventually newer boilers will burn 

hydrogen gas over methane. Localised 

heating schemes will also redistribute 

waste heat from industry to where it is 

needed most in residential areas.

The cost of decarbonising residential 

heating is predicted to be an astonishing 

£500 billion, requiring both government 

and private-sector backing. Large-

scale decarbonisation of homes and 

will be key. These caverns could also 

be used for a storage technology called 

compressed air energy storage. Here, air 

is compressed into the cavern and then 

released through a turbine to generate 

electricity. Similarly, if the UK is to store 

large amounts of CO2 in carbon capture 

and storage projects in saline aquifers 

under the sea, we need to know how 

long it is going to stay there.”

And, as Martin notes, there is the 

ongoing issue of how to dispose of the 

UK’s nuclear waste. The government has 

now embarked on the siting process to 

identify a Geological Disposal Facility for 

radioactive waste in the UK.

A bright future
Despite the scale of the challenge, 

Martin believes that the strides in 

innovation required to achieve net zero 

will encourage a new wave of talent into 

the energy sector.

“There is a colossal amount to do in 

terms of innovation and delivery to meet 

net zero. We need the brightest people 

to get involved, but they must have 

determination and resilience as there 

are going to be a number of bumps in 

the road.” 

At present, most of our heat comes from 
gas, which is both high carbon and really 
expensive. The UK has some of the worst 
housing stock in terms of energy e�  ciency 
and we are one of the countries that is most 
reliant on gas for heating



P
h

o
to

 b
y Seb

astian
 P

ich
ler o

n
 U

n
sp

lash

44 GEOSCIENTIST  |  WINTER 2022

U N E A R T H ED |  M EE T I N G  R EP O R T

T
H E  G E O S C I E N C E S  play 

a pivotal role in enabling 

the increasingly urgent 

energy transition. Geological 

knowledge will allow the 

sourcing and recycling of essential 

raw materials, minerals and metals for 

low-carbon energy infrastructure, and 

geological solutions will underpin new 

technologies for energy production, 

transfer and storage. While geoscience can 

help drive innovation and support business, 

it is also fundamental to the facilitation of a 

sustainable and socially just transition. So, 

what should geoscience do now to ensure 

a sustainable transition to net zero? This 

question was at the centre of the Energy 

Transition Discussion Meeting organised by 

the Geological Society in partnership with 

Responsible Raw Materials in April 2022. 

The future-focused and action-

orientated meeting was formulated as 

a hybrid in-person and online event 

to support global participation, with 

interactive discussion and the integration 

of 160 participants. Twenty speakers 

framed the issues through lively talks, while 

panellists and delegates led and deepened 

the dialogue. The discussion involved a 

mixture of ‘yes, geoscience can contribute’, 

frustration of ‘things not happening’, 

recognition that ‘we got that wrong’, as well 

as anxiety around ‘do we have the time 

before mid-century?’ The meeting ended 

positively with the view that ‘geoscience 

can – and must – contribute e� ectively’.

A just transition
The energy transition will entail increasing 

reliance on new technologies and low-

carbon energy systems including, to name 

but a few: both low- and high-temperature 

geothermal, solar photovoltaics, wind 

power and hydrogen, in combination with 

carbon capture and storage. These new 

technologies and energy systems depend 

on geoscientifi c knowledge, supplies and 

solutions. For example, geoscientifi c input 

is required for responsible prospecting 

and sourcing of essential raw materials, 

such as copper, lithium, nickel and 

cobalt, to enable the construction of 

low-carbon energy infrastructure, battery 

storage, transportation, construction and 

engineering, as well as for the identifi cation 

and critical evaluation of safe subsurface 

storage sites.

But the energy transition must be 

achieved in a fair and inclusive way, 

ensuring a socially and environmentally 

just transition that creates high-quality 

jobs in the UK and worldwide. Responsible 

resource stewardship (including 

hydrocarbons) is critical to a rebalance 

of ownership and empowerment, and 

to recognise di� erent contexts and 

aspirations. We must focus on the 

development of circular economies, 

eliminating waste and reducing 

environmental impact, and supporting 

sustainable – thriving – communities. This 

approach should extend globally, from the 

Northern Hemisphere coal- and rust-belt 

regions to the extractive industries of 

the African, South American, Asian and 

Australian continents. In this endeavour, 

geoscientists are uniquely placed to 

support policy makers, industry and other 

stakeholders, in the management of Earth’s 

resources. 

Working together
The discussion meeting aimed to identify 

how academia and industry can engage 

all stakeholders and work together to 

tackle outstanding knowledge gaps and 

The energy transition: 
A systems approach
The shift to a net-zero carbon future is a pressing international 
concern. Discussions at a recent Energy Transition meeting 
focused on the role of the geosciences and the need for 
various stakeholders to use a systems approach to ensure 
delivery of a just transition



45GEOSCIENTIST.ONLINE  |  WINTER 2022

U N E A R T H ED |  M EE T I N G  R EP O R T

F U R T H E R  R E A D I N G
 A full list of further reading is available 
at geoscientist.online.

A U T H O R S
Rob Knipe, University of Leeds; Nick Gardiner, 
University of St Andrews; Rose Clarke, Satarla; 
Sarah Gordon, Satarla; Stuart Haszeldine, University 
of Edinburgh; Gareth Johnson, University of 
Strathclyde; Megan O’Donnell, The Geological 
Society of London; Jen Roberts, University of 
Strathclyde; Dan Smith, University of Leicester; 
Clare Bond, University of Aberdeen. 

and effective stewardship of subsurface 

storage sites, in combination with 

approaches to reduce demand. 

We must alter our approach. Many so-

called rare elements are globally common 

(for example, cerium is more abundant 

than copper). It is possible to attain secure 

supplies, but this can only be achieved if 

the methods of mining and processing 

minerals are sustainable, with pathways 

explicitly designed towards minimal 

or no waste and with vastly reduced 

environmental impact.

We must maintain and expand our 

geoscientific skills sets. Geoscientists 

already have many of the core skills 

needed to understand, predict and exploit 

the subsurface. It is essential to maintain 

these, while continuing to expand our 

understanding of the timescales and 

consequences of past global changes. 

We must also improve our ability to 

communicate, listen and facilitate trust. 

It is essential to introduce geoscientists 

to the softer skills of listening and 

explaining (for example, to residents, the 

public, policy makers, managements and 

activists) so that we can better understand 

and work more closely with people, both 

within and outside the geosciences.

Overall, the energy transition requires 

a systems-thinking approach – a joined-

up endeavour that is holistic and looks at 

relationships – to capture the complexity 

of the interactions involved.

Action
An immediate priority is that groups from 

academia, industry and government must 

come together to identify high-priority 

and short-duration deliverables relating 

to our energy-transition strategy and 

government policies. For a mid-term 

priority, we must activate increased social 

awareness of how geoscience contributes 

to net zero across the UK. In this regard, 

the Geological Society and its Specialist 

Groups, as well as other learned societies, 

are well-placed to increase awareness 

because they already have many of the 

materials needed, as well as the means to 

reach large audiences. 

drive progress. Two of the questions 

tabled were: How can we best work 

together to provide accessible and 

reliable information to support the rapid 

implementation of carbon capture and 

storage? What are the gaps in scientific 

understanding and engineered design for 

circular resource use? 

Gaining public and regulatory trust 

is vital for projects to progress, which 

raises many interconnected questions: 

How do we communicate the values 

of social equality, evidence-based 

regulation, environmental and social 

governance, as well as equality, diversity 

and inclusivity, while also progressing the 

science and technology, and helping the 

public, regulators and other stakeholders 

appreciate uncertainty and risk? What 

are the challenges relating to social 

and regulatory permissions to operate 

and how do we respond to these? How 

do educators and researchers handle 

questions of commercial sponsorship 

against a backdrop of insufficient 

government support? And how can we 

improve two-way engagement with 

regulators, and the wider public?

A systems approach
The discussions highlighted that the 

challenge is complex and interlocking. 

For example, it is essential to increase 

awareness of geoscience, which is 

generally low across society, from school 

children through to government – in 

the latter case, policy engagement and 

influence has been limited. Geoscience 

can enable a sustainable global transition, 

but a greater understanding of the nature 

and breadth of the subject, as well as 

increased support for its inclusion in 

(secondary) education and policy, is 

needed. 

Financial incentives can stimulate and 

drive change. Much of the knowledge and 

tools required to start already exist, but 

funding is needed to make this action a 

reality. For example, low-carbon energy 

sources will require the capture and 

removal of emitted carbon, so markets 

must reward secure carbon storage 

Over the longer term, we must expand 

our communication with government 

and policy makers, by creating briefings 

and by identifying achievable, measurable 

objectives that will allow us to establish 

when the mission is complete.

Optimistic outlook
The meeting ended with an optimistic 

outlook from Ruth Allington, current 

President of the Geological Society. Ruth 

shared how geoscientists are now more 

aware of their history and more cognisant 

of the need for better communication. 

Modern geoscientists recognise their role 

as part of the mix of solutions needed 

for a sustainable energy transition. 

Nevertheless, for geoscientists to 

contribute to an effective and fair energy 

transition, the sector requires: a) relevant 

education and training; b) efficient and 

professional collaborative deployment of 

expertise; c) evidence-based information 

for public perception and policy; as well 

as d) the development of community 

trust through listening, understanding 

and being receptive and responsive to 

concerns.

A final single all-embracing phrase to 

describe this meeting and its outcome is 

an updated quotation from Karla Panchuk 

(2019), which attempts to place Earth and 

its understanding through geology into 

an under-recognised yet fundamental 

position in the supply and maintenance of 

resources essential for human welfare and 

development:

“If you can’t grow it, you have to 

responsibly mine it and then re-use it.”  

M O R E  O N L I N E
Go to www.geolsoc-energytransition.com  
and Geoscientist.Online
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of the mining industry 

are largely driven by 

the impacts of mining 

on local communities, 

which rightly face great scrutiny. Mining 

practitioners are aware that social 

and environmental impacts present 

a great risk (and opportunity) to the 

industry. Exploration geologists, who 

are positioned at the frontier of mining 

projects, can set the scene for responsible 

and positive community engagement. 

Yet, while geologists hold an important 

communication role, they are rarely 

equipped with the skills needed to build 

community–industry relationships.

To help address this gap and build 

communication skills within the 

sector, the organisations People and 

Mining, Ore Deposits Hub, and the 

Social Practice Forum collaborated 

to deliver the workshop ‘Practices to 

People: An Introduction to Community 

Communication for Exploration 

Geologists’. The seven-hour virtual 

workshop was held over two days in April 

2022, and involved 60 participants from 

22 countries across six continents, with 

experience ranging from undergraduate 

students to seasoned professionals. 

While similar training exists, it is often 

expensive and tailored towards the 

needs of large mining companies’ 

employees. In contrast, the ‘Practices 

to People’ workshop o� ered a starting 

framework in which to operate, based 

on the perspectives of social scientists, 

sustainability practitioners and 

exploration geologists. The workshop was 

the fi rst of its kind to o� er truly accessible 

and inclusive communication training for 

exploration geologists who will shape the 

future of the mining industry.

A multidisciplinary team from the Social 

Practice Forum, including Liz Wall, Luc 

Zandvliet, Laura García Jaramillo, Simon 

Wake and Ian Thomson, together with 

experienced exploration geologists, led 

interactive sessions, discussions and 

teamwork activities based around real-

world scenarios. The sessions focused on 

three themes: 1) What to know, what to 

do and how to behave; 2) Putting it into 

practice: how to get started and what 

it should look like; and 3) How to leave 

properly.

Techniques and tips
Prior to starting work at a new site, it 

is common practice for exploration 

companies to plan their technical 

activities and develop an overview of the 

existing infrastructure and geography. 

However, social planning is just as 

essential. The team must understand 

local customs, procedures and ways 

of working, as well as tangible and 

intangible power hierarchies. When 

boots hit the ground, exploration 

geologists should have a baseline 

knowledge of land ownership, o�  cial 

Practices to people
Community–company relationships are critical to the success of mining projects. 
An accessible workshop aimed at honing the communication skills of exploration 
geologists highlights the importance of cross-disciplinary perspectives 
and knowledge exchange.

Discussions between exploration geology 
students from the Camborne School of Mines, 

Exeter, UK, during fi eldwork in Norway
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community-communication-for-exploration-
geologists/  

SUPPORTING 
COMMUNITIES
Half of the workshop funds were donated 

to the Pact-led Moyo Gems Project, which 

supports women artisanal and small-scale 

miners and their male allies in Tanzania to 

get a fair price for the gems they extract, 

and will be used to provide personal 

protective and mining equipment for the 

mostly women miners. 

We are committed to offering future 

workshops that further facilitate the 

exchange of knowledge across traditional 

disciplinary boundaries and professions, 

and aim to provide financial assistance so 

those less privileged can attend. Planning 

has started to build on the foundations of 

this for future workshops. 

To collaborate and/or participate, contact 

us at team@peopleandmining.com

the location to ensure that all aspects of 

the project and community engagement 

are satisfactorily resolved, any 

commitments made are delivered upon 

and outstanding grievances are resolved. 

The ‘leave no trace’ principle should be 

standard. A ceremonial event marking 

the end of the exploration campaign for 

both the company and community, such 

as a barbecue, can act as an opportunity 

to celebrate the campaign and thank the 

community.

Communication Challenge
The workshop participants put their skills 

to the test during a Communication 

Challenge. The Social Practice Forum 

team, together with exploration geologists 

Lucy Crane (Cornish Lithium Ltd), 

Benedikt Steiner (University of Exeter, 

and Xplore Global Ltd) and Benjamin 

Teschner (Colorado State Board of Land 

Commissioners, USA) came up with 

exploration scenarios from around the 

world and challenged the participants 

to work together in teams to answer 

questions relating to community 

communication issues that can arise 

during exploration programmes. Groups 

also worked through the reverse scenario 

with Benjamin Teschner, imagining an 

exploration company exploring near 

their home communities, bringing into 

focus the importance of empathy for the 

community.

These exercises brought home the 

practicalities of community interactions, 

providing the participants with a deeper 

understanding of the role of exploration 

geologists, as well as a framework 

of extensive exploration experiences 

to learn from. While many of the 

communication challenges are similar 

regardless of location, they are nuanced 

by local cultures and settings, so there 

is no ‘one size fits all’ solution. The 

exploration programme must integrate 

and build positive relationships based 

on open, honest, consistent and realistic 

communication. Above all, the workshop 

emphasised the need for respect – for 

culture, land and customs – underlining 

and unofficial leadership structures and 

just compensation strategies. Afterall, 

no matter what the exploration permit 

says, mining companies are guests in the 

community – the community does not 

owe you anything.

Key points raised included the 

importance of checking your assumptions 

as well as understanding that context is 

everything. These were demonstrated with 

observations of when the engagement 

process might unintentionally miss key 

sections of a community, due to timing 

or format of engagement, and it was 

highlighted how talking to locals of 

all ages, genders, sexual orientations, 

classes and ethnicities, provides details 

about a community that are not available 

elsewhere.

Integrating an exploration programme 

into the pre-existing fabric of the 

community is crucial for developing 

positive community relationships, and 

essential to this is local procurement and 

collaboration as a means to build trust. It 

is also important to manage expectations 

by, for example, concluding community 

meetings with a summary of key points 

that clarify any commitments made, or not 

made, for the project’s current stage.

Once the exploration campaign is 

concluded, it is important when leaving 

that an exploration company is a guest. 

Positive interface
Exploration geologists have the potential 

to be a positive interface between the 

community and the corporation. Equipping 

geologists with communication skills is 

crucial for the healthy development of this 

relationship, and is imperative to earning and 

maintaining the social licence to operate, 

both on a project and industry scale. Open 

communications from the beginning 

builds a foundation for the responsible 

development of a resource project.

It was inspiring to see students, early-

career and senior professionals striving 

to improve their communication skills 

and eager to drive positive change in 

the mining industry. The workshop also 

highlighted the progress that has already 

been made. As one of the workshop 

facilitators said: “If I’d suggested a 

workshop like this 20 years ago, I would 

have been laughed out of the room.” 
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THE COVID-19 pandemic and resulting 

lockdowns caused everyday activities 

to grind to a halt. Across the globe, 

non-essential travel and businesses 

were restricted. The resulting decline 

in air pollution and CO2 emissions was 

noticeable, with news outlets publishing 

stark images that showed the impact of 

lockdowns on air quality, particularly  

in cities. 

Ordinarily, CO2 emissions from 

anthropogenic activity vary due to 

numerous interconnected factors, such 

as season, weather and time of day. Zhu 

Liu at Tsinghua University, China, and 

collaborators from 19 other institutions, 

focus on quantifying the variability in 

CO2 emissions resulting from lockdown 

restrictions in 2020. Using inventories and 

daily near-real-time data from Carbon 

Monitor – a tool that combines different 

data sets to produce a publicly available 

living dataset – the team shows that 

 INBRIEF
T H E  C O N T R I B U T O R S  T E A M  H I G H L I G H T  R E C E N T  D I S C O V E R I E S

the dramatic decrease in global activity 

resulting from the COVID-19 lockdown 

restrictions led to a 6.3% reduction in 

CO2
 
emissions (equivalent to 2,232 

megatonnes of CO2) in 2020, compared 

to 2019. Daily CO2
 
emissions are divided 

by sector into power generation, 

industry, ground transportation, aviation 

and maritime transportation, with the 

results showing that the sharp decline 

in ground transportation had the most 

significant impact on CO2 emissions. 

These were down 10.9% (equivalent to 709 

megatonnes of CO2) in 2020 compared 

to 2019. 

The results have important implications 

for future climate change mitigation. 

Liu and colleagues show that the 

temporary reduction in CO2 emissions 

observed in 2020 are on a par with those 

needed in the long term to limit global 

warming to 1.5°C. Considering the scale 

at which the pandemic and lockdown 

restrictions affected every country across 

the globe, to achieve this will require 

significant restructuring of key sectors, 

such as energy and transport. Finally, 

while highlighting the importance of 

transitioning from fossil fuel-based to 

renewable energy sources, the authors 

acknowledge the need to balance 

economic recovery with green recovery.

MARISSA LO

GEOLOGICALLY SPEAKING, land plants 

are a relatively recent development, 

having existed for just under 500 million 

years – around 10% of Earth’s existence. 

Despite this, their emergence played a 

crucial role in shaping Earth as we know 

it today. While some of the outcomes of 

plant emergence are obvious – such as 

paving the way for other life forms on land 

– the impact on Earth’s geology, while 

significant, is less apparent.

A global team, led by Christopher J 

Spencer at Queen’s University, Ontario, 

Canada, investigates the effect of land 

plants on the composition of Earth’s crust 

by compiling and statistically analysing 

zircon isotopic data taken from 183 

publications. The zircons formed as 

new continental crust above subduction 

zones, where sediments derived from 

the land and delivered to the oceans via 

rivers are recycled. The team identifies 

a significant change in the composition 

of the continental crust around 430 

million years ago, which coincides with 

the evolution of more complex vascular 

land plants. They propose that sediments 

were affected by an increase in biological 

weathering, with geochemical and fossil 

evidence suggesting that the main source 

of clay production shifted from the oceans 

to land at around the same time that land 

Covid and CO2
Nat. Geosci., 15, 615–620 (2022);  
doi.org/10.1038/s41561-022-00965-8

Geosphere–
biosphere 
connections
Nat. Geosci., 15, 735-740 (2022);  
doi.org/10.1038/s41561-022-00995-2

During the lockdown in May 2020, the 
typically busy Regent Street in Central 

London, UK, was deserted
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plants were spreading. The disruption of 

sediment transport to the oceans due to 

plants holding materials in place, exposing 

them to further weathering, is also likely to 

have played a role. 

Other potential explanations for the 

observed correlation, such as significant 

tectonic or climatic events, are considered 

but deemed less likely. The study implies 

that the emergence of land plants had 

an impact on both sedimentary and 

igneous rocks, highlighting the connected 

evolution of the biosphere and the  

rock cycle.

STEPHEN MCHUGH

RENEWABLE ENERGY sources may 

suffer from unreliability of supply. 

Supercapacitors are devices that can 

store a large amount of electrical 

energy and today are commonly used 

when energy storage with high-power 

delivery, reliability, efficiency and lifetime 

is required. Integrated into building 

infrastructure, they could prove a novel 

way to increase residential energy storage 

to aid peaks and troughs in supply and 

demand. However, supercapacitors have 

low energy density, meaning that they 

are large and require considerable space, 

therefore they haven’t been considered as 

a viable alternative to batteries in densely 

populated areas where real estate is at a 

premium.

Now, a team of researchers at the 

United Nations University, Technische 

Universität Dresden and Technische 

Universität Darmstadt, Germany, 

have investigated the greenhouse gas 

mitigation potential of a prototype 

supercapacitor that is combined with 

carbon-reinforced concrete to create 

a multifunctional building façade in the 

outer curtain wall of a building. This 

spatially conservative approach illustrates 

how sustainability practices, resource 

efficiency and energy storage can be 

harmonised with modern infrastructure.

Carbon-reinforced concrete has higher 

endurance than standard concrete, 

making it a significant component of 

the prototype given that the concrete 

and cement industries contribute ~8% of 

greenhouse gas emissions. Additionally, 

supercapacitors have a longer lifespan 

(80 years) compared to lithium-ion 

batteries (20 years for those designed 

for building-integrated energy storage), 

meaning millions more energy cycles 

are facilitated. The team uses life-cycle 

assessments to guide the design process 

of minimising carbon emissions from 

conception through to installation in 

homes, calculating a 20-fold decrease 

in greenhouse gas emissions using 

supercapacitors compared to lithium-

ion batteries, which are the “current 

benchmark for residential energy storage”.

The protype is currently not available for 

market release, with the authors stressing: 

“It is an invention, not yet an innovation.” 

Yet, this provides hope for change in 

sustainability-oriented infrastructure in  

the future.

HANNAH BIRD

GEOTHERMAL ENERGY could play an 

essential part in the world’s green-energy 

future. It can fulfil some of the primary 

global energy demands, help reduce 

greenhouse gas emissions and substitute 

hydrocarbon usage. Approximately 

70% of geothermal resources globally 

are low temperature (typically below 

150°C), but these are largely untapped. 

Some hydrocarbon fields, for example, 

could be suitable for low-temperature 

geothermal energy extraction. So, Rohit 

Duggal at Victoria University of Wellington, 

New Zealand, and colleagues carry out 

a comprehensive review of existing 

projects that utilise oil-and-gas fields for 

geothermal energy generation.

The review reveals that many pilot 

projects have been technically successful, 

but there are concerns. Estimates of 

resource potential for geothermal  

systems in hydrocarbons fields can be 

unreliable and the long-term performance 

of such systems is rarely discussed, yet 

these parameters are essential for the

Building greener 
homes
Build. Environ. 109520, (2022, In Press);  
doi.org/10.1016/j.buildenv.2022.109520

Geothermal 
potential
Renewable Sustainable Energy Rev.  
154 (2022); 
doi.org/10.1016/j.rser.2021.111865



51GEOSCIENTIST.ONLINE  |  WINTER 2022

I N  B R I EF

sustainable management of any field. 

Economic viability is also difficult to 

predict and is inhibited by the current 

favouring of hydrocarbon production 

over water, which lowers production 

rate and results in heat loss as the 

fluid travels up the wellbore. From a 

geological perspective, many bottom-

hole temperature measurements 

are carried out soon after drilling 

completion, meaning the measured 

values do not represent true reservoir 

potential. However, accurate reservoir 

characterisation would provide more 

reliable estimates of reservoir capabilities, 

while numerical simulations of fluid flow, 

momentum and heat transport would 

provide a useful indicator of reservoir 

behaviour.

Many hydrocarbon fields possess 

existing infrastructure that could help 

reduce operating costs. They are also 

widespread globally, enabling access for 

countries without conventional high-

temperature volcanic resources. The key 

to unlocking the potential of geothermal 

energy from hydrocarbon fields relies 

on a greater understanding of long-

term reservoir behaviour during energy 

generation, allowing for more informed 

decision-making. Ultimately, interlinked 

economical, technical and geological 

parameters will influence the likelihood of 

a profitable development.

KYLE WATTS

ON 22 May 2021, Mount Nyiragongo 

in the Democratic Republic of Congo 

(DRC) erupted for six hours without 

any typical early warning signs. Seismic 

activity continued for ten days. At least 31 

people were killed, more than 750 injured, 

with approximately 6,000 households 

displaced and public services and facilities 

destroyed. 

Mount Nyiragongo is one of the 

Earth’s most active volcanoes. Located 

within the East African Rift Valley, this 

open-vent system consists of a conduit 

connected to a magma chamber and 

hosts a large lava lake at its summit. Gas 

is persistently released during effusive to 

mildly explosive eruptions. While such 

continuous activity can complicate the 

detection of eruption precursors, two 

previous eruptions in 1977 and 2002  

had clear precursor signals in the weeks 

and days prior, including moderate-to-

large earthquakes and changes to the 

summit lava lake that indicated high 

volcanic unrest. 

How then could such a catastrophic 

event occur in 2021 with little warning, 

despite the improvement of the 

monitoring system? Delphine Smittarello 

at the European Center for Geodynamics 

and Seismology, Luxembourg, and 

colleagues use analyses of seismic and 

infrasound (inaudible to the human ear) 

signals, space-based radar imagery 

and lava-flow mineralogy to reveal that 

consistent high stress and temperatures 

are likely to have triggered an eruption 

of the volcanic edifice. The magma was 

mostly sourced from shallow depths 

but with consistent magma convection, 

which could have made pre-eruption 

magma movements harder to detect 

– significant seismic events were only 

recorded less than 40 minutes before 

the onset of eruption, which is too short 

a time window to issue an evacuation 

order in the absence of robust emergency 

procedures. 

Typically, eruptions occur after magma 

has intruded through Earth’s crust. 

However, for the 2021 Nyiragongo 

eruption, the reverse was observed: after 

the eruption at the edifice, magma moved 

25 km laterally in the subsurface toward 

Lake Kivu in Rwanda. Magmatic activity in 

this region poses a threat to the densely 

populated cities of Goma in the DRC and 

Gisenyi in Rwanda because an eruption 

through carbon-rich sediments of Lake 

Kivu could cause mass outpourings of 

CO2. The results highlight the unusual 

nature of volcanic systems where magma 

is sourced close to the surface and call for 

a revision to existing hazard-mitigation 

plans for cities in this region.

LUCY BLENNERHASSET

An eruption 
without warning
Nature 609, 83-88 (2022); 
doi.org/10.1038/s41586-022-05047-8

The lava lake at the summit of Mount 
Nyiragongo, Democratic Republic of Congo
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HOW THE WORLD  
REALLY WORKS

D E T A I L S

BY: Vaclav Smil (2022). Penguin Books Ltd. 

336 pp. (hbk).

ISBN: 9780241454398

PRICE: £20.00 www.waterstones.com

R E V I E W E D  B Y  C O L I N 

S U M M E R H A Y E S

Vaclav Smil is a Fellow of the Royal 

Society of Canada and was included on 

Foreign Policy’s Top 100 Global Thinkers 

list. Here, he explores seven fundamental 

realities governing our survival and 

prosperity: energy and food production, 

our material world and its globalisation, 

risks, and our environment and its 

future. He offers a much-needed reality 

check and a heavyweight counter to the 

wishful, or even counterfactual, thinking 

that informs much of the current debate 

regarding where we are headed and 

what we can do about it.

Smil reminds us of the world’s 

undeniable dependence on an 

enormous and long-lived fossil-fuel-

based infrastructure. At the current rates 

of wind and solar energy introduction, 

it will take decades until renewable 

sources replace fossil fuels, and many 

more decades before alternative sources 

of energy (such as hydrogen, which itself 

is generated using electricity) will replace 

fossil fuels to drive our cars, farming 

vehicles, trains, ships, and aeroplanes. 

He reminds us that modern civilisation is 

supported by four essential pillars: steel, 

ammonia (for the production of nitrate 

fertiliser), cement, and plastics (which 

are derived from fossil fuels). Even with 

abundant and reliable renewable energy, 

new large-scale processes to produce 

these four basic materials need to be 

developed. As yet, such processes show 

no signs of emerging at the global scale 

required. There is no indication that such 

an economic transformation is likely in 

the short to medium term, despite the 

UK increasing electricity generation from 

renewable sources to 50% of the total 

since 2006. Electric cars are beginning 

to make an appearance, especially within 

advanced economies, but we are far 

from the days when all cars are electric.

“The high relative share and the 

scale of our dependence on fossil 

carbon make any rapid substitutions 

impossible: this is not a biased personal 

impression… but a realistic conclusion 

based on engineering and economic 

realities” says Smil. He is not alone. The 

International Energy Agency sees the 

share of fossil fuels declining from 80% 

of global energy demand in 2019, to 

72% by 2040, although, with aggressive 

policies, this could fall to 56%. Under 

these circumstances we are still likely 

to see 50% of our global energy supply 

coming from fossil fuels by 2050. Unless 

we can achieve zero carbon, where we 

extract the same amount of CO
2
 from 

the atmosphere as we create, we face an 

undeniably hot future, with a raft of new 

concerns for human survival.

Lest this makes you downhearted, I 

should say that Smil is a pragmatist. He 

is convinced that humans are clever 

enough to get themselves out of serious 

difficulties. Although, undeniably, we 

are in for a rough ride as our use of 

fossil fuels gradually declines. Yes, 

the information world is fast-moving 

as we acquire mobile phones and 

‘friends’ on Facebook, but Smil argues 

that “Securing the sufficient delivery 

of water, growing and producing 

crops… and extracting and altering 

raw materials to fit a myriad of users 

are endeavours whose scale (required 

to meet the demands of billions of 

consumers) and infrastructures (that 

enable the production and distribution 

of these irreplaceable needs) belong to 

categories that are quite distinct from 

making a new social media profile or 

buying a more expensive smartphone”. 

Artificial intelligence is not the answer, 

it’s a distraction. If you are listening too 

closely to techno-optimists, remember 

caveat emptor (buyer beware).

As other reviewers have noted – Smil’s 

book is a brutally realistic assessment 

not only of where we are at the present, 

but also of how we might tackle 

biodiversity loss and global warming as 

time goes by. Everyone should have a 

copy of his remarkable book. 

Smil’s book is a 
brutally realistic 
assessment not 
only of where we 
are at the present, 
but also of how 
we might tackle 
biodiversity 
loss and global 
warming as time 
goes by. Everyone 
should have a copy 
of his remarkable 
book
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W illiam Shakespeare probably knew 

nothing about formal geology as 

we know it, perhaps because there was 

no organised science of that name in 

existence before the 18th century. But his 

plays and poetry are full of references to 

geological materials, the landscape and 

the sea. These not only provide powerful 

natural backdrops for his characters, 

but also raw material for metaphors that 

resonate even today – four centuries later 

– in power politics, human motivation 

and war.

Of course, Shakespeare was not alone 

among early poets in finding inspiration 

from the landscape and geological 

phenomena. The great Florentine poet 

Dante travelled Italy observing natural 

phenomena and in his Inferno there are 

references to hydrogeology, earthquakes, 

mountain building and even the formation 

of travertine. His description of hell as a 

series of descending levels, and La Mappa 

dell’Inferno – Botticelli’s painting of his 

interpretation of Dante’s hell – are images 

of the underworld that are still with us. In 

the Latin poet Ovid’s Metamorphoses, the 

landscape is full of symbolic power, for 

example in the stories of Niobe who was 

turned to stone for her arrogance, and 

Echo whose bones melted into the rocks 

leaving only her voice in the mountains.

Impressions of the land
So, what geological features interested 

Shakespeare? We know he travelled 

a lot in England (and perhaps abroad) 

as an actor and playwright of the Lord 

Chamberlain’s Men, later the King’s Men. 

He soaked up impressions of the land 

and natural materials around him and 

made rich literary use of them. In Bradford 

Willard’s wonderful paper of 1947, The 

Geology of Shakespeare, we see some of 

these references set out in forensic detail. 

Amber, sulphur and mercury appear in 

many of the plays. Flint is very common, 

and often used predictably to symbolise 

hardness and resistance in human 

relationships, for example as Demetrius 

says to Tamora in Titus Andronicus:

Listen, fair madam. Let it be your 

glory

To see her tears, but be your heart 

to them 

As unrelenting flint to drops of rain

I would make a bet that Shakespeare 

visited the chalk cliffs at Dover. In the 

most dramatic part of King Lear, Edgar 

(son of the Earl of Gloucester) describes 

the cliffs to his blinded father – the crows 

and choughs (jackdaws) that fly there, and 

halfway up the cliff, a samphire gatherer:

Come on, sir; here’s the place: stand 

still. How fearful 

And dizzy ’tis to cast one’s eyes so 

low! 

The crows and choughs that wing 

the midway air 

Show scarce so gross as beetles: half 

way down 

Hangs one that gathers samphire

But this is just a bright backdrop. 

Shakespeare’s landscape metaphors go 

deeper, showing how the enlightenment 

mind thought the world worked, in 

the same way that Dante revealed the 

workings of the medieval mind and 

its conception of hell in his Inferno. 

For example, Shakespeare seems to 

have had a feel for the cycle of erosion 

and deposition, entropy and the 

impermanence of all things. This is from 

Henry IV Part II where the King muses on 

fate – mountains eroded to nothing and 

continents disappearing into the sea:

O God! that one might read the 

book of fate,

And see the revolution of the times

Make mountains level, and the 

continent,

Weary of solid firmness, melt itself

Into the sea

There’s something of our conception of 

entropy here, and of our fear of disorder. 

He personifies the continent as being tired 

of being solid and firm, tired of its fight 

against inevitable destruction.

Geomorphology  
transformed
Most of us studied Shakespeare at school, 

and – at least in my English lessons – the 

emphasis was on his deep understanding 

of power and politics. You don’t have 

to be a literary scholar to see the power 

politics in Julius Caesar or Macbeth – and 

their relevance to today’s power politics in 

the West, China and Russia.

In Othello, there are marine-related 

images of conflict and war in areas 

like the Black Sea that have obvious 

relevance today, where geomorphological 

phenomena are transformed into deep 

metaphors. Such as in this passage, 

where Othello describes the violence, 

relentlessness and inevitability of 

his jealously and revenge towards 

Desdemona, his wife:

Like to the Pontic sea,

Whose icy current and compulsive 

course

Ne’er feels retiring ebb, but keeps 

due on

To the Propontic and the Hellespont,

Even so my bloody thoughts, with 

violent pace,

Shall ne’er look back, ne’er ebb to 

humble love,

Till that a capable and wide revenge

Swallow them up.

THE UNDISCOVER’D 
COUNTRY
M I K E  S T E P H E N S O N  M U L L S  O V E R  W H A T  S H A K E S P E A R E  M A D E  

O F  T H E  L A N D S C A P E
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Shakespeare must have known the 

power of the flow of water south-

westward from the Pontic Sea (Black Sea), 

through the Propontic (Sea of Marmara) 

and the Hellespont (Dardanelles) – and 

known that his audience would know it 

too. So he uses the flow as a metaphor 

to evoke unstoppable, destructive 

human motivation. The Black Sea was 

as it is today: vitally important for trade, 

and strategic in war. For Othello, the 

violence of his jealously will never ebb, 

never become calm until his revenge has 

swallowed him up and eased his violent 

feelings.

Shakespeare is often credited with 

writing the first psychological dramas (the 

Tragedies), and in these plays landscape, 

rivers and water often appear as the basis 

for powerful metaphors. In Macbeth, for 

example, the main character vacillates 

between action and indecision. Early in 

the play, Macbeth is contemplating killing 

King Duncan and, in a long soliloquy, he 

thinks about the dangers of the murder. 

He is under intense pressure from his 

wife, and because he knows the King 

won’t be staying at his castle for long, he 

must decide. Here’s part of the soliloquy:

If it were done when ’tis done, then 

’twere well

It were done quickly. If 

th’assassination

Could trammel up the consequence, 

and catch

With his surcease success: that but 

this blow

Might be the be-all and the end-all, 

here,

But here upon this bank and shoal 

of time,

We’d jump the life to come

Those beautiful last two lines use a river 

system as an image – a river with a bank 

and a shoal (a shallow). Macbeth feels the 

pressure, but he is temporarily still. The 

inevitable power of the river is all around 

him, ready to lift him off the shallows, into 

action. I like to imagine Shakespeare by a 

river – perhaps the Avon or the Trent at 

low tide – idly watching the flow around 

a sandy bank or shallow and constructing 

his metaphor. There’s a feeling of 

loneliness – of a man standing apart from 

the flow of life – but also a man allowed 

a little time for contemplation.

Ghost landscape
There’s an intriguing landscape metaphor 

in Hamlet, buried deep within the famous 

‘to be or not to be’ soliloquy. We all 

know that at this point Hamlet, Prince of 

Denmark, is desperate and contemplating 

suicide. He’s weighing up the pain and 

unfairness of life against the alternative. 

One way the alternative is talked about is 

in the phrase ‘undiscover’d country’:

To grunt and sweat under a weary life,

But that the dread of something after 

death,

The undiscover’d country, from 

whose bourn

No traveller returns, puzzles the will,

And makes us rather bear those ills 

we have,

Than fly to others that we know not 

of?

The most common meaning of the 

word ‘bourn’ used in the interpretation of 

these lines is as a boundary. Hence, the 

idea that Hamlet’s death would take him 

on a one-way journey to a place beyond 

a border. But bourn is also an old word 

for an intermittent stream in a dry valley 

in chalk downland (it also crops up in 

other spellings, bourne, borne or born). 

Shakespeare probably knew these valleys 

from his travels and from his childhood 

in the Cotswolds, and had perhaps noted 

their strangeness – like a natural valley 

but not quite – lacking the vital life of a 

stream. A valley and not a valley – like a 

ghost landscape. Perhaps this is how he 

saw the afterlife.

Shakespeare and poets like Dante used 

the world around them to turbocharge 

their expression, to get through to us. 

Their characters speak to us despite 

their antiquity because they ground 

their experiences in the natural world 

as we do, and explore and deepen its 

meaning with metaphor. It’s heartening 

to see that the processes we study as 

geologists and environmental scientists 

are so much a part of the literature 

that has influenced stories, minds and 

philosophies ever since.

M I K E  S T E P H E N S O N
Prof Mike Stephenson is Director of Stephenson 
Geoscience Consulting (mikepalyno@me.com);  
www.stephensongeoscienceconsultancyltd.com/

Willard B. (1947) The Geology of Shakespeare.  

The Scientific Monthly 65 (5), 399-40.

Sandbanks on the River Trent. Shakespeare certainly knew the river  
and it had an influence on his writing, for example in Henry IV Part I.  
River processes turn up in his plays and sonnets to denote time passing, 
the progression of life and the inevitability of change
(© M H Stephenson)
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O B I T UA R I E S  |  CEL EB R AT I N G  CO L L E AG U E S

DAVID AL AN FALVEY graduated from the University 

of Sydney, his place of birth, with a BSc in Geology 

and Geophysics/Applied Mathematics with fi rst-

class honours in 1967. During his PhD in Marine 

Geophysics at the University of New South Wales 

(1967-1972), he completed nine research voyages. 

Following his PhD, Dave worked for the Royal 

Australian Navy, in Sydney, before joining Shell, in 

Melbourne, as an exploration geophysicist. At Shell, 

he developed concepts of pre-breakup structuring 

on continental margins and authored a seminal 

paper on the breakup unconformity. In 1974, Dave 

was appointed Senior Lecturer in Geophysics at the 

University of Sydney, where he continued research 

on southwest Pacifi c marginal basin development 

and petroleum exploration, resulting in two 

landmark papers on geohistory analysis.

Leadership and management
In 1982, Dave became Chief of the Division of 

Marine Geosciences and Petroleum Geology 

at the Bureau of Mineral Resources (BMR; now 

Geoscience Australia), in Canberra. He established 

the Continental Margins Program, procured the 

fi rst major Australian marine geoscientifi c research 

capacity (RV Rig Seismic), and drove Australian 

membership in the Ocean Drilling Program (ODP). 

Seven years later, Dave rose to Associate Director 

of BMR, where he integrated a national programme 

of research, onshore and o� shore basin analysis 

and evaluation of petroleum resource potential.

Dave was appointed Director of ODPs at Joint 

Oceanographic Institutions (now the Center for 

Ocean Leadership), in Washington D.C. in 1994. 

He led the development and implementation of 

the 2nd Long Range Plan for ODP, conducted 

signifi cant cost containment and restructured the 

management, scientifi c advice and delivery of ODP.

Forward thinking
In 1998, Dave became Executive Director of the 

British Geological Survey (BGS) in Nottingham, 

UK. He shifted the organisation of the BGS from 

traditional scientifi c discipline-based divisions to 

user-oriented directorates, changing its focus from 

traditional geological surveys to more modern 

techniques and approaches, such as 3D modelling, 

airborne geophysics, environmental monitoring 

and hazard assessment. He also initiated a major 

programme in carbon capture and storage.

Dave served as Executive Director of the Australian 

Research Council (ARC) and was responsible for 

the physics, chemistry and geoscience portfolios, 

as well as overseeing all ARC research centres in 

Canberra from 2006 to 2008. He drove Australia’s 

membership in the Integrated Ocean Drilling 

Program and establishment of a Special Research 

Center for groundwater.

In 2008, Dave founded Research Connect, a 

global consultancy focusing on research strategy, 

management systems, programme development 

and energy exploration. He served as its Managing 

Director until his death. Concurrently, he co-

founded and was Managing Director of Tamboran 

Resources (2009-2011), and later founded and was 

Managing Director of Palatine Energy (2011-2018).

Inspiration and enthusiasm
Beyond work, Dave’s passions included family, 

Aboriginal art, travel, wine and golf. He is survived 

by his widow, Gillian Tidey, two children and 

three grandchildren. Margaret Kaye, his fi rst wife 

and mother of their children, predeceased him in 

1984. We shall miss Dave’s brilliance, inspiration, 

incisiveness, enthusiasm, hospitality, bonhomie, 

irreverence, humour and hearty laugh, and will 

endeavour to build upon his legacy. 

DAVID AL AN 
FALVEY
1945 – 2022

Marine 
geophysicist 
whose research 
and international 
leadership spanned 
academia, industry, 
and government

BY MIKE COFFIN

For further details of Dave’s 
career, his interview for the 
2016 History of Australian 
Geoscience Oral History 
Project is available at: 
https://nla.gov.au/
nla.obj-363950778/listen

Pictured, above: Dave was 
Executive Director of the 
BGS from 1998 until 2006. 
Image courtesy of the 
British Geological Survey

OBITUARIES

IN MEMORY OF…
The Society notes with sadness the passing of:
•   Aylward, Gordon

•   Carr, Andrew

•    Chinner, Graham Alan

•   Gribble, Colin

•   Hasan, Syed Manzurul

•   Hide, Robert Timothy

•   King, Christopher John Henry

•   Nicholas, Clive

•   Robinson, Stanley 

•   Slater, David

•   Smallwood, John

•  Smith, Alexander Gordon

•  Taylor, Christopher

•   Temple, John

•   Thomas, Godfrey E

•   Walters, Steven

•   Warden, Arthur

•   Whittaker, Alfred

•   William Jones

•   Worsley, David
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FIVE MINUTES 
WITH… 

Tell us about your work
My work focuses on modelling global supply and 

demand for CO
2
 storage using logistic growth 

models. According to the Intergovernmental Panel 

on Climate Change (IPCC), carbon capture and 

storage (CCS), which is a technological solution to 

prevent the exacerbation of global warming linked 

to the burning of fossil fuels, is projected to play a 

critical role in facilitating the transition towards net 

zero by 2050. Fossil fuels may continue to play a 

role in the global energy mix for many years, since 

they facilitate rapid economic growth and provide 

a reliable supply of energy for many countries. 

Thus, the envisioned scale of CCS is enormous, 

requiring injection rates between 5 and 10 Gt 

per year by the mid-century. Presently, there are 

26 operational megaton-scale projects around 

the world with a combined capture capacity of 

40 Mt per year. However, reaching Gt-scale is 

challenging given that this technology is capital 

intensive, and that the marketplace is not mature.

For my research, I evaluate regional CO
2
 

storage targets that are published in national or 

international long-term climate change mitigation 

strategies. This tells us how quickly and at what 

scale we need to deploy CCS resources to 

achieve these targets, which gives us a better 

understanding of the consumption trajectory of 

subsurface natural resources needed to facilitate 

CCS. Furthermore, I recently identified that the 

reporting framework for CCS using capture 

capacity lacks consistency and may result in a 

20% overestimation in the actual storage of CO
2
. 

This over estimate will lead to the inaccurate 

assessment of climate change mitigation attributed 

explicitly to CCS. In light of this, we recommended 

that a centralised organisation should compile 

rigorous statistics on industry-scale CCS, including 

capture rates, transport rates, storage rates, 

assurance measures, and information about 

performance or issues affecting these measures. 

What are you currently working on?
I am currently completing an internship with the 

Sustainable Energy Division at the UNECE, Geneva, 

Switzerland. My internship focuses on facilitating 

discussion between key players in international 

finance, policy makers and expert groups, much 

of which took place during Sustainable Energy 

Week, a hybrid event at the UNECE in September. 

The aim is to understand the barriers to increasing 

public investment in key low- and zero-carbon 

technologies, such as biomass, hydrogen, nuclear, 

and renewable energy.

What’s a typical day for you?
My typical day includes researching the latest 

climate-related news and reports published by 

governments, intergovernmental organisations, 

and industrial players around the world. From 

this, I extract the data needed for my modelling 

and analyse the subsequent data. A large part 

of my day involves summarising the findings 

using different styles, including papers, briefs, 

and presentations, which really hones my 

communication skills. 

“I evaluate 
regional CO2 
storage targets”

What’s your 
favourite thing 
about your work?
I am passionate 
about the 
decarbonisation of 
the energy system, 
especially because 
it is perhaps the 
biggest challenge 
we are facing. I 
particularly enjoy 
that my PhD research 
and internship at the 
UNECE can impact 
this discussion. I am 
also able to work 
flexibly and travel 
for conferences, 
where I meet like-
minded people who 
are also passionate 
about this topic, 
and can exchange 
experiences and 
views.

   Y U T I N G  Z H A N G  is a PhD student in 
the subsurface research group at Imperial 
College London, UK, and an intern with 
the Sustainable Energy Division at the 
United Nations Economic Commission 
for Europe (UNECE).

Pictured, above:  
Yuting at the United Nations 
Palais des Nation in Geneva, 
Switzerland.
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