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A
S THE YEAR draws to a 

close, we reflect on what’s 

been achieved in 2021. 

Geoscientist underwent a 

dramatic transformation at the 

start of the year with a complete 

redesign, the change from monthly 

to quarterly print distribution, and 

the launch of our new website, 

www.Geoscientist.Online. Since 

then, we’ve published articles on 

topics including volcanology, citizen 

science, engineering geology, 

climate change and net zero, while 

also touching on issues such as 

diversity and inclusivity, as well as 

the evolution of geoscience as a 

subject. We’ve visited regions as 

far flung and enigmatic as North 

Korea, Nepal and St Vincent, while 

discovering more about the world 

beneath our feet here in London. 

The new website has garnered 

tens of thousands of visits, with the 

articles ‘Some barriers are invisible’ 

(by Chris Jackson), ‘Where are the 

Black geoscientists?’ (By Munira Raji 

and Hendratta Ali) and ‘Reimagining 

applied geoscience for the energy 

transition’ (by Phil Ringrose) proving 

to be the top three most-viewed 

articles in 2021, so far. In addition 

to the existing Geoscientist Twitter 

account (@geoscientistmag), we’ve 

launched LinkedIn and Instagram 

channels for the magazine, 

achieving hundreds of thousands 

of impressions through our posts 

and growing our number of social 

media followers by 10% in seven 

months. Our Science Snapshot 

videos provide a popular way to dip 

into our science features when time 

is limited. It is heartening to see that 

our revised digital approach allows 

us to reach new audiences.

The editorial team has evolved, 

too. Following her stint as locum 

editor, Sarah Day has now left 

the Society. We are incredibly 

grateful to Sarah for her work on 

Geoscientist and happy that she 

will continue to write for us on 

occasion. We’re also in the process 

of building our Contributors Team 

and we received a number of strong 

applications following our call 

for volunteers earlier in the year. 

The team will begin writing in the 

coming months and we’ll introduce 

them in our Spring 2022 issue. Our 

Editorial Advisory Panel continues to 

provide invaluable guidance on our 

science features and we appreciate 

their efforts. Finally, we must thank 

all our authors. Geoscientist relies 

on voluntary contributions from 

the community and it is these 

stimulating submissions that make 

the publication rich and interesting.

With the current issue, we are 

moving out into the solar system 

as we wrap up the Society’s Year 

of Space. Despite the continued 

strain of pandemic-induced 

restrictions, the Society has had 

an incredibly successful year, the 

highlight of which for many was 

the Spacescapes exhibition held in 

the Burlington House Courtyard 

this summer. For those who 

couldn’t make it, we provide a brief 

showcase of the exhibition on p. 27. 

2022 marks the Society’s Year of 

Sustainability, during which we will 

explore the role of geoscientists in 

delivering the energy transition and 

the UN’s Sustainable Development 

Goals (p. 9). As ever, if you feel 

motivated to contribute an article 

or opinion piece on this theme or 

another topic, please get in touch.
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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

READERS WERE INFORMED earlier in 2021 

of the difficulties facing the Society with regard 

to its future occupancy of Burlington House. 

Political engagement continued during the 

summer with Sir David Attenborough writing 

to the Prime Minister presenting the case for 

the Geological Society (and the Linnean and 

Antiquaries) to remain at Burlington House, and 

the broadcaster and 

astronomer Brian Cox 

presenting the case on 

the BBC Radio 4 Today 

programme. Discussions 

with Government 

continue but, at the time 

of writing, there is no sign of a change of heart 

from the landlord regarding the unaffordability of 

future rents.   

In parallel, the ‘Relocation Options’ project, 

chaired by past-President David Shilston, 

continues to evaluate the options available  

to the Society should it be forced to seek new 

premises. The matter continues to be a focus  

of Council discussions, 

and further updates  

will be provided in  

due course. 

Richard Hughes, 

Executive Secretary

R E N E W  YO U R 
M E M B E R S H I P
Don’t miss out on the next 

issue of Geoscientist 

To ensure you receive your 

next copy of Geoscientist, 

please renew your 

membership with the 

Geological Society by 31 

December. It’s very quick and 

easy to renew via your online 

member portal, MyGSL. 

Long-term membership 

brings many added benefits 

and reduced rates. It also 

ensures that you don’t 

miss out on any of the new 

opportunities being offered. 

Visit www.geolsoc.org.

uk/renewals for more 

information.

S O C I E T Y 
R E S E A R C H 
G R A N T S  2 0 2 2
The 2022 round of Society 

Research Funds is now 

open. Applications must be 

accompanied by supporting 

statement forms from 

two Fellows. All forms can 

be downloaded from the 

Research Grants webpage at 

www.geolsoc.org.uk/grants. 

The closing date for 

application is 11.59 pm on 

4 February 2022.

Last year, the Research 

Grants Committee allocated 

10 grants. A list of the 

recipients and their projects 

can be found on the 

Research Grants webpage.

Burlington House
Sir David Attenborough and broadcaster and astronomer Brian Cox have been 
raising awareness of the Geological Society’s future occupancy of Burlington 
House, as the matter continues to be a focus of Society Council discussions

TURN  
TO PAGE 12
Geological 
activity on 
Pluto, revealed 
by the New 

Horizons probe, confounds 
expectations

J O I N  T H E  D E B AT E 
Has a news item got you thinking? 
We welcome readers’ letters and 
feedback. Share your views by 

emailing geoscientist@geolsoc.org.uk

Rising rents at Burlington House  
have put our tenure at risk
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This competition gives students the 

chance to explore their interest in 

geology and put their teamwork 

skills to the test, as well as an 

opportunity to win up to £200 

for their school to put towards 

geoscience learning. Participants 

don’t have to study geology to 

enter – the competition is open 

to any interested students who 

are currently studying geology, 

geography or science A-levels, or 

Advanced Highers. 

To enter, students must submit an 

entry to the Qualifiers by 4 Feb 2022. 

Teams who make it to the Final on 

March 24 2022 will be able to attend 

either in person at Burlington House, 

or virtually via Zoom.

The 2021 Challenge was won 

by geography students India and 

Emily from The Alice Smith School. 

Runners up were The Tiffin Girls 

School and Cirencester College. 

For more information, visit  

www.geolsoc.org.uk/geochallenge 

or contact the Education Team at 

education@geolsoc.org.uk

THE ROYAL COMMISSION  
FOR THE EXHIBITION OF 1851

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/

A new geoscience conference 
series for a low-carbon future!

The Petroleum 

Exploration 

Society of 

Great Britain 

(PESGB) and the Geological Society, with its 

Energy Group, are delighted to announce 

the launch of a new conference series – the 

Energy Geoscience Conference (EGC). The 

EGC series aims to play an enduring role in 

delivering the energy transition by bringing 

together geoscientists from academia 

and industry to explore and develop the 

contribution of geology and geophysics to 

the remaking of the world’s energy system. 

The series will commence with EGC1 as a 

hybrid in-person/virtual event in Aberdeen in 

May 2023. Abstracts are now being sought 

across the full breadth of energy-related 

geosciences, including exploration and 

development of lower emissions oil and 

gas, energy storage and renewable energy 

sources, both in the UK and internationally. 

The EGC conference will be relevant to 

energy geoscientists working on all aspects 

of these subsurface themes. It seeks to track 

the evolving energy transition, encouraging 

the cross-disciplinary sharing of scientific 

insights, techniques, best practice and case 

histories with a NW Europe and global 

audience. It will continue the outstanding 

tradition of scientific sharing associated with 

the UK Continental Shelf, in which the PESGB 

and Geological Society have now been 

collaborating for almost five decades. 

For more information please visit:  

www.energygeoscienceconf.org

Call for nominations to Council
Membership of the Society’s governing Council offers the opportunity to play an active 
role in the delivery of the Society’s strategy through Council and its committees. It is 
important that the membership of Council reflects the diversity of the community it 
serves. Nominations from currently under-represented groups, and from candidates 
with scholarly publishing or fundraising expertise, are especially welcome.
The current Council membership can be found at www.geolsoc.org.uk/council

The closing date for nominations is 23:59 on Wednesday 5 January 2022.

M O R E  O N L I N E
Keep up-to-date with 
the latest news and 
discussion, and view 

additional geoscience-related  
reports, videos and more at  
www.Geoscientist.Online

Amanda 
Owen, 

Council 
member

Following its successful 2021 revamp, the Schools Geology 
Challenge is back for 2022!
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RENOWNED FOR its desolate and unforgiving 

landscape, Antarctica is the driest, coldest, 

windiest continent on the planet. Immortalised 

as a world of glittering glaciers and huddling 

penguins, the barren tundra hides a big secret… 

numerous volcanoes. 

Perhaps the very antithesis of the frozen 

desert, one of the Society’s latest Memoirs 

explores these volcanoes. Professor John 

Smellie, Chief Editor of the volume, spoke with 

Jo Armstrong (Production Editor) and Bethan 

Phillips (Commissioning Editor) about his 

research and time spent in Antarctica. 

Read the interview at 

https://blog.geolsoc.

org.uk/2021/10/18/

the-secret-world-of-

antarcticas-volcanoes/

Purchase the book 

Volcanism in Antarctica: 

200 Million Years of 

Subduction, Rifting and 

Continental Break-up 

(by J.L. Smellie, K.S. Panter & A. Geyer eds, 2021) 

via the Online Bookshop at  

www.geolsoc.org.uk/M0055

The secret world of 
Antarctica’s volcanoes

C O U N C I L 
E L E C T I O N S 
2 0 2 2
Following receipt of 

all nominations for 

Council, a ballot will be 

conducted, the results 

of which will determine 

the list for the formal 

vote at this year’s AGM 

in June 2022.

Civica Election 

Services (CES) will 

administer the Council 

ballot on behalf of the 

Society. All Fellows 

should receive an 

email from CES by 

mid-February with 

instructions on how 

to vote online. Fellows 

who have not provided 

an email address will 

have received a postal 

ballot pack. 

If you have not heard 

from CES by 22 

February 2022 or have 

any issues casting your 

vote, please contact 

christina.marron 

@geolsoc.org.uk

The Geological Society at COP26
On behalf of the geoscience community, a 

delegation of representatives attended the 26th 

United Nations Climate Change Conference of 

the Parties (COP26) to observe negotiations and 

represent the role of the geosciences during 

international climate policy negotiations.

The International Panel on Climate Change and 

governments around the world have highlighted 

the vital role of subsurface technologies 

and resources, such as carbon capture and 

storage, geothermal energy, energy storage in 

underground caverns to support future hydrogen 

economies, and compressed-air energy storage, 

for meeting net-zero targets. Demand for metals 

and materials to support the production of, for 

example, renewable technologies, batteries and 

electric vehicles, is also projected to increase 

substantially in the coming decades.

The Society is working with the geoscience 

community, as well as decision makers and 

stakeholders outside the geosciences to 

understand and raise awareness of the various 

ways that geoscience will underpin our global 

decarbonisation goals.

Read about out what happened at COP26 at 

www.geolsoc.org.uk/COP26

The book looks at 
the volcanoes of 

Antarctica

Representatives  
from the 
Society 
attended 
COP26
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The Year of Sustainability
2022 will mark the final of the 

Society’s themed years, as the Year 

of Sustainability. Throughout the 

year, the Society will explore the role 

geoscientists have to play in delivering 

the energy transition and meeting 

the UN’s Sustainable Development 

Goals through a variety of research 

conferences, lectures and education 

and outreach activities.

Many of the activities will take 

place under the banner of the 

Society’s new scientific themes on the 

Energy Transition and Geohazards, 

Geoengineering and Georesilience. 

Through these themes, we will explore 

the responsible management and 

extraction of natural resources, such 

as minerals and water, as well as 

the risks posed by natural hazards. 

The programme will bring together 

scientists, community leaders and 

policy makers to ensure that economic 

development is underpinned by 

environmental stewardship and 

empowered communities.

NORTHUMBERLAND ROCKS
2021 is the 50th anniversary of the 

Northumberland Wildlife Trust. 

To celebrate, and inspired by the 

Geological Society’s 100 greatest geo-

sites event in 2014, the Trust is running a 

virtual Rock Festival focused on the old 

county of Northumberland. Until March 

2022, web pages, trail guides and video 

hikes will showcase 50 great rock sites 

across the county.

This Rock Festival, unashamedly, 

targets non-geologists. The aim is to 

engage and encourage the general 

public to look at the county through 

different eyes, and better understand its 

origins and habitats. And, perhaps just as 

importantly, appreciate how changing 

climates and environments over time 

have created this precious landscape... 

and continue to change it.

As well as unravelling the secrets of 

the Whin Sill and coal mining, the Rock 

Festival helps teach people about less 

well-known places where they can visit 

a 400-million-year-old volcano, see 

where earthquakes have bent solid rock, 

or walk over a border mire that started 

when the last ice sheet retreated 15,000 

years ago. The information provided 

is an eclectic and attractive blend of 

geology, biology and history. 

Find out more at geoscientist.online/

sections/news/northumberland- 

rocks/ or visit www.nwt.org.uk/rock-

festival-sites 

Ian Jackson (Coordinator of the 

Northumberland Wildlife Trust  

Rock Festival, with support from  

Angus Lunn)

The Rock Festival aims to  
inspire non-geologsts

JOIN OUR 
TECHNICAL 
COURSES 
COMMITTEE

In 2020, the Geological Society 

launched its Continuing Professional 

Development (CPD) Virtual Training 

programme. Our aim was to create 

a range of course programmes 

covering various sectors within 

geoscience, thereby aiding the 

continuing professional development 

of geoscientists. The programme was 

incredibly successful, with the launch 

and delivery in 2021 of new training 

courses covering geohazards, 

geotechnical engineering and GIS. 

To cover the breadth of subjects 

of interest to modern professional 

geoscientists, next year we will 

launch a number of new programmes 

in conjunction with the Society’s Year 

of Sustainability. 

We now seek experienced 

geoscientists to join the Training 

Course Committee. As a committee 

member you will play an essential 

role in helping to develop key 

themes, support geoscientists 

with their continuing professional 

development, and create diverse 

and informative training course 

programmes, while expanding the 

reach of courses globally.

To see our current programme 

please visit www.geolsoc.org.uk/

Events/Online-Training-Courses 

For more information,  

please email Becky Goddard 

(Event Manager)  

Becky.Goddard@geolsoc.org.uk



10 GEOSCIENTIST  |  WINTER 2021

M useums and their 

sta�  have su� ered 

like everyone else during 

the Covid pandemic and 

lockdowns. However, many 

museums have been able to 

turn a challenging situation 

to advantage and actually 

increase accessibility thanks to 

the present digital revolution.

The Sedgwick Museum of 

Earth Science in the University 

of Cambridge has been lucky 

in having the sta� , fi nancial 

support and at 

least some of the 

technical means to 

make the best of 

a di�  cult situation. 

But it is one thing to 

have the technology; it is 

another to achieve the desired 

connectedness, and to have 

content that people want to 

see and will encourage them 

to return to the museum. 

Like many other museums, 

the Sedgwick was already 

experimenting with a range 

of digital resources for the 

public and using social media 

as an immediate means of 

connecting and interacting 

with a new generation. 

One way that we have been 

able to maintain the dynamic 

of discovery is through our 

connections with students 

and researchers. For example, 

the University of Cambridge’s 

Department of Earth Science 

recently collaborated with 

the museum in building a 

Deep Earth Explorers Online 

Exhibition. This digital resource 

complements an exhibition 

in the museum and we have 

encouraged engagement via 

virtual talks. Such talks are 

easy to arrange and regularly 

attract between 50 and 100 

participants. Now we are out 

of lockdown, we combine 

online sessions with group 

tours in the museum.

Lockdown curtailed 

public access to some new 

exhibits, such as ‘Dawn of 

Wonderchicken’, 

on Daniel Field’s 

exciting work on 

one of the best-

preserved fossil bird 

skulls. However, the 

exhibit was reconfi gured 

by the museum’s Exhibitions 

Coordinator, Rob Theodore, 

to produce an accessible 

online display. 

The success of such 

illustrated storytelling 

technology prompted further 

online outreach work directed 

towards local communities. 

For example, the museum’s 

Gravel Hunters project 

encourages people of all ages 

to look for fossils in the fl int 

gravel that is ubiquitous in the 

area, and to reconnect with 

the still essential ‘in-person’ 

experience in the museum.

Whilst Covid has shown that 

a museum can have ‘digital-

only’ visitors from anywhere 

in the world, in-person 

visitors are still our lifeblood. 

Hopefully, we will emerge 

into a hybrid, more digitally 

connected world with more 

widely available ‘cathedrals of 

knowledge’ to which visitors 

will return. There is nothing 

like seeing the ‘real thing’.

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

Necessity is indeed the mother of invention, 

suggest Douglas Palmer and Rob Theodore

D O U G L A S  P A L M E R 
&  R O B  T H E O D O R E
Douglas is the Information 
Coordinator and Rob is the 
Exhibition and Displays 
Coordinator at the Sedgwick 
Museum, University of Cambridge

COLUMN

A digital recovery

The Sedgwick 
Museum of 
Earth Science 
has embraced 
digital 
opportunities

Want to join 
the debate?

Email 
geoscientist

@geolsoc.org.uk
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Follow us @geoscientistmag

GeoScience Limited
@GeoScienceLtd: #Geoscience is essential in the transition to #NetZero, as 
clearly shown in these brilliant articles in @geoscientistmag. #Geological issues a� ect 
so many di� erent industries, environments and policies that there will always be a 
need for future roles. #geology #STEMeducation

Oliver Lancaster
@gasworksollie: Well, well – this @GeolSoc @geoscientistmag has delivered a rich 
publication on the role of geoscience in net zero. I need to digest, but includes carbon 
mineralisation, geological storage of H2 & CO

2
 for hydrogen economy, geothermal, 

mining, skills, engagement. Kettle-on time!

Leverhulme Centre for Climate Change Mitigation
@lc3m_cdr: Great feature in @geoscientistmagGeological 
solutions for carbon dioxide removal geoscientist.online/
sections/features/geological-solutions-for-carbon-
dioxide-removal/… Led by #LC3M Rachael James with 
colleagues @cslarkin1 @Liam_Geochem and Juerg Matter. 
#enhancedrockweathering #ERW #carbondioxideremoval 
#CDR @LeverhulmeTrust

David McNamara
@mcnamadd: New issue of the @geoscientistmag is out – I had a blast writing 
an article on the role of structural geology in #NetZero with the fantastic @
ChrisMcMahon7 @the_JenRoberts &  @SWgeoscience #EnergyTransition #Geology 
#EarthScience 

Gareth Johnson
@geogareth: Loving this new issue! And not just because of shameless self-promotion 
(well, not all), great articles from friends and colleagues on geoscience and net zero 
including: @ChrisMcMahon7 @the_JenRoberts @mcnamadd @poetpip @lc3m_cdr 
@Liam_Geochem @JoelCGill and others!

Philip Ringrose
@poetpip: Great to see this issue of Geoscientist out! And especially 
pleased to contribute some perspectives on the #energytransition where 
#geosciences will be vital!

Heriot-Watt IGE
@HWUPetroleum: A great article from @poetpip in the @geoscientistmag, 
discussing why applied #geoscience and #geoenergy are so crucial to reach 
#netzero and support #sustainability and #energytransition – which is at the 
heart of everything we do at IGE.

Liverpool Uni Earth Sciences
@LivUniEarthSci: Want to know what the role of structural geology is in the 
#energytransition? Take a look at this article written by our own structural geo 
@mcnamadd and colleagues @the_JenRoberts @SWgeoscience & @ChrisMcMahon7 
for the @geoscientistmag

D E A R  E D I T O R S , 

The Neogene Period is 

subdivided into the epochs: 

Holocene (“completely 

recent”), duration 0.01 

million years; Pleistocene 

(“most recent”), 2.57 million 

years; Pliocene (“more 

recent”), 2.75 million years; 

Miocene (“not very recent”) 

17.70 million years.

The main epochs lasted 

a few million years, and the 

Holocene has, by comparison, 

only just begun. The start 

of the Holocene roughly 

corresponds with the 

beginning of humankind’s 

modifi cation of Earth (during 

the Mesolithic) by agriculture, 

forest clearing, hunting, 

and so on. 

The new term, 

Anthropocene, focuses on the 

most recent progression of 

human-induced environmental 

change, such as by plastics, 

or even climate change. 

These problems are relatively 

transient, and will not be issues 

within Historical (hundreds 

of years), let alone Geological 

(millions of years), time scales. 

The creation of a new epoch 

for such a short-lived episode, 

relegating the Holocene to 

“bit-player”, is, in my opinion, 

somewhat unnecessary 

and “anthropocentric”.

P E T E R  O W E N ,  F G S

is an Oxford University 

geology graduate (1967) and 

worked as a geophysicist, 

until 2004
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THE 
GEOLOGICAL 
HEART OF A 
DWARF PLANET

E
X P E C TAT I O N S  were mixed 

as the New Horizons space 

probe approached Pluto back 

in 2015. Was Pluto geologically 

dead or alive? The Hubble 

Space Telescope had revealed clear 

variations in the albedo across the dwarf 

planet’s surface, hinting at some geological 

activity in Pluto’s past, but current 

geological activity wasn’t really expected.

Small icy bodies located in the outer 

solar system are thought to have accreted 

less radioactive material during their 

formation compared to the larger rockier 

bodies, and so should have less residual 

heat. As a result, small bodies tend to 

lack surface expressions of any internal 

activity. There are exceptions to this trend, 

of course. For example, the inner Galilean 

satellites of Europa and Io are heated 

by tidal interactions during their orbit of 

Jupiter, which drives geological activity at 

their surfaces. However, Pluto and Charon 

(see glossary, p. 18) are tidally locked.  

Located in the cold outer reaches of our solar system, Pluto was thought unlikely to be 
geologically active. Yet, as Veronica Bray explains, images from the New Horizons probe 
revealed ice-driven convection, tectonism and cryovolcanism
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The binary dwarf planet system of Pluto (lower right) 
and Charon (upper left). In this composite enhanced 
colour image, the relative sizes of Pluto and Charon 
are approximately correct, but their true separation 

is not to scale. The image combines blue, red and 
infrared images taken by New Horizon’s Ralph/

Multispectral Visual Imaging Camera and highlights 
the compositional variations on Pluto (light yellow, 
nitrogen ice; dark yellow and blue, methane ice of 

different ages; red, tholins) 
(Image credit: NASA/JHUAPL/SwRI)
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They orbit each other with near-circular 

orbits, meaning that negligible tidal heating 

is currently produced in their interiors 

as a result of tides. With no clear source 

of internal heat for Pluto, there was no 

expectation of geological activity at its 

surface. Yet, a geologically dead Pluto was 

not what was found.

Western lobe
Images beamed back from the 

New Horizons probe revealed that 

one hemisphere of Pluto (Fig. 1) is 

dominated by the striking high-albedo 

Tombaugh Regio or ‘Heart of Pluto’, 

which is composed of two geologically 

distinct lobes.

The western lobe hosts a large nitrogen 

and carbon monoxide ice deposit that 

fills the Sputnik impact basin. This deep 

basin is thought to have provided a cold 

trap in which atmospheric condensation 

of carbon monoxide and nitrogen could 

readily occur, forming the wide expanse of 

Sputnik Planitia (Fig. 1). The concentration 

of mass within Sputnik Planitia then 

induced global tectonism, forming radial 

and concentric fracture systems.

Once deep enough, thermal and 

compositional gradients within the 

ice deposit prompted the initiation of 

convection within the nitrogen ice. Today, 

a pattern of troughs divides the surface of 

this icy plain into almost 200 oval-shaped 

units that mark the top of 3 to 4-km-deep 

convection cells (Fig. 2). Most of the cells 

have a pitted surface, with the pits formed 

by the sublimation of the surface nitrogen 

ice. Pit density is generally highest at the 

edges of the cells and more limited in the 

centres of the actively convecting cells.

In the southern parts and edges of 

Sputnik Planitia, the nitrogen ice deposit 

is thinner and does not convect, so the 

sublimation pits have had more time to 

develop. The pits are larger and, in some 

cases, have reached the base of the ice 

sheet, exposing a low-albedo basement. 

Sublimation pits are sometimes aligned, 

forming along flow margins, fractures, 

or compositional differences in the ice 

to create chains of pits that resemble 

fingerprints (Moore, J.M. et al. 2017).

From New Horizons’ striking images 

of Sputnik Planitia came an even more 

striking result: no impact craters. Down to 

the limit of the image resolution, there was 

a complete lack of impact craters within 

Sputnik Planitia, which suggests that the 

surface of this feature is geologically very 

young – less than 10 million years old. Age 

estimates based on the expected rate of 

convective overturn and sublimation for 

nitrogen ice suggest a maximum age of 

just 180,000 (+90k/-40k) years, making 

Sputnik Planitia one of the youngest 

terrains in the solar system. 

On the northern and western edges of 

Sputnik Planitia (Fig. 2), which comprise 

the rim of the ancient Sputnik impact 

basin, are water-ice mountains. These 

mountains have a veneer of methane ice 

and small dark particles known as tholins, 

which are complex organic compounds 

precipitated from Pluto’s atmosphere 

after reactions between UV and cosmic 

radiation and atmospheric gases. Here, 

jumbled blocks of the ancient crater rim 

have collapsed downwards into the basin 

(Fig. 2). In the valleys between these 

blocks, nitrogen ice glaciers can be seen. 

These glaciers perhaps record a period 

where the level of Sputnik Planitia ice was 

higher, before receding. 

The spectral signature of these regions 

suggests the ice here is predominantly 

Figure 1: One hemisphere of Pluto is dominated by the Tombaugh Regio or ‘Heart of Pluto’. This image is a 
combination of four taken from New Horizons’ Long Range Reconnaissance Imager (LORRI), combined with 
colour data to create a global true colour view of Pluto (Image credit: NASA/Johns Hopkins University Applied 
Physics Laboratory/Southwest Research Institute)

1
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methane. However, methane ice lacks the 

strength required to maintain topography 

of this magnitude. Instead, it seems 

that the ‘bed rock’ for Pluto is water 

ice, which is capable of supporting the 

large variations in topography observed 

across the body. Atmospheric deposition 

of methane and nitrogen ice then likely 

covered the water ice in most areas. In a 

few locations, such as along chasm walls 

and on the exposed tilted sides of ice 

blocks in Al-Idrisi Montes, the white of the 

water ice can be seen, layered with red 

tholins (Fig. 2). 

Eastern lobe
The eastern lobe of Tombaugh Regio is 

an upland of sublimation-pitted methane 

ice. Here, eroded valleys are filled with 

nitrogen-ice glaciers that appear to flow 

into the main body of Sputnik Planitia 

(Howard, A.D. et al., 2017). 

The eastern-most extent of Tombaugh 

Regio hosts the ‘dragon skin’ or bladed 

terrain of Tartarus Dorsa – an area 

comprised of several swells that are 

hundreds of metres high and separated by 

long narrow valleys (Fig 3). The ridges are 

covered by north-south trending blades 

of methane ice, that appear like penitentes 

(blade-shaped snow formations) on Earth. 

The consistent orientation of the blades 

suggests that some factor, such as solar 

illumination, results in the preferential 

deposition/removal of methane ice. The 

penitentes in Pluto’s bladed terrain system 

are two orders of magnitude larger than 

those found on Earth – a testament to the 

extreme action of sublimation on this body.

Equator
Around Pluto’s equator lies a band of 

maculae – low albedo regions where the 

surface is coated in a mantle of tholins 

(Fig. 1). Tholins are deposited globally on 

Pluto, but are disrupted by the continuous 

cycle of deposition and sublimation of the 

volatile methane and nitrogen ices during 

Pluto’s extreme seasons. The relatively 

mild temperature changes at the equator 

allow tholins to deposit without disruption 

from volatile cycling.

Cryovolcanism
To the south of the equatorial macula, 

at the southern tip of Sputnik Planitia, 

lies the cryovolcanic field of the Wright 

Mons region (Fig. 4) – another startlingly 

young terrain based on the small number 

of impact craters present over its surface. 

Wright Mons is potentially a cryovolcanic 

feature, about 145 km across and rising 

about 4 km from base to peak, which is 

similar in scale to Earth’s largest shield 

volcano, Mauna Loa. However, the 

similarities with terrestrial shield 

volcanism end there. Instead of 

smooth terrain, the bobbly surface texture 

is reminiscent of pillow basalts, but on 

a massive scale. Wright Mons may have 

a central depression, but it is much 

larger than that expected for collapse 

Figure 2: High-resolution swath across the rim of the 
Sputnik basin, from older cratered and tectonically 
disrupted terrain of Viking Terra at the top, to the 
young convecting nitrogen-ice deposit of Sputnik 
Planitia at the bottom. (A) Viking Terra – a bedrock 
of water ice, covered with methane ices and cut 
by craters and extensional tectonics. (B) Glacially 
eroded terrain with a covering of red tholins, just 
above a trapped glacier/frozen lake of nitrogen ice. 
(C) Tilted ice blocks of Al-Idrisi Montes expose water 
ice beneath their cover of red tholins, surrounded 
by pitted nitrogen ice. (D) The sublimation-pitted 
convecting nitrogen ice of Sputnik Planitia. (E) Light-
toned dunes and dark wind streaks are observed in this 
part of Sputnik Planitia. They potentially formed from 
methane ice ‘sand’ blown from Viking Terra and the Al-
Idrisi mountains. (Image credit: NASA/JHUAPL/SwRI)

In the southern 
parts and edges of 
Sputnik Planitia, the 
nitrogen ice deposit 
is thinner and does 
not convect, so the 
sublimation pits  
have had more time 
to develop

2
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calderas, at around 4 km deep and 

56 km across. Rather than marking a 

central vent from which the Mons was 

formed, it is likely that the large central 

depression of Wright Mons (as well as 

other potentially cryovolcanic features 

in the region) marks an area that failed 

to fill with advancing viscous water/ice. 

Instead, this ‘lava’ stalled and formed an 

undulating cryovolcanic terrain.

The tectonic complex of Virgil 

Fossae, which is located in the Viking 

Terra region of Pluto, just west of 

Sputnik Planitia, also shows signs of 

cryovolcanism. This complex is estimated 

to be younger than 1 Ga. The source 

for this geologically recent activity is 

unknown, but might be due to increasing 

internal pressure caused by the gradual 

solidification of an ammonia-water  

sub-surface ocean or liquid chamber 

within the ice crust. 

North pole
Pluto’s northern terrains (main feature 

image p. 13. and Fig. 1) are generally 

heavily cratered, suggesting they formed 

about four billion years ago. Parallel 

canyon systems that are now heavily 

eroded by glacial activity, record a period 

of ancient extensional tectonics, perhaps 

associated with the partial freezing of a 

sub-surface ocean, or the formation of 

the Sputnik impact basin. 

Superposed on the ancient 

northern terrains are large collapse 

pits and ablation landforms created 

by sublimation. Dendritic valleys cut 

through the northern terrains and 

Figure 3: Eastern Tombaugh Regio. A methane-rich terrain pock-marked with sublimation pits (A), with low points filled in some places with nitrogen ice  
(B). Tartarus Dorsa lies to the top right of the image, at the ‘terminator’ where the extreme lighting angles create long shadows (e.g. B), emphasising the topography 
in the region. The swells of terrain with high-altitude methane-ice penitentes (C) are separated by deep tectonic valleys (D). This view is roughly 530 km across 
(Image credit: NASA/JHUAPL/SWRI)

The spectacular fly-by of New Horizons 
transformed our understanding of Pluto 
from a barely resolved dot in the sky to a 
surprisingly active and fascinating world

PLANETARY  
SCIENCE
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were likely formed by the deposition 

and transport of seasonal ices. The 

observations of glacial flow today (from 

the highlands of the eastern Tombaugh 

Regio, down to the Sputnik basin), 

suggest that many of the landforms seen 

in the northern terrains are due to past 

glacial activity. It is unknown whether 

this glacial action occurs annually, but 

it is likely; the seasons on Pluto are 

certainly dramatic enough to produce 

notable changes over the course of its 

248 Earth-year orbit. 

Extreme seasons
The relatively mild seasonal changes on 

Earth are a gift of our planet’s moderate 

23.5-degree axis tilt and the Moon’s 

stabilising influence. Pluto’s axis is tilted 

at 122.5 degrees (Fig. 5), which leads to 

much larger Arctic and Antarctic zones 

(those that experience ‘midnight sun’ 

in summer and full-day darkness in 

winter). This creates clear temperature 

zones across the dwarf planet, driving a 

seasonal migration of volatiles towards 

colder areas of the body. After the last 

equinox in December 1987, Pluto’s 

North Pole exited its 124-year-long 

‘polar night’. Nitrogen ices at the North 

Pole began to sublimate, joining the 

atmosphere and condensing at the now 

dark south polar region. 

Earth-based 
observations 
continue to monitor 
the ever-condensing 
atmosphere of Pluto 
as it races farther 
away from the  
Sun on its  
elliptical orbit

Pluto’s orbit is also elliptical, compared 

to Earth’s relatively circular orbit about 

the Sun. The dwarf planet moves as close 

to the Sun as 30 Astronomical Units (AU), 

which is inside the orbit of Neptune, and 

as far away as 50 AU. 

The elliptical orbit and extreme tilt 

mean that surface temperatures on Pluto 

vary between 40 to 60 K (−230 to  

−210 °C), which is close to the 

condensation point of several volatile 

ices (such as, 32 K for nitrogen, 45 K for 

methane and 52 K for carbon monoxide) 

and leads to significant atmosphere-

surface interactions. Essentially, a portion 

of the atmosphere condenses out when 

Pluto is farther from the Sun, depositing 

onto the surface of Pluto as an exotic 

snow layer. The surface of Pluto might 

appear starkly different at perihelion 

compared to the colder, darker aphelion. 

When New Horizons visited Pluto, 

the planet had recently been at its 

perihelion (September 1989), meaning 

that the images recorded by New 

Horizons were of Pluto in its warmest 

state. This was part of the plan: the 

distance between Earth and Pluto was 

relatively short, cutting down on travel 

time and fuel needs, and ensuring that 

the probe could visit the planet at a time 

when the surface wasn’t blanketed in 

atmosphere-derived deposits. Pluto has 

since continued along its elliptical orbit, 

Figure 4: Wright Mons is a possible cryovolcano spotted by the New Horizons spacecraft during its fly-by of 
Pluto in July 2015 (Image credit: NASA/JHUAPL/SwRI)

4
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away from the Sun. Pluto is 

changing, but New Horizons 

is long gone. 

Future missions
The spectacular fly-by of New 

Horizons transformed our 

understanding of Pluto from 

a barely resolved dot in the 

sky to a surprisingly active 

and fascinating world. The 

fly-by nature of the mission 

meant that the close-proximity 

observations were largely 

restricted to one hemisphere, 

viewed over a matter of hours. 

Data acquisition had to be 

pre-planned and automated 

because no commands could 

be given to the spacecraft 

during its encounter (due to 

a signal from Earth taking 4.5 

hours to travel to Pluto). 

The next step is an orbiter, 

which will enable us to view 

Pluto illuminated in its entirety 

over an extended time period 

and allow for updates to 

the data acquisition plan in 

near-real time. Higher-resolution images of 

the far-side of Pluto will allow us to study 

currently unresolved geological features 

and thereby confirm (or not) our theories of 

global tectonism and temperature-related 

sublimation/deposition zones.

A return mission to Pluto would also 

likely include additional instruments to 

measure the gravity field, allowing us to 

constrain the differentiation state of Pluto’s 

interior, including the presence (or not) of a 

subsurface ocean. With a return mission, we 

could observe how Pluto has changed since 

the encounter with New Horizons, potentially 

finding new meteor impacts, dune migration, 

and deposition/sublimation of seasonal ices.

Earth-based observations continue to 

monitor the ever-condensing atmosphere 

of Pluto as it races farther away from the 

Sun on its elliptical orbit. But without 

up-close imaging, we can only guess how 

atmospheric condensation is changing the 

surface of Pluto over the course of its year. 

Compared to the relatively warm surface 

imaged in July 2015, later missions may 

reveal a completely different face of Pluto 

as it hides deeper beneath its blanket of 

exotic snow. 
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GLOSSARY
•   Al-Idrisi Montes – a mountain 

range in the northwest part of 

Tombaugh Regio

•   Aphelion – the point at which a 

planetary body is farthest from the 

Sun in its orbit

•   Charon – Pluto’s binary partner. 

Together, Pluto and Charon form 

a binary dwarf planet system 

orbiting about their combined 

centre of mass. 

•   Equinox – when the centre of the 

Sun is directly above the equator

•   Maculae – low-albedo regions 

with a surface mantle of tholins

•   Penitentes – erosional features 

characterised by elongated, thin 

blades of ice that grade into spires

•   Perihelion – the point at which a 

planetary body is closest to the 

Sun in its orbit

•   Sputnik impact basin – an ancient 

tear-drop shaped scar created by 

a massive comet impact about 

four billion years ago 

•   Sputnik Planitia – a high-albedo, 

ice deposit, about 1,050 by 

800 km in size

•   Sublimation pits – depressions 

in the surface formed when ice 

is heated by sunlight and turned 

directly into a gas 

•   Tartarus Dorsa – a set of 

mountains in Pluto’s northern 

hemisphere characterised by 

penitentes

•   Tholins – particles created in 

and precipitated from Pluto’s 

atmosphere by reactions between 

UV and cosmic radiation and 

atmospheric gases

•   Tombaugh Regio – the ‘Heart 

of Pluto’, a high-albedo region 

composed of two geologically 

distinct lobes

•   Wright Mons – a potential 

cryovolcano
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Figure 5: A simplified illustration of the larger arctic (northern) and 
Antarctic (southern) zones on Pluto compared to Earth, due to Pluto’s 
larger axial tilt. The Arctic/Antarctic circles for Earth and Pluto are drawn 
in red. Poleward of this line is the area that experiences constant light or 
darkness during the summer/winter
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Since February 2019, the InSight lander has been collecting geophysical data 
that allow us to peer inside the red planet. The data reveal a vast molten core, 
but thinner-than-expected crust, as Anna Horleston and Jessica Irving explain

The Valles Marineris Hemisphere of Mars. 

(Image credit: NASA/JPL-Caltech)
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 WHAT
LIES
BENEATH

I
T  T O O K  S E V E R A L 

C E N T U R I E S  of theorisation 

and many decades of seismic 

data collection and analysis 

to determine Earth’s internal 

structure. However, we now have a 

good understanding of the layering 

seen within our planet: from the crust 

– oceanic and continental – through 

the upper mantle, transition zone, 

lower mantle and liquid outer core, 

all the way to the solid iron heart 

of Earth. 

Thanks to the seismic data 

recorded as part of the Apollo 

missions, we also know that the 

Moon has both a solid inner core 

and a liquid outer core, but what of 

Mars’ interior? Understanding the 

formation, evolution and structure 

of a terrestrial planet is a big goal for 

a little lander, but NASA’s InSight is 

rising to the challenge.

InSight on Mars
InSight (Interior Exploration using 

Seismic Investigations, Geodesy 

and Heat Transport; Fig. 1) is the 

first dedicated geophysics mission 

sent to another planet. The lander 

is equipped with not only a highly 

sensitive seismometer, but also wind, 

pressure, temperature, and magnetic 

sensors that were all designed to 

allow us to determine the internal 

structure of the red planet.

After a successful landing in 

November 2018, the seismometer 

(SEIS; Fig. 2) was carefully deployed 

onto the surface of Mars (rather than 

being left on the deck of the lander 

as in the 1970s Viking mission). After 

it was protected with a wind and 

thermal shield, continuous seismic 

recording began in February 2019 

and SEIS has been recording and 

transmitting data with very few 

interruptions ever since (Banerdt  

et al., 2020).

Seismic signals from Mars
Though Mars has no tectonic 

plates, the first marsquakes were 

detected within months of InSight 

landing. It is challenging to detect 

quakes on Mars, not only because 

they are small, but also because 

the seismometer is subject to the 

extremes of the Martian weather, 

with seasonally changing daily 

windy periods that obscure hours 

of potential marsquake data, even 

with the wind and thermal shield in 

place. The wind and pressure sensors 

can help us distinguish between 

atmospheric and tectonic signals but, 

as yet, we have not found a way to 

remove the atmospheric effects from 

the seismic data.

Over the past three years, the 

marsquake service has catalogued 

over 900 marsquakes (InSight 
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Marsquake Service, 2021; Fig. 3) and 

more are observed every day. The quakes 

fall into two distinct categories: high 

and lower frequency events (Clinton et 

al., 2021). High-frequency marsquakes 

have energy at or above 2.4 Hz and their 

seismic signal is scattered with emergent 

phases that slowly increase in amplitude, 

rather than having a sharp onset. These 

seismic signals are thought to originate in 

the crust and their complexity is caused 

by inhomogeneities in the crust causing 

the seismic energy to be reflected many 

times. Lower-frequency marsquakes look 

more like the classic tectonic quakes we 

might record on Earth. They are thought 

to originate in the upper mantle and it is 

these events that are used to determine 

the internal structure of the planet

Building a planet
Planets grow, or accrete, early in the life 

of a solar system. However, accretion 

is only one step in the planet-building 

process. Planetary interiors are not a 

uniform mix of their initial ingredients; 

they also undergo differentiation 

whereby lighter minerals ‘float’ towards 

the surface, whilst heavier components 

like iron sink towards the planet’s centre. 

We expect that rocky planets like Mars 

should have an iron-rich core, a silicate 

mantle and an outermost crust, but, until 

now, the extent of each of these layers 

within Mars was unknown.

Various existing models, constrained 

by seismic, geodynamic, geophysical and 

mineral physics data (such as density, 

moment of inertia, phase equilibria and 

thermochemical parameters), offer a 

range of predictions for the internal 

structure and composition of Mars. 

In these models, varying the size and 

density of the core influences the 

composition of the mantle. The data 

from InSight allow us to test these 

models and thus more accurately 

determine the core size and density, as 

well as the mantle composition for the 

first time.

Finding the core
Although the presence of Earth’s core 

was predicted in the 1770s from the 

Schiehallion experiment (Maskelyne, 

1775), it wasn’t actually detected until 

the early 1900s when a seismic shadow 

zone was observed in the seismic signals 

Figure 1: InSight’s first full selfie on Mars displays the lander’s solar panels and deck. On top of the deck are its science instruments, weather sensor booms and  
ultra-high-frequency antenna. With the solar panels deployed, InSight has a length or ‘wingspan’ of ~6 m (Image credit: NASA/JPL-Caltech)

PLANETARY  
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from large earthquakes travelling through 

the planet (Oldham, 1906). On Mars, we 

have not detected any large quakes from 

the far side of the planet. Instead, we rely 

on shear waves that are reflected at the 

boundary between the core and mantle 

(the seismic phase ScS) to measure 

the Martian core. Of the hundreds of 

marsquakes detected so far, only six 

provide clearly identifiable ScS phases 

suitable for estimating the core radius.

By analysing the ScS phases (together 

with other direct and reflected seismic 

phases), the radius of Mars’ core was 

constrained to be 1,830 ± 40 km (Stähler 

et al., 2021; Fig. 4). This is huge! It sits at 

the upper end of pre-mission estimates 

and means that the core occupies 

just over half of the planet’s radius. 

A comparison of the amplitude of the 

ScS phase to that of directly detected 

seismic phases also confirmed that the 

core is liquid.

Mars’ large metallic core, combined 

with estimates of the core density, 

requires a large proportion of lighter 

elements to be alloyed with iron inside 

the Martian core. It is tricky to pin down 

the exact composition of the core, but 

the best interpretation points towards 

an iron-nickel core with 10 – 15 wt% 

sulphur, <5 wt% oxygen and <1 wt% 

hydrogen and carbon. The bounds 

on oxygen, hydrogen and carbon are 

upper limits, but demonstrate the need 

for more light elements to balance 

the core size and density with the bulk 

composition of Mars.

Mineral physics experiments show  

that liquid iron alloys containing this 

much sulphur are unlikely to solidify 

at the pressures and temperatures we 

expect at the centre of Mars’ core, so 

it is unlikely that the red planet has an 

inner core. The lack of an inner core 

may help to explain why there is no 

planet-wide magnetic field on Mars 

today, unlike on Earth.

The mantle
Eight of the marsquakes recorded show 

seismic phases that have been reflected 

from the surface, as well as direct P and 

S phases. These phases travel through 

different regions of the mantle and allow 

us to test models of the upper mantle 

structure. The results suggest that Mars 

has a thermal lithosphere that is 400 to 

600 km thick (Khan et al., 2021). This is 

twice the thickness of Earth’s lithosphere. 

Models of the Martian mantle also show 

that the velocity of shear seismic waves 

increases at around 1,050 km depth, in 

line with previous work that suggested 

Figure 2: InSight placed its seismometer onto the Martian surface on 19 December 2018, marking  
the first time a spacecraft has robotically placed a seismometer onto the surface of another planet.  
(Image credit: NASA/JPL-Caltech)

2

Though Mars has 
no tectonic plates, 
the first marsquakes 
were detected within 
months of InSight 
landing
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a potential mantle transition zone within 

Mars. This is similar to the 410 km 

discontinuity seen on Earth, where 

olivine transforms into wadsleyite. 

If the core-mantle boundary is located 

at a depth of 1,520 to 1,600 km within 

Mars, the pressure here will be about 

18 – 19 GPa and the temperature around 

1900 – 2000 K. These conditions are 

not favourable for the stabilisation 

of bridgmanite — the mineral that 

comprises most of Earth’s lower mantle. 

So, effectively, Mars’ lower mantle is 

mineralogically comparable to Earth’s 

mantle transition zone and not the 

dense, thermally insulating lower mantle 

that we see on Earth.

It is likely therefore that Mars’ core 

lost a lot of heat early in its history and 

had a thermally driven dynamo that 

would have caused the remnant crustal 

magnetisation currently observed 

on Mars. Local to InSight the crustal 

magnetic field has been measured to be 

twice as strong as that observed from 

orbit (Johnson et al., 2020), suggesting 

that at some stage in its evolution Mars 

had a magnetic field as strong as Earth’s 

present-day field.

The crust
Whatever lies beneath, the crust of 

Mars is proving somewhat enigmatic. 

Receiver-function analysis combined 

with analysis of the ambient noise field 

was used to determine the crustal 

structure beneath InSight (Knapmeyer-

Endrun et al., 2021). However, initial 

results point to two different possible 

solutions: either a two-layer crustal 

model with a total thickness of 20 ± 5 km 

or a three-layer model with a thickness 

of 39 ± 8 km. Extrapolating from this 

using global gravity and topography 

maps gives an average Martian crustal 

thickness between 24 and 72 km, which 

rules out some previous models that 

suggested an average crustal thickness 

of up to 100 km. 

Towards a unified model
Combining the core, mantle and crustal 

models still leaves some uncertainty as to 

the exact composition of Mars’ interior. 

For example, if the crust is thin, it must 

not only be less dense than previously 

thought, but must also be enriched in 

heat-producing elements (by about 21 

times more than the primitive mantle). 

If the crust is thick, on the other hand, it 

would have to be about 13 times more 

enriched in heat-producing elements and 

would then have a density that is more 

in line with surface observations. Both 

models would fit with a surface heat flux 

between 20 and 25 mWm-2 (as previously 

predicted by Wänke & Dreibus, 1994) 

and both would support the possibility of 

present-day melting that is only occurring 

beneath the Tharsis volcanic province and 

not more widely across the planet. 

Other mantle models (Khan et al, 2021) 

suggest a heat flux of between 14 and 29 

mWm-2 and crustal enrichment of heat-

producing elements by a factor of 13 to 

20, which is compatible with predictions 

from either crustal thickness, thick or thin.

The future
There is much more that can be done with 

the seismic and other geophysical data 

from InSight. For example, the Rotation 

and Interior Structure Experiment (RISE) 

aboard the lander is recording the exact 

location of InSight in space as Mars orbits, 

tracking not only the orbital path, but 

also the precession or ‘wobble’ of Mars. 

Knowing precisely how much Mars’ North 

Pole ‘wobbles’ will further help us to 

constrain the size, state and composition of 

Mars’ core.

InSight is currently nearly halfway 

through its second Martian year of 

operations; the mission, originally funded 

for one Martian year, was extended in 

January 2021 for a second Martian year. 

Since the publication of these results earlier 

this year, more marsquakes have been 

Figure 3: Marsquakes are recorded as seismograms. Variations in the frequency, amplitude, and onset (emergent 
compared to sharp) of the signals reflect complexities in the seismic source regions and travel paths for the 
seismic waves that allow geophysicists to make inferences about the structure and character of the planet. This 
seismogram was recorded on 25 July 2019, the 235th Martian day, or sol, of InSight’s mission and shows an 
event with a sharp onset, originating in the upper mantle. (Image credit: NASA/JPL-Caltech)

PLANETARY  
SCIENCE
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We expect that 
rocky planets like 
Mars should have 
an iron-rich core, a 
silicate mantle and an 
outermost crust, but, 
until now, the extent 
of each of these 
layers within Mars 
was unknown
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detected, and their seismic signals contain 

further potential refl ected and converted 

phases. These data will be integrated 

into the existing inversion workfl ows to 

improve or verify the interpretations of the 

internal structure.

Despite the caveats and complexities of 

the modelling systematics, the results from 

InSight are a great leap forward in planetary 

science. Never before have we truly looked 

inside another planet and here, with one 

Figure 4: Illustration of the interior structure of Mars. The mostly iron-nickel molten core has a radius of ~1,830 km, which is just over half the planet’s radius (3,389.5 km). 
Mars’ lower mantle is mineralogically comparable to Earth’s mantle transition zone, while the thermal lithosphere is 400 to 600 km thick – twice the thickness of Earth’s 
lithosphere. The crust has an average thickness of 24 to 72 km (HPEs, heat-producing elements)

seismometer, we have placed bounds 

on the structure of Mars from direct 

measurements. In the future, seismometers 

will be deployed on the far side of the 

Moon as part of the Artemis mission 

and Dragonfl y will place a seismometer 

on Titan in the mid-2030s. All of these 

experiments will help us understand more 

about how planets form and evolve; seeing 

deep into Mars is one piece of a solar 

system-sized puzzle. 
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Spacescapes:  
postcards from  

our solar system
Let us take you on a journey through our solar system, 

stopping off to visit geysers on Enceladus, the Perseverance 
Rover on Mars and impact craters on the Moon

Dramatic plumes spray 
water, water vapour and 
ice near the south pole of 
Saturn’s moon Enceladus 
(Image credit: NASA / 
JPL-Caltech / SSI / Cassini 
Imaging Team / Jason Major)
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Home or away?
The Perseverance Rover (Fig. 1), NASA’s 

latest mission to Mars, landed in Jezero 

Crater on 18 February 2021. Nicknamed 

‘Percy’, the rover aims to study the geology 

of Mars and to hunt for evidence of past 

life on the red planet. Percy can take 

photos and videos, measure the chemical 

composition of rocks, and drill into the 

T
H R O U G H O U T  the history 

of space exploration, we 

have sent missions and 

probes to a staggering 

eight planets in our solar 

system, as well as to the asteroid belt and 

other celestial bodies. Today, automated 

rovers on Mars have ushered in an exciting 

new era for space exploration. The ability 

to collect and analyse Martian air and soil 

samples remotely from Earth, or on Earth 

in the future, once samples are returned, 

is the true frontier of space science, and in 

September 2021, the Perseverance Rover 

successfully collected the first sample of 

Martian rock from Jezero Crater. These 

ground-breaking missions help us observe 

and understand processes on distant 

planets like never before. 

This summer, the Geological Society 

held a free, outdoor, public exhibition in 

the Burlington House Courtyard as part 

of our 2021 Year of Space. The exhibition 

featured incredible, high-definition 

images of the landscapes and geological 

features seen around our solar system, and 

explored the ways in which understanding 

Earth can help us uncover the history of 

planetary bodies across our solar system 

and beyond. For those who were unable 

to visit the exhibition, or those who simply 

want a reminder of the stunning imagery, 

here we provide a small snapshot of 

Spacescapes: Postcards from our solar 

system. View the full exhibition at  

www.spacescapes.geolsoc.org.uk 

Secret seas
It is thought that Saturn is orbited by 

around 82 moons, but its diminutive moon 

Enceladus exhibits some of the most 

fascinating features in the solar system. 

Fast jets of gas, water vapour and ice 

stream out from Enceladus’s south pole 

(main image, p. 27), spraying debris into 

space where it forms Saturn’s outermost 

rings. It is hypothesised that these 

powerful eruptions originate from a hidden 

ocean lying beneath Enceladus’s icy crust. 

Scientists are interested in ocean worlds 

like Enceladus because of their potential to 

support microbial life. 

surface to collect samples of rock and 

soil. Future NASA and ESA missions plan to 

retrieve and return these to Earth. 

Martian missions have shown that the 

landscapes and features of the red planet 

are strikingly similar to those on Earth; 

among the most easily identifiable are sand 

dunes. These images from Earth and Mars 

(Fig. 2) are almost indistinguishable from 

Figure 1: NASA’s Perseverance Rover takes a ‘selfie’ with the Ingenuity helicopter on Mars in April 2021  
(Image credit: NASA/JPL-Caltech/MSSS)

Figure 2: (a) Frosty barchan dunes, Mars {HiRISE} (Image credit: NASA/JPL-Caltech/University of Arizona)  
(b) Crescent-shaped barchan dunes at Lagoa dos Barros, Brazil (Image credit: Expedition 52 Crew/ISS/NASA-JSC)

1
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one another, showing beautiful barchan and 

star-shaped dunes forming on both planets. 

A key di� erence is evident in the frosty 

edges of Mars’ dunes: on Mars, the dunes 

are found in areas where temperatures can 

plummet to -150 degrees Celsius.

Dunes form when grains of sand are 

blown around by winds. Subtle variations 

in the landscape allow grains to settle 

in sheltered zones away from the wind, 

creating small sand patches. These 

patches grow, trapping more sand until 

recognisable dune features are formed. 

Barchan dunes develop when the wind 

blows consistently in one direction, 

whereas star dunes form where the wind 

blows from multiple directions. 

Go with the fl ow
Water is vital to all life on Earth, making it 

an obvious starting point in the search for 

extra-terrestrial life. Geological landforms 

on Earth trace the history of ancient river 

systems (Fig. 3a), and these features are 

easily recognised on Mars’ surface. Jezero 

Crater, the landing site for the Perseverance 

Rover, contains the remains of an ancient 

Figure 3: (a) The Horton River Delta, Arctic Canada, forms a fan-shaped interruption to the otherwise straight coastline. (Image credit: NASA Earth Observatory image by 
Jesse Allen and Robert Simmon); (b) The fan-shaped remains of an ancient delta in Mars’ Jezero Crater – the landing site for NASA’s Perseverance Rover 
(Image credit: ESA/DLR/FU-Berlin)

Figure 4: (a) The complex crater system of Olympus Mons on Mars is 27 km high and 600 km in diameter, 
making it the largest known volcano in the solar system (Image credit: ESA/DLR/ FU Berlin, CC BY-SA IGO 3.0); 
(b) False colour image of Emi Koussi volcano in northern Chad taken by the Copernicus Sentinel-2B satellite 
(Image credit: ESA/Copernicus-Sentinel 2, CC BY-SA 3.0 IGO)

delta (Fig. 3b), suggesting traces of life 

could exist within its base.

Fiery forces
Long after volcanoes become extinct, the 

scars they leave on land reveal their fi ery 

past. These traces are remarkably similar 

across the solar system (Fig. 4). We see 

calderas lurking in the summits of ancient 

volcanoes where magma chambers have 

collapsed, and lava rivers winding their way 

across plains – like liquid fi re frozen in time.

Earth and Jupiter’s moon Io are the only 

places we know of in the solar system 

3a

4a

3b

4b

View the full 
exhibition 

online at www.
spacescapes.

geolsoc.org.uk
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The exhibition plans to go on tour. For updates, 
visit www.spacescapes.geolosoc.org.uk

that have active volcanoes. Volcanism on 

Earth follows a predictable pattern, forming 

chains where weaknesses in Earth’s crust 

allow magma to escape to the surface, or 

popping up where great magma plumes 

rise from the mantle. Earth is unique in this 

respect. Dark spots dotted across Io show a 

random distribution of volcanoes. Since its 

surface does not shift over time, like Earth’s, 

the volcanoes are able to reach enormous 

sizes as lava oozes out over the same spot 

for millions of years.

Incoming!
The marks of asteroid impacts such as 

craters (Fig. 5), ejecta, and crushed or 

intensely heated rocks litter the rocky 

bodies across our solar system. Compared 

to the Moon, planets like Earth and Venus 

have surprisingly few visible impact sites. 

This is partly because Earth and Venus’s 

thick atmospheres help to break up 

asteroids before they hit. On Earth, when 

asteroids strike, the impact structures are 

broken down over time by wind, water and 

other physical processes. 

Conversely, the Moon has no atmosphere 

and no fl owing water to erase the marks of 

impact sites (Fig. 6), meaning they remain 

intact for billions of years. It therefore 

represents a geological archive of asteroid 

and comet activity in the solar system. 
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Figure 6: Hell Q, a relatively recent impact crater 
on the Moon (Image credit: NASA/GSFC/Arizona 
State University)

Figure 5: A relatively recent impact crater on Mars with a sharp rim (Image credit: NASA/JPL-Caltech/Univ. of Arizona)
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to London, your eye will 

likely have been drawn 

to the white fossiliferous 

limestone used to clad 

many of the capital’s buildings. Portland 

Stone, a Jurassic limestone historically 

(and still) quarried from the Isle of Portland 

in Dorset, UK, faces St Paul’s Cathedral, 

the British Museum, Buckingham Palace, 

much of Trafalgar Square, Oxford Street, 

Regent Street, Government offices and 

memorials along Whitehall, as well as 

Burlington House (amongst others, see 

Hackman, 2014). It has become a famous 

building stone used across Britain and 

around the world. 

In 2013, Portland Stone was selected 

by a subgroup of the International 

Union of Geological Sciences (IUGS) as 

the first ‘Global Heritage Stone Resource’ 

(GHSR) – a stone linked to cultural 

heritage and societal relevance. There 

are now many GHSRs that tie strongly 

to specific areas, communities, buildings 

or applications.

The status of Portland Stone as a GHSR 

is supported by its use by architect Sir 

Christopher Wren [1632 – 1723], as well 

as in projects such as the Commonwealth 

War Graves, which, it is argued, link the 

stone – albeit in an undefined way – with 

British national identity. Its selection makes 

sense in many ways: it is a beautiful, 

ornamental stone used to create some of 

Britain’s most stunning architecture, and 

unarguably has tremendous significance in 

the country’s built and natural heritage. 

However, that heritage is a selective one. 

We used analyses of Hansard – transcripts 

of Parliamentary debates held in Britain 

and many Commonwealth countries that 

Matthew Warke and Alice 
Butler-Warke explore the 
ways stone can become 
imbued with symbolic 
notions of power, identity 
and heritage, using Portland 
Stone as an example

St Paul’s Cathedral 
is one of many of 
London’s buildings 
that are clad in 
Portland Stone

The symbolic 
power of stone
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date back over 200 years – to 

explore the history and politics 

of Portland Stone (Butler-Warke, 

A. & Warke, M., 2021). We found 

that for some, the sense of Britishness 

that the stone was originally meant to 

symbolise is intertwined with exclusionary 

notions of class and empire, and a 

selective vision of the past. Portland Stone 

does not represent the lives, experiences, 

or histories of many who have lived 

alongside it. 

Symbolising Britain
King James VI of Scotland ascended the 

throne of England as James I in 1603.

With the objective of uniting a new rapidly 

expanding Protestant empire, James 

sought to establish a new sense of ‘British’ 

identity. The task of fulfi lling this vision fell 

in large part to architects, and particularly 

to James’ surveyor Inigo Jones [1573 – 

1652] and his successor, Wren. They aimed 

to create in London a ‘glorious Temple’ to 

rival that of Rome albeit a vision whose 

progress was interrupted by the Civil 

War. Pamphlets and artworks of the time 

suggest that this new Protestant temple 

should be built from a domestic (and 

therefore ‘Protestant’) stone sourced from 

Britain, as opposed to material sourced 

from predominantly Catholic continental 

Europe. The temple in question was 

St Paul’s Cathedral and Portland Stone was 

the ideal material – it was sourced from 

southern England, could be obtained from 

common and Crown lands, and could 

be transported by sea, directly from the 

quarries to London. 

London was not the only Imperial city 

in what was then the United Kingdom of 

Great Britain and Ireland whose centre was 

increasingly clad in Portland 

Stone – others included 

Manchester, Liverpool, and 

Belfast. In Dublin, however, the 

use of Portland Stone became a 

matter of contention.

Irish nationalist MPs in Westminster 

vehemently opposed the use of Portland 

Stone in Dublin at the expense of a 

native Irish equivalent, such as the 

Stradbally Limestone. However, as a 1907 

commission into the state of the Irish 

railways reveals, a lack of investment in 

Irish rail infrastructure was prevalent (Irish 

Times, 1907), which led to the farcical 

reality that it cost twice as much (11s 8d) 

to bring a tonne of Stradbally limestone to 

Dublin (a distance of 52 miles) than it did 

to import a tonne of Portland Stone (6s 6d) 

(Irish Times, 1907, p.7).

Additionally, Portland Stone was being 

extracted using prison labour, a growing 

number of whom were Irish political 

prisoners. From an Irish nationalist 

perspective, facing key governmental 

and administrative buildings in Ireland 

with a stone that held this symbolic 

sense of British identity was insulting. 

It also prevented any Irish material from 

becoming imbued with a similar sense of 

Irish national identity and symbolism.

Separation
Another theme in our research is the 

separation between those who labour 

to extract and dress the stone and 

the ‘public’ who get to enjoy it. Early 

19th Century Hansard entries describe the 

exploitation of quarry workers and their 

families on Portland by a truck wage system 

that paid labourers in overpriced goods 

(fl our, milk, butter, etc.), brought to the 

island by quarry owners, and not in cash.

Portland Stone is frequently referred 

to as only being suitable for the nation’s 

“great buildings... universities, schools, 

municipal buildings, o�  ce blocks, stores, 

banks and hotels” (HC Deb, 1965) and not 

for conventional purposes. For example, in 

1957 one MP decried the expense of facing 

a power station in Yorkshire with Portland 

Stone because it “is never seen by anybody 

except the people who work there”.

Heritage and stone
As geoscientists, we often want to focus on 

the apolitical elements of rocks: their intrinsic 

evidence for the history of life and the 

development of our planet. But, rocks also 

play a role in our everyday lives and in the 

understanding of our own histories. GHSRs 

refl ect this; they attempt to raise the profi le 

of geoscience and highlight our society’s 

long-standing links with, and ongoing 

dependence upon, Earth’s resources.

However, to claim that a stone links 

to something as contentious as a sense 

of national heritage and identity, we 

must attempt to critically consider the 

whole story, and acknowledge that not 

everyone has the same view of what 

‘Britishness’ means, or what aspects 

of our history we should celebrate. To 

human geographers, sociologists, and 

historians (amongst others), identity and 

heritage are complex, multi-layered 

concepts, and it would be worthwhile 

asking such groups to lend their 

expertise to discussions of the heritage 

value of stones. 

The full version 
of this article 
is available at 
Geoscientist.

Online
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Lapworth, an elusive figure who helped 
revolutionise our understanding of early Earth
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Moffat Water in the 
Scottish Borders, UK 

Charles Lapworth  
[1842 – 1920] circa late 

1880s. (Image credit: 
The Lapworth Museum, 

University of Birmingham)

DISCOVERING  
THE  
ORDOVICIAN

H I S TO RY  |  CH A R L E S  L A P WO R T H

I 
ARRIVED IN THE small town of 

Galashiels in the Scottish borders on 

a late autumn afternoon, as the sun 

dipped behind the surrounding hills 

and a chill spread over the empty 

high street. This was once a hard-working 

factory town where the soft waters of 

the River Gala washed the wool and 

powered the looms of a thriving textile 

industry. But, in the 1980s, one factory 

after another fell victim to cheap imports, 

ripping the heart out of the community 

and leaving an air of faded glory. 

I had come to trace the fieldwork of 

one of the most important geologists of 

the 19th Century. For 11 years, Charles 

Lapworth lived in Galashiels, during 

which time he astonished Britain’s 

scientific community and rewrote our 

understanding of the early history 

of Earth. A handsome 16th Century 

‘gentleman’s residence’, now home to a 

small museum devoted to local history, 

seemed a good place to ‘meet’ him, but 

to my surprise, Lapworth doesn’t get a 

mention. It would become a reoccurring 

theme: for somebody now regarded 

as one of Britain’s most significant 

geologists, Lapworth is a remarkably 

under-recognised figure. 

The Greywacke 
Lapworth was in his twenties when he 

arrived in Galashiels in the early 1860s 

as a school teacher. He was bright and 

curious about the natural world and, as 

he explored the rounded hills that ring the 

town, he struck up friendships with local 

geologists who were surveying the region 

and discussing the great debates swirling 

through the geological community. One 

dominated their conversation: the so-called 

Cambrian–Silurian controversy.  

An acrimonious dispute 

between two of  

the country’s 
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leading geologists – Adam Sedgwick 

and Roderick Murchison – had split the 

scientifi c world and brought geological 

investigation in Britain to a virtual standstill.

The problem centred on how to make 

sense of the ancient strata that lay across 

Scotland, Wales and upland areas like the 

Lake District: a chaotic jumble of rocks 

lumped together in a holdall category 

known as the Greywacke – an Anglicisation 

of a German mining term ‘Grauwacke’, 

meaning grey, earthy, muddy rock. 

Sedgwick, a brilliant but erratic Cambridge 

University professor, had devoted 30 years 

to exploring the hills of north Wales and 

the Lake District and, despite the tangle 

of slates, sandstones and volcanic lavas 

that run across the region, had identifi ed 

an apparently coherant sequence of strata 

that appeared to date back to the earliest 

origins of Earth. He called it the Cambrian 

after the Roman word for Wales. 

Meanwhile Murchison, an ambitious 

and wealthy retired soldier and self-taught 

geologist, had toured the sandstone and 

limestone hills of southern Wales and the 

Welsh border country and identifi ed a 

slightly younger sequence of strata that 

seemed to lie immediately above the 

Cambrian. He called them the Silurian 

after a Celtic tribe that once lived on the 

Welsh borders.

There was only one problem. The two 

men couldn’t agree on where to draw the 

boundary between their two systems: where 

did the Cambrian fi nish and the Silurian 

begin? The dispute turned into a bitter and 

personal rivalry, each man claiming the 

lion’s share of the Greywacke for his own. 

Sedgwick accused Murchison of falsehood; 

Murchison suggested Sedgwick was growing 

senile. The geological community divided and 

took sides. By the mid 1850s, the two men 

were no longer talking to each other and the 

Geological Society banned further discussion 

of the topic as simply too explosive. 

Lapworth was intrigued: could the solution 

to the most public controversy in British 

science lie somewhere beneath his feet? 

As I toured the Galashiel hills, autumn 

was advancing and the trees were turning 

red and gold. Millions of years of erosion 

have smoothed and rounded the contours, 

and there are few natural outcrops of bare 

rock. But, just o�  the sinewy Galashiels-to-

Mo� att road, as it descends to the valley 

of the Mo� at Water through stands of 

mountain ash scarlet with berries, there’s a 

remote shepherd’s cottage at a place called 

Birkhill. Immediately to the north, across a 

gently descending slope of purple heather, 

there’s a gash in the hills where the upper 

waters of the Mo� at have cut deep into 

the rock, exposing the underlying strata. 

It’s known as Dob’s Linn: one of the few 

extensive sections of naturally exposed 

rock in southern Scotland. 

Here in the 1870s, against all the 

odds, Lapworth, together with his 

friend James Wilson, a local journalist, 

uncovered an entirely new geological 

period – and in doing so solved the 

Cambrian–Silurian controversy.

Emerging simplicity 
The rocks of the Scottish borders are not 

easy to read. Bands of paper thin strata, 

dip, dive and splinter, making it almost 

impossible to determine the relationship 

between them. Lapworth despaired: any 

attempt ‘to ascertain their interrelationship 

by lithological and stratigraphical evidence 

has soon to be abandoned as hopeless’, he 

complained despondently in 1871.

There was also an almost complete 

absence of the well-established fossil 

species – trilobites, crinoids and 

Dozens of narrow bands of 
strata appear to dive vertically 
into the ground at Dob’s Linn

(Image credit: © Nick Davidson)

The dispute turned 
into a bitter rivalry, 
each man claiming 
the lion’s share of 
the Greywacke 
for his own

brachiopods – commonly used to identify 

and distinguish Greywacke strata. As a result, 

Lapworth was forced to use the little-

understood family of plankton-like creatures 

known as graptolites: creatures that bear a 

striking resemblance to grafi tti scratched 

in the rock, hence their name; graptos, 

from the Greek for ‘written’ and lithos, 

meaning ‘rock’. They appear as a random 

collection of tiny spirals, miniature curved 

saw blades and serrated fi sh hooks about 

the size and thickness of a fi nger nail. Some 

geologists doubted they were fossils at all. 

Methodically, week after week, Lapworth 

and Wilson scrambled their way up one 

side of Dob’s Linn and down the other, 

crawling over razer sharp bands of shale and 
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mudstone on their hands and knees, digging 

out the tiny graptolite remains. 

To make the task easier, Lapworth devised, 

with the help of his wife Janet, what he 

called his ‘geological waist coat’, a jerkin with 

a series of pockets down each front panel 

into which he carefully put his often minute 

and delicate specimens. After a day’s work, 

back at their camp in the cottage at Birkhill, 

over a sparten diet of mostly porridge, 

Lapworth, Wilson, and probably Janet, 

unpacked and identifi ed the specimens, 

recording on large-scale, hand-drawn, 

maps of the gorge the exact location 

where each graptolite had been found. 

It must have seemed, at times, a hopeless 

task. One summer gave way to another, for 

six successive years. But, gradually a barely 

discernible pattern began to emerge: 

each bed of strata could be broken down 

into exactly the same three sub-divisions, 

each identifi ed by its unique combination 

of graptolites. A top band of mudstone, 

siltstone and black shale, Lapworth called 

the Birkhill Shale; a middle band of grey 

and black cherty shales he called the 

Hartfell Shale; and a bottom band of black 

cherty shale he called the Glenkiln Shale. 

Lapworth named it the Mo� at Series 

after the local river. It was immediately 

apparent that rather than being composed 

of hundreds of di� erent strata, the region’s 

geology was instead composed of one 

single stratum, bent and doubled over time 

and again. An apparently complex structure 

was actually quite simple.

Equally importantly, Lapworth found 

that the Birkhill Shale contained an entirely 

di� erent range of graptolites to those in 

the Lower Hartfell and Glenkiln Shales. Not 

a single family of these strange creatures 

crossed the boundary – there was a 

complete break in the fossil record. 

Geological revolution
The wider geological community was 

intrigued. This was a remarkable piece 

of fi eld work from an almost unknown 

provincial geologist. But it was Lapworth’s 

next move that stunned geologists across 

the world. In 1879, in the words of friend and 

colleague, William Watts, he ‘tactfully and 

modestly’ stepped into the dispute between 

Sedgwick and Murchison, lining up his three 

graptolite zones with the disputed boundary 

between the Cambrian and Silurian 

Systems. The result was a bombshell.

Murchison had divided his Silurian rocks 

into two major sub-groups: an Upper and 

Lower Silurian. He argued each contained a 

slightly di� erent fossil record, but that they 

shared enough in common to be regarded 

as a single, coherant, geological period. 

Below them, with an entirely di� erent fossil 

record, lay Sedgwick’s Cambrian rocks. 

Lapworth, revisiting Murchison’s division 

with new eyes, arrived at a startlingly 

di� erent conclusion. His top graptolite 

zone of Birkhill Shale neatly matched 

Murchison’s Upper Silurian rocks: his second 

two graptolite zones, the Hartfell and 

Glenkiln Shales, were clearly similar to the 

Lower Silurian strata. But, according to the 

graptolite evidence, there was a break in the 

fossil record between the upper and lower 

Silurian sequences, a break so fundamental 

that it could only have occurred if there 

had been a major change in environmental 

conditions on Earth. Furthermore, there was 

an equally dramatic break in the fossil record 

between the Hartfell and Glenkiln Shales, 

and Sedgwick’s Cambrian rocks below. 

The implications were profound. Not 

only was this a signifi cant challenge to the 

coherance of Murchison’s Silurian System, 

but if the Hertfell and Glenkiln Shales shared 

a unique fossil fauna that was entirely 

di� erent from the rocks above and below 

them, then they logically represented an 

entirely new and discrete geological period 

that nobody had noticed until now. 

Lapworth’s data called for a major revision 

of the established understanding of Earth’s 

early rocks and fi nally explained why 

Sedgwick and Murchison had been unable 

to resolve the boundary between their two 

systems. They had completely missed a 

third geological period that lay between 

them. It was a geological revolution.

Lapworth called this new period the 

Ordovician after the last Roman-British 

tribe to inhabit northwest Wales. Many of 

the geological establishment, however, 

found it impossible to accept and it would 

take another 20 years before the British 

Geological Survey could be persuaded to 

recognise the Ordovician as a legitimate 

geological period and a further 60 before 

it was acknowledged by the International 

Commission on Stratigraphy.

Understated acknowledgement
Today, the Ordovician is accepted as a 

discrete period of some 52 million years 

of Earth’s history during which there was 

an important increase in marine species, 

before 85% of them were wiped out in 

what was probably a major glaciation at the 

beginning of the Silurian.

And in recognition of Lapworth’s 

achievement, a plaque on the wall of the 

cottage at Birkhill announces: ‘Birkhill Cottage 

where between 1872 and 1877 Charles 

Lapworth recognised the value of graptolites 

as a clue to the Geological Structure of 

these hills’. Charles Lapworth may have been 

forgotten in Galashiels, but his memory lives 

on in the vast expanse of the Border hills. 

Sources
Hamilton, B. (2001) Classic Paper in the History of 
Geology. Charles Lapworth’s The Mo� at Series, 
1878. Episodes, 24 (3) 194-200. September 2001
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His most recent book, The 
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page 53. 

Graptolite fossils on basinal black shale (26 x 25 mm) 
of middle Ordovician age, from Dob’s Linn, Scotland 
(Image credit: James St. John)
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A
T 1 AM on Christmas 

morning 1839, a labourer 

named Critchard found that 

the path below his cottage 

on the Dorset coastline cli� s 

had begun to sink, and at 4 am he heard 

‘a wonderful crack’. On Christmas night, 

massive fi ssures opened up along the cli�  

tops and huge blocks of land at Bindon, 

near Axmouth, along the Dorset-East 

Devonshire border, slid towards the sea. 

The deafening crashing of falling rocks 

was accompanied by ‘fl ashes of fi re and 

a strong smell of sulphur’. In all, around 

50 acres of the coastline were a� ected, 

including a large section of tenant farmer 

James Chappell’s fi elds.

This truly exciting geological event 

– examined soon afterwards by the 

Reverend William Daniel Conybeare 

[1787 – 1857], geologist and vicar of 

Axminster, as well as the Reverend 

Dr William Buckland [1784 – 1856], 

geologist and Reader in Mineralogy at 

Oxford University – not only added much 

to the understanding of how landslides 

occur, but also greatly enriched farmer 

Chappell’s profi ts.  

Cashing in on 
Christmas
Nina Morgan reveals how to profit from publicity

HISTORY

N I N A  M O R G A N
Nina Morgan is a geologist 
and science writer based 
near Oxford. 

gravestonegeology.uk

Publicity in action
Word of the landslip spread quickly 

through local inns and taverns, and the 

press was soon on the scene. In a little 

more than a week, the landslip had 

become the 19th century equivalent 

of nationwide news. In the best 

entrepreneurial tradition, Chappell quickly 

took advantage of the press coverage to 

establish his farm as a tourist destination. 

The profi ts must have been beyond 

his wildest dreams. As the Lyme Regis 

antiquarian George Roberts reported in his 

1840 publication, Account of and Guide 

to the Landslip, “Thousands on foot and 

in vehicles hastened to the spot…” This, 

in spite of the fact that in 1839, travelling 

from London to the landslip site at Bindon 

would have cost a labourer two or three 

weeks’ wages and taken a whole day by 

the fastest coach. Once there, visitors were 

charged an admission fee of sixpence 

to enter the general area, and a further 

sixpence to enter Bindon Farm itself. 

Undeterred by the expense, the tourists 

kept coming. A ‘Grand Holyday [sic] at 

the Land-Slip’ harvest event organised by 

Chappell on 25 August 1840 drew such 

enormous crowds that, as Roberts reported, 

“hundreds could not procure refreshment”.  

Interest in the landslip lasted well into the 

20th century. In 1903, the railway between 

Axminster and Lyme Regis opened a station 

at Combpyne, where the platform sign 

announced ‘Combpyne for the Landslip’. 

Cashing in
These days farmers have to diversify to 

survive and some have taken a leaf out of 

Chappell’s entrepreneurial book. To boost 

their incomes, many set up campsites, 

farm shops, cafés and wedding venues.  

Some o� er farm tours and outdoor 

activities. Others host seasonal festivities, 

such as Christmas fairs. By taking 

advantage of modern media opportunities, 

such as television and social media, these 

o� erings can attract huge numbers of 

tourists from hundreds of miles away.  

But, try as they might, none can better 

Chappell’s unique selling point – the 

opportunity to see some great geology! 

A happy holiday season to all. 

Sources
• Arber, M. (1940) The coastal landslips of south-east 
Devon. Proc. Geol. Assoc. 51, 257-71.
• Gordon, E.O. (1894) The Life and 
Correspondence of William Buckland, 
D.D. F.R.S. John Murray, London.
• Lincoln, P. (2021) Ten Views of a Landslip. 
© Peter Lincoln & Lyme Regis Museum, 40 pp.

View of the Axmouth Landslip from Dowlands, looking Westward upon the Undercli�  and New Beach raised from the bottom of 
the sea on 25 December 1839. Drawn on the spot by Mary Buckland, 30 December 1839, lithographed by George Scharf. 
Reproduced with permission from the Geological Society Library collection (image reference 27-25).
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The Moon 
revisited
With the renewed interest in 
the Moon, Katie Joy, Marissa 
Lo and Samantha Bell from 
the University of Manchester 
discuss the importance of our 
closest celestial neighbour, 
from both an exploration and 
scientific perspective

“

T
H E  B R I G H T E S T  A N D

biggest object in our night sky, 

the Moon is the only other 

place in the solar system that 

humans have set foot – so far. 

It’s been nearly 50 years since NASA’s Apollo 

missions when humankind last walked on the 

Moon, but with the commencement of the 

Artemis programme, people are set to return 

within the decade.

Artemis
Katie Joy, a Professor in Earth Sciences 

and an expert on lunar samples, explains 

some of the background to the mission. 

“This human exploration programme is 

being developed by the US space agency 

NASA and its international partners, and is 

named after the sister of Apollo in Greek 

mythology – a nice nod to the Apollo 

missions of the 1960s and 1970s. 

“The plan is to develop new rocketry 

capability to deliver large-mass payloads 

and humans to the lunar surface, explore 

specifi c landing site areas, and deploy 

scientifi c payloads, such as seismic 

networks, thermal heat probes, Earth 

climate observation equipment and 

astronomy experiments. The mission 

scenarios being developed will be more 

sophisticated, with more people – 

importantly including more diverse crews 

– visiting the surface per mission, and to 

stay longer on the surface than Apollo. 

Above: The Artemis 
programme will see 
humans returning to 
the surface of the Moon
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“The goal for the first Artemis surface 

mission is 2024, although that is looking a 

bit optimistic because several steps need 

to occur first to test the heavy launch 

rocket and the Earth-Moon transfer 

vehicle. The missions will work towards 

establishing a base camp habitat, allowing 

for longer surface stays, in an outpost 

similar to the types of research bases 

people visit in Antarctica. Knowledge 

of how to use the resources found on 

the Moon will be used to work towards 

sending humans to Mars and other 

destinations (such as the moons of Mars 

and asteroids) in the next decade.”

Beyond the Moon
While a key aim of Artemis is to learn how 

to live on another world and to use the 

Moon as a stepping stone to more distal 

parts of the solar system, Earth’s only 

natural satellite has scientific significance 

well beyond its use as a convenient 

launch pad. Marissa Lo, a PhD student 

researching lunar volcanism, emphasises 

that lessons learnt from the Moon provide 

insights for Earth and other bodies in the 

solar system.

“From a space travel perspective, 

going back to the Moon and developing 

infrastructure there is important for 

facilitating efficient future space missions 

to bodies further afield. From a scientific 

research perspective, there’s still so 

much to learn and understand about the 

Moon. The Moon is a key component 

in many different theories and models 

for how Earth formed, so understanding 

the origin and history of the Moon aids 

our understanding of Earth formation. 

The lessons learnt from the Earth-Moon 

system are also applicable to other rocky 

bodies in our solar system and possibly 

other exoplanetary systems as well.

“Unlike Earth, where tectonic plates 

are destroyed and recycled, the Moon is 

not tectonically active, so there’s a much 

longer geological history to investigate. 

The Moon is like a record of different 

events that have happened in our solar 

system, the most obvious example of this 

is impacts, the evidence for which we can 

see as craters across the lunar surface.”

Lunar samples
Katie suggests that each Artemis landing 

will hopefully return 100 kg or more 

of lunar rock, which will expand our 

knowledge of the Moon’s geological 

diversity from landing sites we haven’t 

been to before. But, while we await 

acquisition of these samples, there 

Apollo 17 astronaut and geologist 
Harrison Schmitt collects a sample 
from the Moon in December 1972
(Image credit: NASA/ALSJ)

The mission 
scenarios will be more 
sophisticated, with 
more people visiting 
and staying longer 
on the surface

is still plenty to glean from existing 

lunar samples.

Sam Bell, who has just completed her PhD 

studying the lunar mare basalts, notes that 

prior to the Apollo missions, interpretations 

of the geology of the Moon were limited to 

what we could observe remotely. It was the 

return and analysis of the Apollo samples 

(about 382 kg in total), as well as Russia’s 

uncrewed Luna missions in the 1970s, 

which collectively returned about 326 g of 

lunar soil from regions not visited by the 

Apollo missions, that helped to address 

a range of important scientific questions, 

from what the Moon was made of, to how it 

formed, and when it was volcanically active.

“One of the major benefits of sample 

return was that for the first time we could 

date lunar samples collected from known 

locations on the surface. From this we could 

work out how old different craters are on the 

Moon and the rate of cratering in the inner 

solar system through time. This allowed us to 

estimate the surface age of other bodies in 
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the solar system, such as Mars and Mercury, 

based on the number of craters present.”

At the end of 2020, China’s Chang’e 

5 mission visited a new location on the 

Moon, returning fresh samples to Earth, as 

Katie explains.

“China recently returned a robotic lander 

from the nearside of the Moon, bringing 

with it 1.7 kg of new lunar soil for scientists 

to study. Lunar sample return hasn’t been 

done since the 1970s. It’s hugely exciting! 

The first investigations are currently being 

published in the scientific literature, so I 

can’t say too much about what we have 

found, but it is going to change our ideas 

about the Moon’s volcanic and thermal 

history. Watch this space.”

In late 2021 or 2022, the Chang’e 6 

mission aims to return rocks from the 

Moon’s farside, which Katie suggests 

has the potential to provide radical 

new insights. 

“These rocks will be the first to be 

collected from a known geological locality 

on the farside and have the potential to 

throw all of our current ideas about why 

the near and farside of the Moon are so 

different up in the air. In fact I hope they 

do; I would love to see lunar geology get a 

big shake up in its ideas.”

Lunar meteorites
Space missions are not our only 

source of Moon rock; Katie explains 

that lunar meteorites provide critical 

insights, too.

“Lunar meteorites are pieces of the 

Moon that are knocked off its surface 

when an asteroid or comet hits. Rocks 

ejected at speeds higher than the Moon’s 

escape velocity spray out into space. Some 

become attracted towards Earth’s gravity, 

landing on Earth’s surface, if they survive 

travel through the atmosphere. We find 

such meteorites in desert environments, 

although we need to analyse them in 

the laboratory to work out if they came 

from the Moon (that is, if they have a 

similar chemistry to the Apollo samples) 

or if they have come from another body, 

like an asteroid or Mars. Once we are 

sure we have a lunar sample, we can 

apply our geochemical, mineralogical, or 

isotopic analytical arsenal to investigate its 

geological history. 

“The really important reason lunar 

meteorites are so special is that they 

potentially sample a much wider range 

of places across the Moon than just 

those sampled by the Apollo, Luna and 

Chang’e missions. So, they give us a 

better understanding of the Moon’s global 

geological diversity and evolution than the 

sample return missions can by themselves. 

Of course the challenge is we don’t know 

exactly where the samples were launched 

from the Moon – another question we 

have to try and solve.”

Science and inspiration
Despite its proximity, we still know relatively 

little about the Moon. Katie suggests that 

we have barely scratched the surface when 

it comes to understanding the Moon’s 

surface geology, let alone investigating 

the interior in any meaningful way, while 

Marissa notes that there are many other 

interesting environments still to be 

explored, such as caves in lava tubes that 

could be suitable protective habitats for 

humans and the polar regions where there 

might be ice deposits. As Sam explains, 

the presence of volatiles and water on the 

Moon is an essential topic:

“Scientifically, water and other volatiles 

give us vital clues into the lunar interior 

Understanding the origin and history of the 
Moon aids our understanding of Earth formation. 
(Image credit: NASA/JSC)

I can’t say too much about what we have 
found, but it is going to change our ideas 
about the Moon’s volcanic and thermal 
history. Watch this space



U N E A R T H ED |  I N T ER V I E W

45GEOSCIENTIST.ONLINE  |  WINTER 2021

KATIE JOY
Professor Katie Joy is based 
in the Dept of Earth and 
Environmental Sciences at 
the University of Manchester. 
She works on a variety of 
projects using lunar samples 
and is helping to plan for 
future lunar robotic missions. 
One project aims to analyse 
lunar soil to better understand 
how the Moon’s surface has 
interacted with the surrounding 
space environment, including 
gases emitted from the Sun 
and impacting comets 
and asteroids.

@Katie_H_Joy

MARISSA LO
Marissa Lo is a PhD student 
researching lunar volcanism at 
the University of Manchester. 
She uses images of lunar 
volcanic deposits and models 
of magma ascent to compile a 
volatile history of the Moon, and 
has also worked on a mission 
proposal for the European Space 
Agency projects CAVES and 
PANGAEA that investigate the 
use of lunar lava tubes and caves 
for future human habitation.

@MarissaLoBot

SAMANTHA BELL
Dr Samantha Bell recently 
completed her PhD working 
on Apollo 15 mare basalts at 
the University of Manchester. 
She is now investigating the 
composition of Apollo 16 
samples and the use of a new 
automated technique to more 
rapidly determine the source of 
space samples. 

@sambell94 

and surface processes on the Moon, but 

they are also key resources that would be 

needed, for example, to create a permanent 

human base on the Moon. We need to 

understand where these resources are 

potentially located geographically, but 

also how they are stored within the rocks 

before we can consider their use to support 

human life.” 

Katie is often asked whether such 

exploration is worth it, given the number of 

challenges we face on Earth, such as health 

emergencies and climate change. 

“Human spacefl ight does cost a lot of 

money, but these resources are not simply 

sent to space – they are used to develop 

technology that is benefi cial for other 

sectors and to employ and skill up people 

back on Earth, meaning that the economic 

returns and human benefi ts far exceed 

the investment. The Artemis missions, for 

example, will include more countries than 

just the US, providing an opportunity for 

international cooperation and training of 

scientists globally. A key hurdle for the 

space agencies is how to make exploration 

sustainable. We must learn lessons on how 

we have explored and used resources on 

Earth, before carrying similar mistakes over 

to future ventures on the Moon and other 

planetary bodies.”

The next decade promises to revolutionise 

our understanding of our closest celestial 

neighbour, but as Katie says, human 

exploration isn’t purely about science.

“It’s an opportunity to excite and inspire 

people about the world and universe 

around us. It’s a great hook to get young 

people interested in science and technology 

subjects, and clued into the big challenges 

humanity faces.”

A comment from Sam sums it up: 

“It will be so exciting for our generation 

to experience an Apollo-like era of 

lunar exploration.” 

There are many 
environments still 
to be explored, 
such as caves that 
could be suitable 
protective habitats 
for humans 

We have barely scratched the surface of 
understanding the Moon’s geology
(Image credit: NASA/JSC)
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Planetary frontiers M
A R S  A N D  E A R T H 

were probably quite 

similar before going 

down different 

evolutionary paths. 

Peter Grindrod, from the Natural History 

Museum, London, notes that the 

divergence probably happened just before 

or at the same time as early life seems 

Ground-breaking missions to Mars have captured imaginations 
and headlines around the world. However, as Peter Grindrod 

discusses, Venus will soon move back into the spotlight

A global view of the surface of 
Venus created by mapping Magellan 

synthetic aperture radar mosaics onto 
a computer-simulated globe, with 

simulated colour (Image credit: NASA/
Jet Propulsion Laboratory-Caltech)
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to have begun on Earth, around 4 to 3.5 

billion years ago, making this a key period 

in Martian history for investigation.

“Somewhat paradoxically, Mars has a 

longer and cleaner stratigraphic record 

than Earth. The absence of plate tectonics 

means that the history of the planet has 

been better preserved, although it is much 

more difficult to explore, of course.

“The rover missions are essentially robot 

field geologists, and they are producing 

results that are staggering in their detail. 

From the 3D structure of lithified dunes, to 

fluvial sedimentary deposits, we are able 

to explore Mars (at least in small areas) in a 

similar way to how we do on Earth.”

Defining moment
NASA’s Perseverance Rover is currently 

exploring Jezero Crater. This landing site 

was chosen because rocks in this crater 

probably record a range of geological 

processes at a crucial point in the 

geological history of Mars. In September 

2021, the rover successfully collected 

its first sample of Martian rock from 

Jezero Crater.

“The plan is for Perseverance to keep 

on exploring the Jezero Crater region, 

collecting samples along the way. These 

samples will be picked up by a future 

Sample Fetch Rover and returned to 

Earth within the next decade for study 

in laboratories around the world. It is 

no understatement to say that these 

Mars rocks will be among the most 

important samples ever studied in 

planetary science, and will be examined 

for decades to come – the results could 

be a defining moment in our exploration 

of the solar system.”

2022 will see the launch of the joint ESA 

and Roscosmos ExoMars Rosalind Franklin 

Rover. The rover will land in a part of Mars 

named Oxia Planum, a 200-km-wide clay-

bearing plain, in 2023.

“This area has an abundance of rocks 

that are thought to be rich in phyllosilicate 

minerals, suggesting the importance of 

water around the time of their formation 

about 4 billion years ago. The goal is for 

the rover to take a deep drill core on Mars, 

from two metres, beyond the influence of 

radiation at the surface, to search for life. 

There is evidence to show that this part 

of Mars appears to have been habitable, 

but was there ever life on Mars? Hopefully 

ExoMars can answer this question in just a 

few years.”

Catching up
Over the past few decades, the large 

number of missions to Mars has 

resulted in an explosion of interest, 

which is reflected in the high number 

of discoveries published in research 

papers. While there have been more 

successful soft landings on Venus than 

on Mars, publications on Venus have 

not kept pace.

“Nothing has touched down on Venus 

since the early 1980s, with the last of the 

Soviet Union’s Venera landers. Because 

of the harsh conditions at the surface, 

and the earlier technology, only basic 

information was returned. However, this 

information is vital because it is all we 

have, and shows that the surface at the 

landing sites appears to be basaltic. Radar 

images from NASA’s Magellan orbiter, 

which launched in 1989 and orbited Venus 

during the early 1990s, show an essentially 

volcanic planet.

“But interest in Venus has never gone 

away. Studies mined the Magellan data, 

applying new techniques that helped 

generate an increased awareness in the 

importance of understanding Venus. 

In 2005, ESA launched their Venus 

Express orbiter which, although designed 

to study the atmosphere, provided 

tantalising evidence that Venus is still 

volcanically active.”

There has been a recent resurgence of 

interest in Venus with reports of phosphine 

in Venus’s atmosphere.

“This is one of the most exciting, and 

controversial, recent results involving 

Venus. Using telescopes on Earth, Greaves 

and colleagues (Nat. Astron. 5, 655-664, 

2021) claimed to have found phosphine – a 

gas often associated with life on Earth, and 

that shouldn’t be present at Venus – in the 

planet’s atmosphere. So, the implications 

are huge. Other studies refuted the claim, 

but recent repeat analyses support the 

original findings. Right now, this an open, 

but exciting, question.”

Both NASA and ESA have recently 

announced new missions to Venus. 

“NASA’s DAVINCI+ mission will involve a 

probe that will enter Venus’s atmosphere 

and study its chemistry, as well as imaging 

possibly ancient, tectonic regions on the 

planet’s surface, while VERITAS will use 

synthetic aperture radar (SAR) to study the 

surface in greater detail than ever before. 

Both of these missions will launch towards 

the end of the decade. ESA’s EnVision 

mission is a complementary SAR mission, 

launching in the early 2030s. The data 

from these missions should lead to a new 

understanding of Venus, and the evolution 

of planetary systems.

“Venus has had a very different evolution 

compared to Earth, despite being similar 

in size, composition, and distance from 

the Sun. Because of the relatively young 

surface, we are missing about four-fifths 

of the history of Venus. Yet, we see a 

planet with a rich geological story that we 

are a long way from fully understanding. 

Why does Venus (apparently) lack plate 

tectonics? What happened to the water (if 

it was there)? There are many fundamental 

questions still to be answered, which are 

important not just for understanding our 

solar system, but also the planets that we 

now know exist in large numbers around 

other stars.” 

P E T E R  G R I N D R O D
Dr Peter Grindrod is a Research Leader in Meteoritics 
and Planetary Science in the Department of Earth 
Sciences at the Natural History Museum, London

The results  
could be a defining 
moment in our 
exploration of the 
solar system
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Mission to 
Mercury

O
N  1  O C T O B E R  2 0 2 1 

at 23.34 UTC, the 

BepiColombo mission 

– a joint project by the 

European and Japanese 

space agencies – carried out the first 

of six Mercury fly-bys. These fly-bys are 

needed so that the spacecraft can match 

its velocity with the planet’s, allowing it 

to be captured into orbit about Mercury 

in December 2025. Dave Rothery, a co-

investigator on BepiColombo’s Mercury 

Imaging Xray Spectrometer that will map 

elemental abundances across Mercury’s 

surface, explains the geological importance 

of this small and remarkably dense planet.

Metal rich 
“It’s a planet that we don’t understand. 

Mercury’s very high density suggests that 

it has a metallic core that is large relative 

to its silicate crust and mantle. The planet 

may have grown that way because of its 

close proximity to the Sun, where the high 

temperature hindered condensation of 

the less refractory elements. Alternatively, 

Mercury may have begun with a metal-to-

silicate ratio that was more similar to Earth 

or Venus, but was then stripped of most of 

its silicates during a later collision event.

“The problem is that Mercury’s surface 

is rich in volatiles, which doesn’t sit easily 

with either of these scenarios because 

the volatiles should have been especially 

hindered from condensing, or vaporised 

and lost during an impact. Wherever you 

look, the surface has about 4% sulphur 

(probably in magnesium and calcium 

sulphides), as well as abundant chlorine, 

sodium and potassium. 

“Mercury’s crust is very poor in iron. 

Its primordial magma ocean would 

have been equally iron-poor and thus 

insufficiently dense for plagioclase to float. 

So, there would have been no anorthositic 

primary crust forming when its primordial 

magma ocean began to solidify. Almost all 

of the crust is ‘secondary’, and composed 

of high-magnesium ‘basalts’, but there 

have also been abundant explosive 

Dave Rothery discusses 
BepiColombo, the planetary  
probe flying close to the Sun 
to eventually orbit Mercury,  
the smallest planet in our 
solar system
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volcanic eruptions, which can only happen 

if the ascending magma is volatile-rich 

or encounters volatiles in the subsurface. 

Currently, we don’t know what the main 

gas-forming volatiles were.” 

Complexity
While there is currently no evidence 

for explosive volcanism on Mercury 

that is younger than a few hundred 

million years, Dave describes another 

volatile-dependent process that is 

ongoing today.

“We see growth of ‘hollows’. These are 

steep-sided, fl at-bottomed depressions, 

hundreds of metres across, in which 

the top 10 or 20 m of surface has been 

removed. We don’t know how the material 

was removed, but it seems likely to require 

breakdown into individual atoms.”

Mercury is also a tectonically complex 

planet, with linked fault systems on the 

order of a thousand kilometres in length. 

“Most of these are apparently 

a consequence of global thermal 

contraction, and we are still trying to work 

out the extent to which the faults and 

fractures acted as pathways for magma 

and volatile migration, despite the overall 

compressive regime.”

Potential mysteries
On arrival at Mercury, the propulsion 

unit will release BepiColombo’s two 

orbiters. These are ESA’s Mercury 

Planetary Orbiter (MPO), which will map 

the surface using X-rays, plus visible and 

infrared spectrometry, and JAXA’s Mercury 

Magnetospheric Orbiter (MMO) or Mio, 

which will analyse the magnetic fi eld 

and space environment. 

“The previous mission to Mercury, 

NASA’s MESSENGER, had a strongly 

eccentric orbit meaning that gravity, 

neutron, X-ray and lidar analyses were 

unobtainable at southerly latitudes. 

Importantly, MPO’s orbit about Mercury 

will give us equally good data from 

both hemispheres.

“MPO also has a magnetometer, 

enabling MPO and Mio to act together 

to study short-term events, such as 

magnetic storms, using data collected in 

two places at the same time.

“As a photogeologist, I’m looking 

forward to more detailed imaging, 

especially inside volcanic vents. In my 

more earnest moments, I think the 

mineralogic information from the infrared 

imaging spectrometer in combination 

with the elemental abundances from 

the X-ray spectrometer will be enough 

to allow petrologists to decipher how 

magmagenesis has evolved by depth and 

by degree of partial melting over time. 

We should then be able to deduce the 

composition of Mercury’s mantle and get 

a better feel for why the planet has such a 

low rock-to-metal ratio. 

“The mission will enable us to 

better understand the origin and 

evolution of Mercury, but I also expect it to 

reveal mysteries that we know nothing 

about yet.” 

D A V I D  R O T H E R Y
David Rothery is Professor 
of Planetary Geosciences in 
the Department of Physical 
Sciences at the Open University, 
UK. He leads ESA’s Mercury 
Surface and Composition 

Working Group and is a Co-Investigator on the 
Mercury Imaging Xray Spectrometer (MIXS, led 
by the University of Leicester).

 @daverothery

Left, an enhanced colour composite image of the spectacular Caloris Basin on Mercury, which is a crater about 
1,525 kilometres across. 
(Image credit: NASA/Johns Hopkins University Applied Physics Laboratory/Carnegie Institution of Washington)

Below, a view of Mercury captured by BepiColombo on 1 October 2021 at 23.34 UTC Most of the scientifi c 
instruments aboard BepiColombo cannot function during the cruise phase and the fl y-by images are from 
simple cameras that don’t represent the abilities of the science payload. 
(Image credit: ESA/BepiColombo/MTM, CC BY-SA 3.0 IGO)
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T
W O  M I S S I O N S ,  Hayabusa2, 

run by the Japanese state 

space agency, JAXA, and 

NASA’s OSIRIS-REx mission, 

have successfully collected 

samples from carbonaceous asteroids in 

near-Earth orbits, as Sara Russell from the 

Natural History Museum explains.

First peek
“The aim of the Hayabusa2 mission is to 

use the rocky material collected from the 

asteroid Ryugu, which formed at the start of 

our solar system, to learn about our origins.”

Launched in 2014, Hayabusa2 arrived at 

Ryugu in 2018 and surveyed the surface for 

a year and a half before collecting samples. 

“Hayabusa2 placed a lander and tiny 

rovers on the surface of Ryugu to explore in 

more detail. The regolith was then collected 

in two ways. First, the spacecraft fi red a 

projectile that disrupted the surface and 

funnelled the grains into a collector. Then, 

a surface impactor exposed the subsurface 

and collected a sample. The spacecraft 

returned to Earth in December 2020, 

dropping its cargo onto the Australian desert.

“The material is already being analysed. 

A fi rst peek reveals that the sample is 

very, very black in colour, similar to some 

carbonaceous chondrite meteorites, which 

are the most primitive materials known to 

humankind, but perhaps even darker!”

Homeward bound
NASA’s OSIRIS-REx mission launched 

in September 2016 and touched down 

on the carbonaceous asteroid Bennu in 

December 2018.

“Samples were collected from Bennu’s 

surface by blasting nitrogen at the regolith, 

which caused pebbles and dust to rise up 

and be caught in the collection mechanism. 

The process worked well—the sample 

capsule seems to be stu� ed full of material. 

The spacecraft is now on its way home.”

Although the sample won’t arrive 

on Earth until September 2023, the 

OSIRIS-REx mission is already providing 

new insights.

“One exciting and unexpected outcome 

is that Bennu is ‘active’ – every few days 

we observe a fountain of particles spewing 

from its surface. The exact cause is not 

quite understood, but it hints that Bennu 

may be very volatile-rich and in some ways 

comet-like.

“The rocks returned from Bennu will 

help us to understand what the solar 

system was originally made from, what its 

environment was like, and how asteroids 

form and evolve. Bennu likely contains 

organic material and water, and asteroids 

like this may have brought these life-

essential ingredients to the early Earth.”

There are meteorites on Earth (such 

as carbonaceous chondrites) that are 

potentially similar to Bennu, but collecting an 

uncontaminated sample from the asteroid 

surface provides broader geological context.

“It’s like fi eldwork for meteoriticists!”

Frozen snapshot
Other planned missions to planetary 

bodies and asteroids also aim to help us 

better understand the solar system.

“Launching in 2029, the JAXA MMX 

mission will visit Mars’ largest moon, Phobos, 

and collect material from the surface to bring 

back to Earth. The origin of Phobos and its 

sister moon Deimos is a bit of a mystery; they 

either formed in a giant impact to the surface 

of Mars, or they may be captured asteroids.”

Meanwhile, Sara is busy characterising a 

meteorite that fell in the Cotswold town of 

Winchcombe on 28 February 2021.

“Not only is it the fi rst recovered fall in 

the UK for the last 30 years, but it is a rare 

carbonaceous chondrite that may have 

originated in the outer reaches of our solar 

system in its very early history, providing a 

frozen snapshot of this era.” 

Probing 
our origins

Formed from primitive material during the early stages 
of planetary formation, Sara Russell discusses how 
samples from carbonaceous asteroids could hold 
clues to the origins of our solar system

S A R A  R U S S E L L
Professor Sara Russell
is a Merit Researcher in 
Cosmic Mineralogy and 
Planetary Sciences, and
Leader of the Planetary 
Materials Group at the 

Natural History Museum, London.

A composite image of asteroid 
Bennu ejecting particles from 

its surface (images taken by 
the NavCam 1 imager onboard 
NASA’s OSIRIS-REx spacecraft 

on 19 January 2019. 
(Image credit: NASA/Goddard/

University of Arizona/
Lockheed Martin)
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THE GREYWACKE: HOW 
A PRIEST, A SOLDIER AND 
A SCHOOL TEACHER 
UNCOVERED 300 MILLION 
YEARS OF HISTORY

D E T A I L S

BY: Nick Davidson (2021).  

Profile Books Ltd., 288 pp. (hbk)

ISBN: 9781788163774 PRICE: £20.00

www.profilebooks.com

R E V I E W E D 

B Y  G O R D O N 

N E I G H B O U R

This stunning volume 

tells, in incredible detail, 

the development of 

our understanding of 

the Palaeozoic era, via 

the vivid and exciting 

stories of three of Britain’s most eminent 

19th Century geologists: Adam Sedgwick, 

Roderick Murchison and Charles Lapworth.

Uncovering their character flaws as well 

as their intellectual brilliance, the book 

relates how their struggles to understand 

deep time initially brought them 

together, whilst disagreement, egos and 

intransigence at times held them back.

Anyone who is interested in the 

development of our science should read 

this book, to understand how the scientific 

method can be used (and in some cases 

abused) to further our knowledge. A 

cautionary tale, it also reminds us that just 

because we think we are right, it does not 

necessarily follow that we are!

Whilst many of the stories are already 

well told, here they are put in their historical 

context in an accessible way, making the 

book suitable for the interested layperson, 

as well as those with an academic interest 

in the subject. It is clear that the author 

has undertaken a great deal of research, 

resulting in a book that is very difficult to 

put down. The stories are linked well, and 

really bring the characters to life, showing 

us that despite all we have learned and think 

we know, there is still so much more to do. 

Having visited so many of the field areas 

myself, it gives one a real insight into the 

sheer tenacity of the individuals involved 

– at times, it feels as though you are being 

transported to the field to follow in the 

footsteps of these great men of science. 

One can only sit in bewildered awe at the 

leaps of faith and the sometimes great 

personal risks they took, both physically and 

intellectually, to develop our understanding 

of the planet and deep time.

This book is an invaluable addition 

to the genre of historical geology and I 

do hope at some time in the future we 

shall see a more detailed biography of 

Lapworth – it seems that the material is 

there and just awaits the right person for 

the task, as remarked upon in the final 

chapters of the book. This book is a tour 

de force and one that deserves a place on 

the bookshelf. 

GEOLOGICAL 
HAZARDS IN THE UK: 
THEIR OCCURRENCE, 
MONITORING AND 
MITIGATION

D E T A I L S

BY: Giles, D.P. & Griffiths, J.S. eds. (2020). 

Geological Society of London Engineering 

Geology Spec. Pub. No 29. 490 pp. (hbk) 

ISBN: 9781786204615 PRICE: £140.00 

FELLOW’S PRICE: £70.00

www.geolsoc.org.uk/SPE29 

R E V I E W E D 

B Y  C O L I N  J . 

S E R R I D G E

The aim of this 

publication is to 

assist geoscientists 

to communicate 

the interaction 

of geological 

hazards (geohazards) with society. 

The main objectives are based around 

improving awareness and understanding 

of geohazards to aid the identification, 

management and mitigation of such 

hazards in the UK. This is in the context 

of the range, variety and geographical 

distribution of geohazards, identified as 

a consequence of a varied geology and 

geomorphology, and the impact and 

legacy of anthropogenic activity, including 

mining and land management. 

Chapter one provides a useful 

introduction to the concept of a geological 

hazard, followed in turn by an overview 

of the history of significant geohazards in 

the UK; terms of reference of the working 

party group; and an overview of the five 

main sections (A-E) into which the 18 

subsequent chapters have been grouped.

Section A – Tectonic hazards, covers 

seismic and tsunami hazard; Section B - 

Slope stability hazards, covers landslide 

and slope stability hazard, as well as 

debris flows; Section C – Problematic 

ground and geotechnical hazards, covers 

collapsible soils, quick clay behaviour 

in sensitive Quaternary marine clays, 

swelling and shrinking soils, peat hazards, 

and relict periglacial hazards; Section  D 

– Mining and subsidence hazards, covers 

subsidence from coal, chalk and flint 

mining, hazards associated with mining and 

mineral exploration in Cornwall and Devon, 

geohazards associated with salt mining 

and brine extraction, carbonate dissolution, 

gypsum and anhydrite, mining-induced 

fault reactivation; Section E – Gas hazards, 

covers radon and methane gas hazards.

This is probably the first time that such 

a comprehensive body of research and 

knowledge on geohazards in the UK has 

been brought together into one volume. 

The report achieves its aim and objectives 

very well, is well structured and illustrated 

overall, supported by extensive case 

history information, and should prove 

an essential reference document for 

geohazards in the UK.

This book will appeal to a range of 

practitioners involved with geohazards 

and their effects, including geoscientists, 

civil and geotechnical engineers, planning 

and risk managers, among others. It 

will also appeal to undergraduates and 

postgraduates studying or researching 

geohazards, or looking to augment their 

knowledge and understanding, where 

they may not have specialised in a course 

with a geohazard content. 

B E  I N S P I R ED  BY  O U R  F EL LO W S ’  R ECO M M EN DAT I O N S BOOKS & ARTS
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W e don’t often give the humble 

pebble a second thought. We 

collect them from beaches and fields and 

admire their rounded shape, patterns and 

colours. But there’s more interest in the 

simple pebble than you might think, and 

not just from geologists who use them 

to reconstruct ancient land masses and 

cyclical geological processes. During 

the pandemic, pebbles were adapted as 

messengers to spread cheer and express 

solidarity. Poets and writers adopted them 

as symbols of hope and persistence.

Pebbles survive change mostly 

unscathed, becoming ever smoother, ever 

more rounded after each erosion, each 

exhumation. It seems to me that it’s the 

pebble as a symbol of permanence that’s 

so interesting to people. This persistence 

seemed to inspire the painted pebbles 

that appeared during the pandemic, 

perhaps because they represent solidity 

and certainty. It’s hard to take a walk 

in the country without seeing pebbles 

painted like houses, or ladybirds, or with 

National Health Service colours, placed 

on walls or stowed under hedges. During 

the pandemic, ‘comfort pebbles’ were 

given to patients in hospitals with painted-

on personal messages from family or 

comforting images. As something to 

do during the lockdowns, pebbles were 

painted by children and hidden for others 

to find, with photographs of ‘found pebbles’ 

posted on dedicated groups on social 

media. Hundreds of these stones have 

been sealed in cement in Cockermouth, 

Cumbria, to preserve this unique moment 

and the way that people responded.

THE PERSISTENCE  
OF PEBBLES

During the pandemic, 
people painted pebbles  

with pictures and  
messages to spread cheer
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On behalf of a Pebble

An inspiring lecture by the University 

of Oxford Professor of Poetry, Alice 

Oswald, On behalf of a Pebble, provides 

a fascinating insight into the way a poet 

uses the basic elements of nature – 

pebbles, water, trees – as symbols, to 

inspire the imagination, and to function 

as building blocks in poems. Oswald’s 

recent books, such as the collection 

Woods etc. (2005), feature poems 

on stones and pebbles, and reveal a 

fascination with their persistence. In 

Autobiography of a Stone, for example, 

Oswald imagines herself as a pebble 

being endlessly rounded, being left after 

the earth is gone:

But I am moving only very slowly

lasting out earth and

keeping my gift under darkness.

In her Oxford lecture, Oswald 

expands on the idea of the persistence 

of the pebble, or as she says, its ‘solid, 

dense and inscrutable’ presence. She 

mentions the tonkori, a plucked string 

instrument played by the Ainu people of 

Hokkaidō, northern Japan. The tonkori’s 

shape is said to resemble the human 

body, and a pebble is often placed 

within the cavity of the instrument 

because it is believed to give the 

instrument a soul. So, for the poet, 

the pebble has solidity and life beyond 

the present. 

The Stone

A mesmerising short story, The Stone, 

by the American writer and poet Louise 

Erdrich, describes a girl who finds a 

large rounded pebble in a tree. She 

takes the stone as a silent supportive 

companion, a source of stability and 

comfort, an object that is unchanging 

and unchangeable. As she grows up, 

the stone accompanies her through 

a troubled, sometimes solitary life, 

always staying the same. In only a few 

lines does Erdrich tell the story of the 

stone itself – its billion-year origin, and 

how its strange shape and smoothness 

attracted human beings to pick it up 

several times over the past ten thousand 

years. Eventually, the woman dies in her 

sleep beside the stone and dreams that 

the molecules of her body will join with 

the stone’s molecules over and over 

in age after age – like the clasts of an 

ancient upland appearing over and over 

in ever-younger landscapes, or pebbles 

exposed in a muddy field.

Pebble

For geologists, the enduring nature of 

pebbles helps us to reconstruct past 

environments, drainage patterns and 

unroofing events of ancient continents, 

but others might be interested in or 

even comforted by them as symbols 

of longevity.

A poem, Pebble, by the Polish poet 

Zbigniew Herbert, provides perhaps 

the best articulation of this longevity 

– this idea that pebbles will outlast 

us. Herbert reflects on the solidity 

of the pebble, and how the humble 

pebble conceals a capacity to observe 

and even pass judgement on our 

stewardship of the planet from its 

unchanging viewpoint:

Pebbles cannot be tamed

to the end they will look at us

with a calm and very clear eye

Geologists know that pebbles are 

not forever, and, of course, they 

have no ability to judge, but the 

principle is clear: if there was a lasting 

judgement of our stewardship of the 

planet, what would it be? Would the 

‘clear eye’ of the pebble judge us 

harshly or kindly?

Author
MIKE STEPHENSON

Professor Mike Stephenson is Executive 

Chief Scientist at the British Geological 

Survey

Dedication

For my dad Jack Stephenson, who died 

last year.

D E T A I L S

ON BEHALF OF A PEBBLE

BY: Alice Oswald (2021). University of 

Oxford, Professor of Poetry Lecture.

www.youtube.com/watch?v=ZIFUyBaFnZM
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THE STONE

BY: Louise Erdrich (2019).  

The New Yorker (Sept. 9 2019 issue  

& podcast)
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voice/louise-erdrich-reads-the-stone

PEBBLE

BY: Zbigniew Herbert. Published in 

Postwar Polish Poetry: New Expanded 

Edition, edited by Czeslaw Milosz 

(University of California Press, 1983).  

180 pp. Translated from the original Polish 

by Peter Dale Scott and Czeslaw Milosz.

ISBN: 978-0520044760 

www.best-poems.net
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RICHARD WAS BROUGHT up in Weston-super-

Mare in the West of England. He spent his early 

years exploring the hills, valley and moors of 

the Mendip, Quantock and Dartmoor, and was 

greatly respected by his friends for his loyalty, 

intellect, and all-round sporting ability, especially 

as an endurance athlete.

Richard studied Geology at the University 

of Manchester and followed up with a Master 

in Engineering Geology at Imperial College 

London, completing the course just before the 

end of the last Millennium.

His initial technical training was with Halcrow 

in the South West of England, and the rugged 

and varied geology of the region inspired an 

interest in hard rock geology.

New Zealand
In 2008, Rich and his family emigrated to New 

Zealand, where he took up a role in the geohazards 

team at Tonkin & Taylor. Rich was heavily involved 

with investigating, modelling and rebuilding of 

Christchurch following the 2011 earthquake, 

and developed an interest in slope instability and 

roped access work, which juxtaposed with his 

love of mountaineering and climbing.

Rich was a prolifi c DIY enthusiast who 

developed his skills to become a serious self-

builder, culminating in his own ‘Grand Design’ 

construction on heavily sloping ground around 

the Port Hills in Christchurch, New Zealand. The 

project was only completed a matter of weeks 

before his untimely death.

Testament of his DIY skills came following 

his rewiring of his entire house in Teignmouth, 

Devon, an electrician employed to sign-o�  the 

work proclaimed that his work ‘was the most 

professional, ordered and tidy job he had ever seen!’

Family
Richard was tragically killed whilst climbing on 

Mt Taranaki on New Zealand’s Southern Island 

on 4 May 2021, aged 46.

A devoted family man, Rich was happiest in 

the hills with Jac, Freya and Indy, and his beloved 

dog Betsy.

He was a loyal and loving father, son, brother, 

uncle and friend who would never fail to go the 

extra mile for anyone. He earned the respect and 

admiration of those he met at home, at work, on 

his travels and even on the sidelines of his girls’ 

sporting events.

His colleagues will remember him for his 

technical expertise, his willingness to help, 

and his positive outlook on life. 

RICHARD 
ANTHONY 
PHILLIPS
1975 – 2021

A geoengineering 
and geohazards 
expert with a 
love of family, 
mountaineering 
and DIY

BY DAVE HOLLEY

Pictured, above: Devoted 
family man Richard was 
admired by colleagues 
and friends

IN MEMORY OF…
The Society notes with sadness the passing of:
•   Allen, Philip A.

•   Angus, Alison Jane*
•   Audley-Charles, Michael Geoffrey 

•   Bailey, Patrick BernardF Howard*

•   Baldwin, Stuart*
•   Blakeway, Denis*
•   Burgess, Iain*
•   Cooper, Bryan*
•   Davis, Anthony*
•   Dumpleton, Steve*
•   Evans, Graham

•   Floyd, Peter*
•   Hinton, Michael*
•   Knight, Roger*
•   Lavers, Brian A*
•   Mason, Joseph Edwin*
•   Maurenbrecher, Pieter*

•   McAdam, Archibald*
•   Myers, John

•   Phillips, Richard 

•   Price, Gerald*
•   Pulsford, John*
•   Samarrai, Adnan Ismail 

•   Sims, Peter*
•   Sowan, Paul Wenning*
•   Stringer, Peter*
•   Townson, Geoff 

•   Varley, Keith Walter*
•   Vaughan, Frank*
•   Walker, Peter*
•   West, Richard Gilbert*
•   Worssam, Bernard*
•   Wrightman, Jack*
(Bold, recent additions to the list; * Fellows 

for whom no obituarist has been commissioned)
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Rich was heavily 
involved with 
investigating, modelling 
and rebuilding of 
Christchurch following 
the 2011 earthquake 
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AFTER GRADUATING IN geology, chemistry and 

history from the University of Wisconsin in 1964, 

and acquiring a pilot’s licence, Mike went on to 

obtain an MSc from the University of Wyoming 

(1966) and PhD from Trinity College Dublin 

(1969), studying the Dalradian metasediments 

and their Paleoproterozoic basement in 

north west County Mayo, Ireland.

Mike’s work was diverse, covering geology, 

geophysics, geochemistry, physical acoustics, 

information technology, gas hydrates, marine 

desalination and atmospheric drinking water.

Geological Survey
Working for the Geological Survey of Ireland 

(1969 – 1985), Mike studied Irish Precambrian 

and Lower Palaeozoic rocks and discovered the 

Mannin Thrust, in Connemara, western Ireland. 

Working with Tony Barber, he recognised the 

Menai Strait Fault, which separates Anglesey 

from the mainland of north Wales, as a major 

shear zone terrane boundary. 

Mike established a scuba-diving unit and 

investigated near-shore geology. While 

working with colleagues on Doonguddle 

rocks, northwest Galway Bay, Mike was fi red at 

during gun practice by the Fisheries Protection 

vessel. He was a familiar fi gure at conferences, 

projecting a macho image, with his broad 

shoulders and signature Bu� alo Bill moustache. 

International exploration
Between 1985 and 1999, Mike worked at the 

Naval Research Laboratory (NRL) in Washington, 

DC, USA. Here, he undertook geological and 

geophysical studies of the continental shelves 

of the Barents Sea, northwest Norwegian 

and Greenland seas, and participated in 

geophysical research adjacent to Antarctica. 

Mike developed a joint NRL-USGS research 

project on gas hydrates and was loaned as a 

consultant to Shell.

A secondment to NATO’s Supreme Allied 

Commander Atlantic (SACLANT) at La Spezia, 

Italy (1991 – 1996) allowed Mike to further 

his appreciation of Italian opera. He assisted 

NATO Sonar projects through geological and 

geophysical analysis of continental shelves, was 

chief scientist on major cruises, co-organised 

with Urbino University an international meeting 

on geology and geophysics of the Sicilian-

Tunisian Platform, and organised and ran 

oceanographic and acoustic studies on an 

Albanian continental shelf project with the 

Italian Navy.

Returning to NRL after secondment, Mike 

studied the tectonics and crustal assembly of 

the Argentine continental shelf, led research 

on natural methane hydrates, and joined the 

Department of Energy select task force to 

develop a National Gas Hydrate Research 

Program (1997 – 1999). He assisted the Senate 

Energy Committee to prepare the Gas Hydrate 

Research Act (2000).

As co-founder and Chief of Research at 

Hydrate Energy International Inc. (1999 – 2020), 

Mike developed consulting and research in gas 

exploration, investigating unconventional gas 

resources, natural gas hydrates, carbon capture 

and sequestration, marine desalination and 

patent applications.

Mike became an Adjunct Professor in 

Petroleum Geology (Unconventional Energy 

Resources) at the School of Geological 

Sciences, National University of Ireland, 

University College Dublin, from 2012. He 

was a member of numerous professional 

organisations and authored over 300 

publications, patents and gas hydrate books. 

Big personality
Mike was born to Ruth and Oscar on 29 May 

1942 in Madison, Wisconsin, USA. He died 

on 31 May 2020 in Washington DC, USA. He 

had a big personality, and was inspirational 

and encouraging to many. His macho image 

concealed a cultured and considerate 

individual. He will be widely remembered and 

greatly missed by his wife Eleanor, daughter 

Rachel and sister Debbie, as well as by his 

friends and colleagues. 

MICHAEL 
DAVID MAX 
1942 – 2020

An inspirational 
and big character 
whose work 
spanned the 
geosciences

BY BARRY LONG AND 

JOHN WINCHESTER

Pictured, above: Mike 
had a big personality and 
inspired many others in 
his profession

    Contact

If you would like to contribute an 

obituary, please email the editor 

geoscientist@geolsoc.org.uk

    Roll of Honour

Deceased Fellows for whom no obituary 

is forthcoming have their names and dates 

recorded in a Roll of Honour at 

www.geolsoc.org.uk/obituaries
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FIVE MINUTES 
WITH… 

What’s a typical day for you?
Working on an international project with a science 

team of more than a hundred people scattered 

across the globe means a lot of time spent in 

virtual meetings. We were doing this before the 

pandemic, but we’ve now lost the regular face-

to-face meetings too, so every day is currently 

punctuated by early morning meetings with 

European colleagues or late afternoon meetings 

with Californian colleagues. In between, I analyse 

the fresh seismic data from Mars, prepare updates 

for the team, work on papers, and occasionally do 

some outreach – sadly still via Zoom, but I can’t 

wait to get back into classrooms, science centres, 

museums, and lecture halls.

Tell us more about InSight and the 
MarsQuake Service
NASA’s InSight lander is the first dedicated 

geophysics mission to Mars. Arriving on Mars in 

November 2018, the lander has been recording 

seismic data almost continuously since early 

2019, together with atmospheric and magnetic 

data from the pressure, wind, temperature, 

and magnetic sensors. The mission aims are to 

determine the internal structure of Mars, and the 

rate of seismicity and meteorite impacts. 

The MarsQuake Service is a team of 

seismologists who work on a rota basis to 

analyse the data and catalogue the seismicity. 

InSight sends us data several times a day via 

orbiting satellites and the Deep Space Network 

here on Earth. We then produce the Mars 

Seismic Catalogue, which is publicly released 

every three months, and contribute to the wider 

research effort (see p. 20), such as helping to 

determine the size and composition of Mars’ core 

(larger and lighter than expected), and mantle and 

crustal structure (thinner and more enriched than 

prior predictions).

What advice would you give to someone 
hoping to work in your field?
Enjoy the journey. When I headed off to university, 

I hadn’t considered studying earthquakes (I didn’t 

even know it was possible!), so I studied physics 

with astrophysics. I took a lecture course in 

seismology, loved it and never looked back. 

Following a PhD in seismology, I worked 

at NERC’s seismic equipment facility, which 

gave me the opportunity to travel all over the 

world deploying seismometers. After having 

children, I worked part time on various projects, 

researching everything from Earth’s deep interior 

to landslides, and spent a few years in industry 

with a geophysical surveying company. I haven’t 

followed a classical career path and never could 

have planned to join this mission – it didn’t exist 

when I left school – but I’ve always really enjoyed 

the jobs I’ve done. So, do what you love and 

don’t be afraid to change tack if that’s where your 

passion leads you. 

“I get to see 
new data 
from Mars 
every day”

What’s your 
favourite thing 
about your work?
The team, the 
cultural diversity, 
and the multi-
disciplinary nature 
of the mission. For 
example, Earth-
based seismometers 
are so well protected 
from the elements 
that we often ignore 
a passing storm. On 
Mars, that’s currently 
impossible and we 
have to analyse 
weather inputs on 
our readings – I’ve 
learnt a lot about 
Martian weather! Oh, 
and that I get new 
data from Mars every 
day and am often 
the first person in 
the world to see it.  

A N N A  H O R L E S T O N  is a seismologist 
at the University of Bristol and co-lead of 
the MarsQuake Service, part of NASA’s 
InSight mission on Mars

Pictured, above: Anna is 
studying the seismicity of Mars
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