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Council election - use your VOTE!
The world’s hottest place
Can unconventionals bridge the energy gap?

from the editor

The
planet’s
fine
We’re the ones
we have to
worry about,
says Ted Nield
I have spent at least part of my career
practising the dark arts of persuasion,
and if I can say one thing with some
authority, it is that cases are not
strengthened by being overdone. In a
way, this derives from an even more
basic rule of advocacy, public
relations and advertising – namely
never, but never, lie. Alas, such strict
adherence to defensibility and truth
in language is not a discipline that is
universally to be found among those
slack-jawed pop-takers who on
occasion set themselves up as
spokespeople for science.

The first and most grievous lie that such people tend to tell, is told
straight to politicians’ faces - in evidence to Parliament or
committees of enquiry - in the simple phrase “The Government
must”. What makes this suicidal is that all governments know One
Big Thing – and it is that they simply don’t do “must”. They are in
charge, and nobody is going to tell them that they “must” anything,
thank you. A submission that opens with this phrase, therefore, is
doomed.
The second kind of lie consists of foolish and hysterical
overstatement. The best place to see examples of this is in letters to newspapers. One such,
signed by one Professor Billowes of Manchester (and about a score of his aerated colleagues)
appeared recently in The Times (16 December 2009) bemoaning a lower-than-expected budget
allocation to the Science & Technology Facilities Council (STFC). The letter’s final paragraph
opened: “The academic nuclear physics community’s contribution to UK plc cannot be
overestimated.” What poppycock. “Should not be underestimated” might be justified. But it
should not need a lawyer (or any other professional wordsmith) to explain to a scientist that
nothing “cannot be overestimated”.
And so we come to Copenhagen, which had just reached its feeble conclusion as I write this. In
the annals of the uncertainties of estimation, it took some beating. As a spectacle of
governments facing (or not facing) an issue where they really “must” do something (because
even politics must concede force majeure to nature) it was almost unrivalled. And in all my born
days of witnessing the careless use of words by those claiming to be on the side of science, it
came out as top banana assoluta.
Part of what makes climate agreements so hard to reach is the unacknowledged fact that
politicians are by their very nature unwilling to recognise force majeure when they see it. As the
scientists who see it more clearly than anyone, geologists “must” take care to speak carefully or risk being ignored. For they, surely, know that whatever happens to the climate, the planet
will do just fine. It has, after all, suffered worse.
Moreover it might help politicians to grasp this issue if it can be stated that the brouhaha is not
about the future of a shared cosmic entity with no vote (“the planet”). Environmentalism is
best portrayed not as altruism directed at mother Earth, who is (as geologists know) a most
unsuitable parent. Environmentalism is simply, and wonderfully straightforwardly, selfishness.
It’s about our own convenience. It’s all about us.
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Soapbox

Hand of
history

Hugh Torrens thinks it
is high time the Society
appointed an archivist.
The Society’s fine new Special Publication 317,
The Making of the Geological Society of
London, most nobly edited by Cherry Lewis
and Simon Knell, has just been published. It
was generated during the Bicentenary
celebrations of the Geological Society of
London, the oldest such body in the world.
One would expect the Society, especially
having gone through a veritable orgy of
celebrations, to show the proper respect for its
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Geocientist in the news and on the move

history. Yet within this Special Publication my
attention was ineluctably drawn to some
remarkable statements. On page vi, we read
of Cherry’s frustration that there was “no
Society archivist in place”. She goes on:
“…there hasn’t been one for some years a rather lamentable situation in its
Bicentenary year – [and] I was concerned
that a record of these [bicentennial] events
would be lost”.
Furthermore we read, on page 88, how Dr
Lewis had to deposit the editors’ email
correspondence with one another and
with the various authors of articles
within the book, not with the Geological
Society, but with the University of Bristol
Special Collections. This correspondence
was itself an important archive because, as Cherry
writes, it: “contains background information we were not able to use”.
For a Society with such a remarkable history, these comments record a sad state of
affairs, especially when one recalls how a work by its first Honorary Archivist (John
Thackray) Eye witness accounts of meetings of the Geological Society of London and
its Club 1822-1868, had to be posthumously published (in 2003) not by the Society
itself but by the British Society for the History of Science.
I feel it is time we as a subject realised that geology is the most historical of all
sciences and that its practitioners have a duty both to the science itself, and its history.
Such a realisation should demand that we somehow manage to appoint an
archivist.

Editor writes: Prof. Torrens and readers will be cheered to know that the Society is
now seeking to appoint a part-time archivist. Despite a difficult financial situation,
with income from investments below expectations as a result of the banking crisis, the
Council of the Society nevertheless decided to find the funds for this post from
reserves.

Soapbox - is open to contributions from all Fellows. You can always write a letter to the Editor, of
course; but perhaps you feel you need more space? If you can write it entertainingly in 500 words, the
Editor would like to hear from you. Email your piece, and a self-portrait, to ted.nield@geolsoc.org.uk.
Copy can only be accepted electronically. No diagrams, tables or other illustrations please.
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For reaction to last month’s controversial Opinion piece 1984 and all that, by Rick
Brassington, go to www.geolsoc.org.uk/Brassington.
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Carousel

Glossop

Frank Dixey (1892-1982) the renowned geological
explorer of west, central and east Africa, has been
honoured in his adoptive native town. Although
Dixey was born in Bristol, the plaque has been
affixed to his childhood home in Barry, South
Wales. His father moved the family there when
Frank was only two, to take work as a riveter in the
Barry ship repair yards.

Dawne Riddle writes: The
Engineering Group’s Glossop Lecture,
named for the Engineering Group’s
founding Chair, Professor Rudolph Glossop
(1902-1993) was first instituted in 1999,
the 30th anniversary of the Quarterly

Deaths
Jon Gluyas has been appointed professor of
geo-energy, carbon capture and storage at
the Durham Energy Institute (University
of Durham). Also, Jon will take over
chairmanship of the Board of the British
Geological Survey from Derek Davis, who is
retiring.

Malcolm Hart (University of Plymouth) has been presented with the Frederick
Sherrell Career Recognition Award, for individuals who have made both a
contribution to the understanding of the geology of SW England and the
promotion of geology in the community. Pictured with Prof. Hart (holding the
Dartington Glass) are (l. to r.): Dr Mark Anderson (School of Geography, Earth &
Environmental Sciences, University of Plymouth & Chair, SW Regional Group),
Dr Lousie Hollick (BGS, outgoing Chair) and Dr Clive Nicholas (previous
recipient).

Michael P Klimetz is one of seven recipients of the
First Annual Sloan Foundation Award for
Excellence in Teaching Science and
Mathematics. The Award exists for
“Recognising exceptionally dedicated and
creative teachers who have achieved
outstanding results, the Awards also
acknowledge the role each has played in
inspiring students of all backgrounds and
abilities to pursue careers in science and
mathematics.”
All Fellows of the Society are entitled to entries in Carousel. Please email
ted.nield@geolsoc.org.uk, quoting your Fellowship number
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• Read obituaries online at www.geolsoc.org.uk/obituaries.
The Society notes with sadness the passing of:
Archer, Alan*
Barrett, W L*
Beltrandi, M D*
Baumer, A*
Bishop, Richard*
Ellistsgard-Rasmussen, Knut*
Francis, Christopher Michael George*
Guilford, Colin*
Hodgson, Alan*
Hopkins, Graham Leslie*
Knight, Jack*
Mills, Anthony B*
McKinlay, Alex C M*
Roberts, David Keith *
Truss, Stephen*
In the interests of recording its Fellows’ work for posterity,
the Society publishes obituaries online, and collects them
once a year in its Annual Review. The most recent
additions to the list are in shown in bold. Fellows for
whom no obituarist has yet been commissioned are
marked with an asterisk (*).
If you would like to contribute an obituary, please email
ted.nield@geolsoc.org.uk to be commissioned. You will
receive a guide for authors and a deadline for submission.
You can also read the guidelines for authors at
www.geolsoc.org.uk/obituaries. To save yourself unnecessary
work, please do not write anything until you have received a
commissioning letter.
Deceased Fellows for whom no obituary is forthcoming have
their names and dates recorded in a Roll of Honour in the
obituaries section of the Society website.

Help your obituarist
The Society operates a scheme whereby Fellows may
deposit biographical material for use by their obituarist.
The object is to assist obituarists by providing useful
contacts, dates and other factual information, and thus
to ensure that Fellows’ lives are accorded appropriate
and accurate commemoration. Please send your CV and
a photograph to Ted Nield at the Society.

people
Ivan Hodgson

Evening 2009
Journal of Engineering Geology. The Lecture (and the Award that accompanies
it) each year honours the most distinguished practitioners in the discipline of
engineering geology. It is now recognised as the most prestigious event in the
whole engineering geology calendar.
Lady Chitty

As well as honouring the great, the Glossop
Evening also incorporates the Glossop Award,
which is a project-based competition for
young engineering geologists under 30, who
are Fellows of the Geological Society and
under training for, or are already, Chartered
Geologists. The winner of the Award delivers
a presentation on their winning project before
the main event.

The winner of the Award for 2009 was Stacy
English (WA Fairhurst & Partners) for Rockfall
Protection of Jamestown Wharf, St Helena. W
A Fairhurst & Partners were appointed by St
Helena Government to undertake a rockfall
protection scheme on a 200m high, 400m long basaltic cliff on the island of St
Helena, in the South Atlantic Ocean. Stacy played a key role in each stage of the
scheme from the early review of previous studies, through the field data
collection and design process, preparation of tender documentation and
supervision of the construction phase of the works.

Petroleum Group Young Explorer of the
Year Award Nominations

Stacy English receives her Award

Professor Paul Nathanail (Nottingham University) delivered
the 2009 Glossop Lecture, on Engineering geology of
sustainable risk-based land quality management. Prof.
Nathanail was then presented with the Glossop Medal. As has
become customary, a bouquet of flowers was presented to
travel writer and biographer Lady Susan Chitty (daughter of
the late Professor Glossop) by Ivan Hodgson, Chair of EGGS.
The vote of thanks was delivered by David Earle.
Paul Nathanail is presented with the Glossop Medal

To recognise young talent, the future of our industry, the Petroleum Group is
seeking nominations for the annual Young Explorer of the Year Award,
presented at their prestigious Annual Dinner held at the Natural History
Museum. Nominees should be under 35 years of age and have made a
significant contribution to the discovery of hydrocarbons or be an emerging
talent who is making a significant impact in production. The winner will be
presented with the award medal at the Petroleum Group Annual Dinner on the
16th June 2010.
Nominations are sought particularly from colleagues and company exploration
and production management of young individuals who have really been
influential beyond their years in their companies E and P activities.
Nominations have historically tended to reflect individual contributions which
range from the inspired identification of some overlooked potential, through
the dogged pursuit of scientific themes towards an important insight to the
͚ƐƚĂŶĚŽƵƚ͛ ĐŽŶƚƌŝďƵƚŝŽŶ ŽĨ ƚŚĞ ŝŶĚŝǀŝĚƵĂů ǁŝƚŚŝŶ ŚŝƐ Žƌ ŚĞƌ ƚĞĂŵ ƐĞƚƚŝŶŐ͕ ďƵƚ
always having led to exploration and appraisal success or development and
production advances and breakthroughs.
For the first time in 2010, the names and company affiliations of all nominated
individuals will be published by the Petroleum Group after the successful
winner has been announced in June and it is hoped that companies will
recognise the corporate prestige and individual reward associated with the
nomination of suitably qualified individuals.

Nomination forms and further information can be found on the Awards Section
of the Petroleum Group Website:
www.geolsoc.org.uk/petroleum
Alternatively you can contact Steve Whalley at steve.whalley@geolsoc.org.uk

The event came as the culmination of a whole day of activity,
including by the Engineering Group Forum, and took place at
the Royal Geographical Society in South Kensington, London,
on 25 November. The event was followed by dinner. The 3rd
Engineering Group Forum took the title: Planning in
Engineering Geology, and included presentations by Martin
Culshaw, Mike Winter, Helen Reeves Jim Griffiths, Mark Lee,
Andrew Cook, Brian Marker, Clive Edmonds, Robin McInnes
and Alan Thompson.

Volume 20 • No. 2 • 5

people

YE-S
to Planet Earth

Opening Event

The Young Earth Scientists’ (YE-S) Congress was held in Beijing in October 2009,
bringing together the geologists, policy makers and politicians of the future.
Joanne Venus describes the event and collects reactions from delegates.
The first ever International Congress for
Young Earth-Scientists was held in Beijing
from 25 to 28 October 2009 and was
organised by the YE-S international network.
Although the culmination of over two years’
work and planning, it was a beginning, and
definitely not the end of the YE-S Network.

YE-S is the first ever truly international
network of early-career scientists – and is
made even more special by the fact that it was
started by younger geoscientists, for younger
geoscientists! We have formed at a time of
rapid advances in technology and aim to make
the use of all of these. We have a full online
presence and also stream our events live via
Webinar (hosted by AGI).

The YE-S project was conceived over two
years ago by two members of the Italian
Geological Society Young Section (David
What happened?
Govoni and Luca Micucci). Its
The YE-S Congress was held
main aim has been to bring
from the 25-28 October at the
together early career geoscientists
China University of Geosciences
from around the world to discuss
(Beijing). Policy makers also
common themes, and to promote
attended, enabling YE-S to begin
communication between
to work towards better external
geoscientists and policy makers.
communication from
Similar types of organisations
geosciences to policy makers and
were already emerging in various
general audiences. The event was
Young Earth Scientists - and Executive Secretary Edmund Nickless - meet in Beijing
countries, including the Young
broadly split into two halves, the
Geoscientists Group in the UK. Currently we
first comprising oral and poster sessions, and the second “roundtable” sessions (see below for an
have an International Committee of over 30
example), centred on eight of the themes of the UN International Year of Planet Earth (IYPE).
people and a mailing list of well over 500
The roundtable sessions (on Polar Region Climate Change; Energy and Natural Resources; Natural
from all over the world. There were 380
Hazards; Industry-Academic Linkages; Issues in Geoscience Education; International Licensure;
attendees at the Beijing Congress, of whom
Women in Geosciences; Synthesis and Strategy) were unique, in that combinations of senior and
over 180 were non-Chinese.
early career speakers were invited to present for the first part of each session, followed by
Why hold a special conference for young
discussion. Speakers, moderators and audience then took part in working groups to discuss the
Earth scientists? I will try to answer this with
main questions raised. Working groups were tasked with generating not only an interesting debate,
another question. Have you ever sat - in a
but also a strategy proposal for the future. The sessions were streamed live (audio) via Webinar,
conference hall, meeting or in your office allowing “virtual” participants not only to listen, but also to ask questions - making the session
and wondered where all the young
truly accessible to those unable to travel.
geoscientists are? The YE-S Network not only
Representatives from the YE-S team later attended the IYPE Planet Earth closing event in Lisbon
tries to further research and communication
(18 -22 November) which provided a fantastic opportunity to present the YE-S project to students
within the scientific community, but is
from all IYPE countries. The next YE-S Congress will be held in Brisbane, Australia, in 2012 in
reaching out into the wider community - to
conjunction with the 34th IGC. But we will not be resting on our laurels in the meantime! We have
prove that we can communicate in jargonan active online presence, so please join us for an online discussion! We also plan to run
free language with those from different
roundtable sessions with a specific “YE-S” spin at most major geoscience conferences in the
disciplines in our own age group, and who
future. These will be widely advertised via our mailing lists, website and also through individual
will need to work together in future to
congress websites. All roundtables will be “virtualised” so that anyone anywhere may participate
mitigate urgent world problems like climate
live.
change.
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Want to get involved?
You can participate at any level you like, from following us online to
becoming an active member of the YE-S team. I have been involved, actively,
for nearly two years now and while it has been extremely hard work, I have
learnt a lot and every second has been worth it. I am not only extremely
proud and happy with the Network that we are generating, but I have met
some truly inspirational people along the way.
If you have any questions you can email the whole YE-S organisational team
on YE-Sioc_executives@YE-Scongress2009.org. We can be found at: www.networkYE-S.org; www.YE-Scongress2009.org. We also have a Facebook page:
search for “First World Young Earth Scientists (YE-S) Congress 2009” or for “Young Geoscientists Group” (UK Based).

Roundtable: “Climate change in polar regions”
The Y-ES roundtable on climate change in polar regions was organised
in partnership with the Association of Polar Early Career Scientists
(APECS) and chaired by APECS vice-president, Elizabeth Thomas
(British Antarctic Survey, UK). The roundtable was made possible with
the support of the Local Chinese Organising Committee as well as the
International Union for Quaternary Research (INQUA).
The roundtable featured a series of presentations on polar science, with
topics ranging from specific polar processes to the interplay between
polar science and society. David Schneider, Hamish Pritchard, and
Hugues Lantuit described the current state of knowledge, including
temperature evolution, ice-sheet dynamics and permafrost, focusing
on the recent achievements of the International Polar Year. Jianping Li
extended the topic to emphasise the relationship between polar regions
and Asian climate. Rágnar Baldursson closed the oral program by
providing an insightful view on the articulation of science and policy.
A panel discussion followed the oral programme, where participants
both on site in Beijing and online through the “virtual venue” provided
by the American Geological Institute (AGI), could question the experts.
Most participants were not involved in polar research and their
questions reflected a diverse range of disciplines and nationalities.
Liz Thomas (Roundtable organiser, British Antarctic Survey)

Closing event

What they said....
“For me, YE-S has opened up an exciting and dynamic community
of early career scientists working around the world to get their
science understood and the importance appreciated both within the
geoscience community and throughout society. The main strength
has been the dynamism of our communications - in energy,
method, and cross-cutting nature.”
Sarah Gaines, VP Scientific Programme for 2009 Congress (UNESCO)
“It was a big opportunity for any young Earth scientists to interact
with people of high
calibre.....During the conference, I was able to focus on topics that
directly relate to my work and find solutions for ongoing projects. I
got the opportunity to present my work to wide range of audience,
discuss and receive valuable suggestions and guidance.”
Pallavi Banerjee, (India delegate)
“Not all regions of the world face the same geological challenges but
nowadays we know our planet is a global system. Nations, scientists
and policy makers are meeting in Copenhagen to develop global
strategies. To create such a strategy, the first step is unite the
scientific community in a network. The second is to link this with
policy makers and other young representatives in civil society. Earth
scientists will be able to understand better what and where policy
and society need, and where they can help to face problems.
Politicians will benefit from a realistic science-based view.”
David Govoni (YE-S Network President)
“The International Year of Planet Earth posed a tough question to
Earth scientists: Why is the number of students in geoscience
decreasing while there is a heightened awareness of climate change
and resource management? Our congress tried to answer this
through hands-on strategic discussions, in the hope of solving some
major geoscience-related challenges for society. Concrete actions
must stem from from a long-term perspective. Our generation has
the advantage of huge technological advances that facilitate
networking, which YE-S proposes to exploit to full advantage.
Luca Micucci (YE-S Network Executive Director)

Call for YES Network Leaders!
The structure of the YE-S Network that saw us through the YES Congress 2009 meeting is evolving! We are moving to a dynamic team-based
approach that we hope will serve to develop and expand the YE-S Network. Applications are invited for YE-S Network members to step forward for
YES Network leadership positions now! Please go to www.networkyes.org for more information.
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Distant Thunder

Love and
affection
As St Valentine’s Day draws
near, geologist and science
writer Nina Morgan* considers
historical affairs of the heart
Charles Darwin had a great respect for Charles Lyell.
The copy of the first volume of Lyell’s Principles of
Geology that Darwin took with him on the Beagle was,
Darwin writes in his autobiography, “of the highest
service to me in many ways.” And after he returned in
1836 he developed a strong affection for the eminent
man. “Amongst the great scientific men, no one has
been nearly so friendly & kind, as Lyell“ he wrote to
his cousin, William Darwin Fox, on 6 Nov 1836. “I
have seen him several times & feel inclined to like him
very much.”

The friendship flourished to such an
extent that Lyell was one of the first
people Darwin told about his impending
marriage. In a letter written on 12
November 1838, just one day after he
became engaged, Darwin wrote to Lyell to
say (in one of his least elegant sentences!):
“I have the very good, and shortly since very
unexpected fortune, of going to be married. The lady is my cousin, Miss Emma Wedgwood,
the sister of Hensleigh Wedgwood, and of the elder brother who married my sister, so we
are connected by manifold ties, besides on my part by the most sincere love and hearty
gratitude to her for accepting such a one as myself .... I hardly expect such good fortune
would turn up for me. I fear you will say I might very well have left my story untold till we
met. But I deeply feel your kindness and friendship towards me, which in truth, I may say,
has been one chief source of happiness to me ever since my return to England... I am sure
that Mrs Lyell, who has sympathy for everyone near her, will give me her hearty
congratulations.” A sentiment that Lyell himself would be sure to share.
Sources
The quote from Darwin’s autobiography is taken from Charles Darwin, Autobiographies,
Penguin Classics. The correspondence between Darwin and Fox appears as letter 319 on the
Darwin Correspondence website http://www.darwinproject.ac.uk/. The letter to Lyell,
dated Monday 12 November 1838, is quoted in Vol. II of Emma Darwin, A century of family
letters 1792-1896, edited by her daughter, Henrietta Litchfield, published by John Murray,
London, 1915.

If the past is the key to your present interests, why not join the History of Geology Group (HOGG)? For more information and to read the latest
HOGG newsletter, visit the HOGG website at: www.geolsoc.org.uk/hogg.

* Nina Morgan is a science writer based in Oxfordshire.
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Reviews

Copies available for review:

A Burr, D.M., Carling, P.A. & Baker, V.R. (eds) (2009), Megaflooding on Earth and Mars, Cambridge.
A Thomas, D.N. & Dieckmann, G.S. (eds) (2010), Sea Ice (2nd Edition), Wiley-Blackwell.
A Williams, C.A. (2009), Madingley Rise and Early Geophysics at Cambridge, Third Millennium.
Interested parties should contact the Reviews Editor, Dr. Martin Degg 01244 513173; m.degg@chester.ac.uk, only.
Reviewers are invited to keep texts. Review titles are not available to order from the Geological Society Publishing House unless otherwise stated.

Devonian Reef
Complexes of the
Canning Basin, Western
Australia
Geological Survey of
Western Australia
Bulletin No.145
Phillip E Playford, Roger M Hocking &
Anthony E Cockbain
Published by: GSWA
Publication date: August 2009
ISBN: 978-1-74168-233
List price: $AUS 77.00, plus postage
444 pp
www.dmp.wa.gov.au
This Bulletin is a remarkable testament to the work of the
geologists of the Geological Survey of Western Australia in their
studies of the Devonian rocks of the Canning Basin in the
southern Kimberley. The senior author of this book, Phil Playford,
has been mapping, logging and researching the area for more
than 50 years. Co-authors Roger Hocking and Anthony Cockbain
have also spent many field seasons there. The Bulletin summarises
the Survey’s recent work, its numerous publications, along with
the results of studies by others from the GSWA, and students and
staff of universities in Australia and elsewhere. It is a spectacular
book that provides a fitting tribute to one of the most famous
and best exposed reef complexes in the world.
After a fascinating introduction explaining the history of the
discovery of the area, and notes on the natural history and human
occupation, around 100 pages deal with the facies,
lithostratigraphy and sequence stratigraphy, as well as the role of
tectonics in platform development, the diagenesis and burial. The
next section deals with the conglomerates, an interesting story
one rarely hears about – of coarse clastics being supplied from
the nearby Precambrian Kimberley block, deposited in alluvial fans
and fan deltas, and interfingering with peritidal carbonates. Of
note is their interpretation of these as highstand facies, rather
than lowstand as one might have thought, and linked to active
regional tectonism.
The section on metre-scale cyclicity in the Pillara Limestone will be
of wide interest since we are still trying to fathom the causes of
such cycles. The ones here are quite typical for the Devonian,
many shallowing-upward and subtidal-dominated, others peritidal

with tidal-flat facies. However, in view of the close source of the
clastics, many are mixed, with shallow-subtidal, often
stromatoporoid-rich limestones, passing up into terrigenous
deposits of shoreline, mud flat and fluvial facies. The cycle
duration in the Pillara Limestone is in the range of 12-20 kyr, and
cycles are bundled into ‘megacycles’ (parasequence-sets), always
a good argument for orbital forcing. However, local tectonic
influences were also significant.
There are both epi- and syn- genetic mineral deposits within the
limestones, and Pb-Zn deposits of the MVT-type have been
worked in the past. Of particular interest are the exhalative
mineral deposits, notably barite, and the associated microbial
precipitations – amazing stuff – a great story of cool-water
venting on the seafloor, thriving bacteria and mineral
precipitation. The barite is intriguing – forming ‘shrubs’ of fibrous
crystals and plumose structures, and closely associated with
stromatolites, mostly composed of radiating fibrous calcite.
For me the most remarkable aspect of the Canning Basin is the
role of the Permian glaciation, which created much of the
landscape we see today. The famous gorges of Windjana and
Geikie are reckoned to be sub-glacial melt-water channels; many
of the karst features – solution dolines, karst corridors, limestone
towers and arches, even the cave systems – are also partly a
consequence of the Permian glaciation. The Permian karst scenery
has been altered somewhat since then of course, but in a quite
minor way. Clearly then, and not just here in the Canning Basin,
karst scenery is often much older than one would imagine – and
certainly many areas of karst are really palaeokarst. It is difficult
to imagine out there in the outback that, 280 million years ago,
the whole area was covered by ice, of which we can still the
effects in the landscape today.
The last section describes the main localities of the Devonian
strata with maps and details of what to look out for. The Bulletin
includes eight maps of the various areas at scales from 1:25,000
to 1:500,000, invaluable if you are visiting the area. It will be of
wide interest; anybody working on reefs of any geological age
should have a copy, and it is not just for carbonate
sedimentologists either. People interested in the geography, the
landscape, or the people, will also get much from this book. It
should be on the recommended reading list for students – it will
show them how diverse the sedimentary record is, how beautiful
limestones are. Buy the book and, if you get the chance, go-see!
The authors, the GSWA, publishers, all those involved, are to be
congratulated on producing such a fabulous volume.

Maurice Tucker, Durham University
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Earthquakes in the
Mediterranean and
Middle East
Nicholas Ambraseys
Published by: Cambridge
University Press
Publication date: 2009
ISBN: 978-0-521-87292-8
List price: £120.00
947 pp
www.cambridge.org
One of the things that appeals about historical seismology, is the
way it undermines the popular prejudice that history is an ivorytower discipline. It comes as a surprise to many to find that
professional historians work hand-in-hand with seismologists on
issues relating to earthquake hazard and the safety of the modern
built environment. One cannot properly appreciate the seismic
cycle using only the short instrumental record, so extending
earthquake catalogues back in time using historical data is of vital
importance.
One of the champions of historical seismology over at least the
last 30 years is Nick Ambraseys, who has already advanced the
subject considerably with books on the earthquakes of Iran, the
Arabian Peninsula, Turkey and Central America, not to mention
many papers. Now comes his most ambitious volume yet, for an
area both highly seismic and of great economic and political
importance - covering Greece, Turkey, the Balkans and part of
Iran, from 28-43o N and 18-45o E.
The bulk of the work is a descriptive catalogue of earthquakes
from the very earliest times (starting with whatever hit Sodom

and Gomorrah) to 1899, each earthquake being represented by a
précis of source materials in translation, together with the
author’s comments. Attention has been paid to itemising fake
events – important, as otherwise they are likely to be readmitted
to the canon by later workers “rediscovering” them. Pictorial
material is included where possible, and the result is a rich
compendium of material for future studies.
A great deal is to be learnt, also, from the author’s pithy and
sometimes acerbic remarks in the introductory sections – I
particularly enjoyed the favourable comparison drawn between
the work of one Victorian scientist working alone (actually his son
was helping him) and the results of some heavily-funded multiauthor studies of the 20th Century. The parametric catalogue
giving latitudes, longitudes and magnitudes is supplied as a
download from the CUP website (supposedly – it was missing
when I tried to access it), and while it can be useful to have a
digital version of this, it should really have been included within
the volume as well, as downloads cannot be relied on. Some
additional maps of individual events would also have been
welcome, though perhaps the editors balked at increasing the size
of this hefty volume any further. Presenting composite maps at
the back of the book, plotting all the place-names referred to,
does not make it easy to follow the descriptions of specific
earthquakes.
Anyone with any interest in historical earthquakes will want this
volume without hesitation; and rather a lot of seismologists,
engineers and planners could learn from the introductory sections.
For me this work has the qualities of any good reference work: it
rewards dipping into at random for a short read. Production
values are excellent, and it is to be hoped that the high price tag
will not deter too many readers.

Roger Musson, Edinburgh

A major Lyell Collection benefit for Geological Society Fellows
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 Features all Special Publications, Memoirs and
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BGS OpenGeoscience
The British Geological Survey is now offering geological maps,
photos and much more, free on the web, says Keith Westhead*
The BGS is leaping ahead in the release of free
online materials with the launch of
OpenGeoscience (www.bgs.ac.uk/opengeoscience).
This is a new free web service, where users are
able to view high resolution geological maps,
download photographs and other geoscience
information. People are free to use
this information in any way they
wish in support of their teaching,
research and other noncommercial activities.
In its first release, OpenGeoscience
provides the BGS Digital
Geological Map of Great Britain at
the 1:50,000 scale (DiGMapGB50) for free viewing and access via
a web map service (WMS). This
will include availability of the map
through the OneGeology
(www.onegeology.org) portal.
DiGMapGB-50 represents the
culmination of 175 years of
geological mapping in Great
Britain, and its free release via
OpenGeoscience is a major step
forward in increasing access and use.
Not only this, but it also includes a new
photographic database, GeoScenic, with almost
50,000 high quality photos at high (1000-by1000-pixel) resolution. There are a range of
special images collections, such as, “Best of BGS
images”, the British Science Association’s major
historical collection of Earth science field
photographs and Dr R Kidston’s Carboniferous
plants (scanned from the original glass plates).

will continue to be enhanced during 2010, with
further significant releases of digital materials –
for example, scanned borehole-records
information for viewing. Also included will be a
new range of INSPIRE-compliant data discovery
(INSPIRE is an EU directive that promotes
sharing of spatial environmental
information among public sector
organisations) and view services
of BGS datasets starting with the
layers currently available within
the BGS GeoIndex application
www.bgs.ac.uk/geoindex.
Professor John Ludden, BGS
Director, says: “OpenGeoscience is
an exciting initiative that will
enable the BGS to meet its
objective of providing modern
geoscience knowledge and
services for the UK’s national
good. Through OpenGeoscience the
BGS will show the world the
wealth of information it holds.”
OpenGeoscience complements and
enhances an already strong range
of services and delivery routes for BGS
geoscience information. For example, a range
BGS digital materials is already available to the
HE sector for download through the EDINA
Digimap service (www.edina.ac.uk/digimap) in
support of teaching and research. In addition to
this, BGS also produces a free bespoke package,
GeoScholar, which offers a wide range of digital
teaching materials about classical areas of UK
geology Britain, targeted at HE institutions.

Professor Paul Smith, Head Geography, Earth &
Environmental Sciences at Birmingham
University, says: “The amount of online material
provided for educational purposes by BGS has
increased very considerably over a short
timescale, and has the capacity to transform the
way in which geosciences are taught in
universities.”

Re-use of BGS materials in the business sector
continues to be served through a range of highly
successful fee-paying services, such as BGS
GeoRecords and GeoReports, and Digital Data
Licensing services available from the BGS and
commercial resellers.

OpenGeoscience is an acceleration of a process
which has already seen an opening up of online
provision of BGS digital materials. The service

* Dr R Keith Westhead is Head of Information
Delivery, British Geological Survey, and is based in
Murchison House, Edinburgh.
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Earth’s hottest place
How to build a 3D volcano: Dougal Jerram and Steve
Smith take laser scanning to the very edge, and build
the ultimate 3D volcano…
Location of the Afar triangle and the rifting plate boundaries.

The East African rift and the Danakil desert in the Afar region of Ethiopia conjure up images of grand
scenery, melting sunsets and the mysteries of the Afar tribal warriors. This is a truly special place where the
mountains meet the sea, and rifting of two tectonic plates drives the birth of a new ocean. It is home to
countless volcanoes, faults and fissures as well as a striking variety of animals and humans who have
adapted over time to the notoriously harsh environment. Our aim during a three-week trip at the end of
2007 was to visit active fissures and volcanoes as part of a popular TV programme, and to capture these
remarkable features using the latest 3D laser scanning technology - a virtual volcano hunt.
A 3D laser scanner provides the opportunity to create true ‘virtual’ outcrops. By firing millions of
laser-points towards the real outcrop, the scanner is able to record the position of the objects
in front of it. In essence, it captures a 3D photograph, from which we can build high
resolution geological models at a variety of scales. The scanner creates a ‘point cloud’
- a collection of millions of points defining the 3D environment , and then uses
digital images taken using a conventional camera, specifically calibrated for the
scanner, to colour the point cloud, ultimately generating a virtual 3D picture
at millimetre resolution.

Journey to Afar
Arriving in the hottest place on Earth is no mean feat. A three-day
camel ride from the mountains of the Ethiopian Plateau to a
barren desert some 100m below sea level marks just the
first leg of the journey. There, in the Danakil Depression,
lie some of the most extensive salt flats on Earth, a
precious commodity that has been mined and
traded for thousands of years. With camels
loaded with over 80kg of scanning equipment,
we then headed off in search of the main
geological highlights of this expedition.
Our first target was the Dabbabu fissure, a
steaming gap in the Earth’s crust. We
would then set our sights on the final
goal, the ascent and then descent into
Erta Ale, one the oldest and most active
lava lakes in the world.

Scanning an outcrop
involves the scanner
measuring millions of xyz
points and colouring them
with their true RGB colour
from a digital photo. A
computer is used to stitch
several scans together
and further process data.
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The Dabbahu fissure is a gaping wound in the Earth created virtually overnight in September
2005 by rifting and a volcanic eruption. As we approached the edge of the fissure we were
presented with a sight straight from a Hollywood movie. The scale was unimaginable, and you
really felt that the Earth could just tear itself apart. We managed three scans around the
fissure’s edge before being beaten back by noxious gases.

Erta Ale – hell’s gate or geological heaven?
Erta Ale is one of the oldest and most active known lava lakes, and gazing down into its fiery
cauldron one can imagine why in Afar legend it is known as the ‘Gateway to Hell’. After
enduring another long trek we found ourselves camping at the edge of the summit caldera,
which hosts the north and south pit craters. The south crater contains the active, bubbling lava
lake, glowing red at night and constantly turning over like boiling porridge. Our objective was
to capture the first 3D laser scan from within an active volcano. We began to position scans
around the caldera and along the rim of the crater. The final scan was the key to unlocking
Erta Ale’s secrets and bringing the 3D model to life, but it would be a daring one - involving
an abseil into the crater itself.
After enduring three weeks of dust and camel spit, as well as experiencing wonder and
amazement at the Danakil desert and the humour and resilience of the Afar people, we were
at last dangling over the edge of a live volcano. It is almost impossible to convey the effect of
that mix of adrenaline (during the abseil) and the eerie calm that prevailed as we touched
down on the crater floor. It was the culmination of a journey that had tested the limits of our
capabilities, united strangers who would leave as friends, and provided so many wonderful
experiences.

The final scan
To get the full 3D crater of Erta Ale we needed to scan around the crater from the very rim
(roped up for safety), and finally we would need to get both ourselves and 80kg of kit down
into the lower ledge of the volcano fort that vital all-important final scan required for the
complete 3D model.
The final 3D models represent the first ever laser scans of Dabbabu fissure and of live active
lava lake, Erta Ale. These 3D models provide snapshots of exactly what these features were
like at the time, and will form the basis of which our future understanding of how these
structures develop in years to come.
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In Brief
Laurels for
Ardi
Joe McCall finds yet
more news from Afar…
The Afar area in Ethiopia seems unable to keep out of the
news. Leaving aside the question of whether there is a new
ocean forming there1 (see p. 12, this issue) yet another major
discovery of hominid remains has upstaged the famous ‘Lucy’
and completely altered our conception of our ancestry.
Researches through the 1990s
uncovered more than 100 fossils of
a ~4.4Ma creature named
Ardipithecus ramidus2,3, including a
near-complete skeleton. This
predates ‘Lucy’ (also discovered
there) which was only 3.2 million
years old.
A. ramidus is not the oldest known
hominid. There is an older thigh
bone dated at ~6Ma named Orrorin
tugenensis, from the Chemeron
Formation (which Baker, Walsh and
McCall recognised and named4
when they discovered that Leakey’s
‘Kamsia Formation’, Baringo
District, Kenya, supposed deposits
of a huge pre-existing lake, was
actually two formations, laid down
millions of years apart). There is
also a skull from the Chad region,
Sahelanthropus tchadensis, dated at
~7Ma; but the wealth of A. ramidus material recovered has
allowed a complete reassessment of the story of our
ancestors. This new hominid stood 120cm tall and had a small
brain - equivalent to that of a female chimpanzee - at ~300
cubic centimetres.
This discovery puts to rest the notion, which has plagued us
Darwin’s time that a chimpanzee-like “missing link” would
one day be found. Chimpanzee anatomy and behaviour is
now largely irrelevant to our beginnings. The second
important point is the creature’s bizarre method of
locomotion. Its feet, legs and hands suggest that it was a
biped on the ground, but moved as a quadruped in the trees.
The big toe splays out like an ape’s, the better to grasp the
trees; but modifications to its toes allowed it to walk bipedally
(though less efficiently than ‘Lucy’). Even in the trees, A.
ramidus, was nothing like a modern ape, walking there on its

palms. This represents an intermediate stage in our
evolution, which no one hitherto suspected.
The team also found ~6000 animal fossils, including monkeys
and antelope, which lived in forests, including figs and palm
trees, at that time. This apparently sounds the death knell of
the ‘savannah hypothesis’, which holds that primitive
hominids walked upright because forest gave way to
grassland. However William Jungers, of Stony Brook
University, New York State has reservations about its
bipedality. “Divergent big toes are associated with grasping,
and this has one of the most divergent big toes you can
imagine: why would an animal fully adapted to support its
weight in the trees elect to walk bipedally on the ground?” he
asks.
Well, one school of thought
attributes the adoption of
bipedality to the adoption of
monogamy(!), so clearly there
will be arguments about A.
ramidus for years to come.
However there is no question
that these finds are of the
greatest importance. Alan
Walker, of Pennsylvania State
University, who is not one of the
team, remarked that: “It shows
that the last common ancestor
with chimps did not look like a
chimp, or a human, or
something between.”
The finds were announced in
joint press conferences in
Washington and Addis Ababa
and published in a set of papers
in a special issue of Science.

1. McCall, G J H 2006. Tales from Afar.
Geoscientist 16(7), 8-9.
2. Shreeve, J Oldest skeleton of human ancestor found
www.news.nationalgeographic.com/news
3. Wayman, E 2009. Before Lucy: older hominid Ardi
challenges thinking about human evolution.
Earth 54(12), 8-9.
4. McCall, G J H, Baker, B H , Walsh, J 1967. Late Tertiary and
Quaternary Sediments of the Kenya Rift Valley. In:
Bishop, W.W. & Clark, J. Desmond, eds., “Background to
Evolution in Africa”. The University of Chicago Press,
Chicago and London, pp 191-220.
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Bridging

the energy gap
Can non-conventional oil hope to fill the looming energy gap?
David Strachan investigates.
The oil crisis is not dead, only
sleeping, according to a gathering
consensus. The price may have
collapsed from the all-time high of
$147 per barrel to around $75 today, as
the recession grinds away at demand
for crude; but nobody expects that to
last once the economy recovers.
Analysts Goldman Sachs predict oil
will cost $95 by the end of 2010, while
Deutsche Bank forecasts $175 by 2016.
The International Energy Agency
(IEA), the OECD’s energy watchdog,
also predicts a “supply crunch” around
the middle of the next decade.
Yet there is no shortage of oil – at least
not underground. Conventional crude
is substantially depleted, with
estimates of 1.2 trillion barrels of
proved reserves remaining. But
conventional reserves are dwarfed by a
whole range of non-conventional
resources, such as the Canadian tar
sands, oil shale, and synthetic liquid
fuels made from gas or coal, which
according to the IEA expand the total
oil resource to nine trillion barrels
(see graph). And so far the nonconventionals are almost entirely
untouched. So how could there
possibly be an oil supply crunch, let
alone peak oil, any time soon?
The trouble is, non-conventionals are
so called for a reason, and traditionally
need large inputs of energy, water and
money to get out of the ground and
turn into anything useful like diesel or
jet fuel. As a result, non-conventional
oil production currently amounts to
less than 1.5 million barrels per day
(mb/d), of a total 85mb/d.

But now a clutch of emerging technologies promises to solve some of those problems and
allow non-conventionals to be produced much more cheaply with far less energy and water.
According to Julie Chan, VP Finance at E-T Energy, a Canadian company developing a way to
produce bitumen from the tar sands by sending an electric current through the reservoirs,
“Canada could eclipse Saudi Arabia”. So are non-conventionals about to ride to the rescue,
and confound the peak oil doomsayers for decades to come?
The only significant non-conventional oil production today comes from the Canadian oil
sands, and so far most of the bitumen has been extracted from huge mines run by operators
such as Shell, Suncor and Syncrude. But mining is expensive, and new projects need an oil
price of $80 to make a 10% return. The process also requires huge volumes of water, yet the
industry is already reaching the legal limits of what can be drawn from the Athabasca River
in winter. Worse, mining is only possible for deposits less than 75m deep – and that’s just
20% of the total resource.
The rest has to be produced using newer in situ techniques like Steam Assisted Gravity
Drainage (SAGD), where steam is injected into a horizontal well to melt the bitumen, which
then flows down into a lower well to be pumped out. This is cheaper and uses much less
water than mining, but far more energy – usually in the form of natural gas - because of the
need to raise steam. An industry-sponsored report found in 2005 that if oil sands
production rose to 5mb/d by 2030, it would devour 60% of western Canada’s entire gas
supply, which it described as “unthinkable”.

According to the Energy Watch analysis, world coal production will peak in around 2025. In that case
output would undershoot official forecasts from the International Energy Agency’s World Energy Outlook
(WEO) by a substantial margin. Source: Energy Watch Group
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But now new technologies are being
developed that promise to relieve some of
the constraints. Nexen, a Canadian oil
company, has developed a new twist on
SAGD by dispensing with natural gas as
fuel, and using some of the produced
bitumen to generate energy instead. At its
Long Lake site, the company gasifies
asphaltines - the heaviest fraction of the
bitumen - to make a synthetic gas, which is
used to raise steam for SAGD, and produce
hydrogen to upgrade the bitumen on site
into high quality synthetic crude oil. This
makes the process cheaper and energy selfsufficient, even generating surplus power to
export to the grid. The company aims to
expand production from the current 14,000
barrels per day to 60,000 b/d by 2013.
Toe-to-Heel-Air-Injection (THAI) takes a
similar approach, but does the burning
underground. THAI involves a horizontal
production well, paired with a vertical
injector well drilled close to its ‘toe’. To start
with steam is pumped down both wells to
heat the bitumen until it is hot enough to
combust spontaneously when exposed to
air. Then the steam is turned off, and air
pumped down the injector well to create a
‘fire front’ that moves slowly through the
reservoir from the toe of the production
well towards the heel, burning the
asphaltines at temperatures of up to 500°C
and melting the rest of the bitumen to flow
into the well. The intense heat partially
upgrades the bitumen so it emerges lighter
than normal, meaning it needs less refining
later. The process uses much less gas and
produces a net surplus of water.
Another new approach is not to burn the
bitumen underground, but to zap it with
electricity, using a technique called ElectroThermal Dynamic Stripping Process (ETDSP). A grid of vertical wells is drilled into
the oil sands, each containing three
electrodes. Current is conducted between
the wells through groundwater, and the
resistance heats the bitumen to flow into a
production well in the middle. Changing
the voltage gradient between the electrodes
allows the operators to direct the electric
field to heat the richest parts of the
reservoir. Any water that comes up is reinjected to maintain conductivity, and
because the process runs on grid electricity,
there’s no need for natural gas.
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Northwest Europe Steam Coal Marker Price. Source: McCloskey Group.

Top 10 coal producing countries. Source: World Energy Council, Survey of Energy Resources, 2007

Top 10 holders of proved recoverable coal reserves. Source: World Energy Council, Survey of Energy
Resources, 2007

So with huge reserves and new technologies, can the oil sands put off the oil crunch?
Surprisingly, promoters of the newest technologies are skeptical. Bruce McGee, boss of ET Energy, the company behind ET-DSP, stresses the massive investments that will be
required even to reach industry estimates of 5 mb/d by 2030, and doubts whether output
can be raised significantly further. Chris Bloomer, his counterpart at Petrobank Energy
and Resources, the company developing THAI, agrees: “The oil sands are not going to
solve the world’s oil supply problems”.
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industry overheated, suffering widespread skilled
labour shortages, double-digit inflation and endemic
project delays. Jackie Forrest, who project-managed the
report for IHS CERA, says “we believe that’s really
pushing it”.
THAI and ET-DSP may help relieve resource constraints
and bring costs down in future, but IHS CERA estimates
it will take between five and 15 years to commercialise
the new technologies. “It could be a decade before it is
used in enough reservoirs to contribute meaningfully to
production”, says Forrest. And that’s well beyond many
forecasts of the next oil crunch.
US oil production since WWII. Source: IHS Energy

UK coal production peaked as long ago as 1913.
Source: Prof Dave Rutledge, Caltech.

In the meantime, any growth will depend on older,
more expensive methods that are vulnerable to volatility
in the oil price. Since the price slumped from its peak of
$147 last year, oil sands projects totaling 1.7mb/d have
been cancelled or delayed indefinitely, according to the
IEA. If oil price volatility persists, as many analysts
predict - with shortage leading to a price spike, leading
in turn to recession and low oil prices again - the drag
on oil sands development could become chronic.
Len Flint, of Lenef Consulting, which specialises in the
tar sands, thinks output will still rise to 2mb/d by 2012
because of projects that are too far advanced to cancel,
but acknowledges the risks to growth further out: “any
volatile prices in which there may be a collapse
inevitably curtails the development of the oil sands”.
Others take comfort from the oil price recovery from
around $35 at the beginning of this year to around $70
today. “There’s been a probably structural uplift in
where the pricing should be, and that’s encouraging”,
says John Broadhurst, VP Development & Technical
Services for Shell Canada. The company, which
currently has 215,000 b/d in mining and SAGD
production, is in the process of expanding output by
100,000 b/d, but a subsequent expansion is on hold.
Of all the supermajors Shell has most riding on the tar
sands, and the company believes non-conventional oil
will make up for declining conventional supplies, at
least for a time. But they don’t pretend it will be easy.
“It’s going to be a challenge because these are more
challenging hydrocarbons to deliver” says Broadhurst.

Hubbert linearisation of UK coal production, using the same data as above.
Source: Prof Dave Rutledge, Caltech

That view seems to be supported by the findings of a recent report on the oil
sands’ growth prospects from analysts IHS CERA, after consulting widely in
the industry. In its most optimistic scenario, “Barreling Ahead”, in which the
industry is supported by strong demand, firm oil prices, and government
policy, oil sands output reaches 6.3 million barrels per day in 2035. But to
get there, the report assumes production capacity would rise 200,000 daily
barrels every year, twice the growth rate between 2005 and 2008, when the

The challenges for other forms of non-conventional oil
production are even greater. Shale oil is another
potentially massive resource, with over 2.5 trillion
barrels in place, and has been used to produce oil since
before the conventional industry took off in the late 19th
Century. But production has dwindled since 1980, and
today its only significant use is as power station fuel in
Estonia (Geoscientist 17.2 Shale of the Century pp22-27).
The basic problem is that ‘oil shale’ is a misnomer. The
sedimentary rock contains no oil, only an organic
substance called kerogen bound in a mineral known as
kukersite, and to produce oil you need to heat the rock
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C02 emissions and peak concentration in Rutledge’s producer-limited profile are
lower than all 40 IPCC SRES scenarios. Source: Professor Dave Rutledge, Caltech

to 500°C until the kerogen decomposes into synthetic crude and a solid
residue. Traditionally that has meant digging the shale up and baking it in
a huge oven, which is energy-intensive and expensive. So what’s needed
is an in situ production method, like those developed in the oil sands
Three quarters of the global shale resource lies in Colorado, Utah and
Wyoming, and the Obama administration has recently re-started the
process of leasing Federal land for shale oil R&D. A number of ingenious
technologies are being developed to heat the shale underground including microwaves, high temperature gas injection, and radio waves
combined with supercritical CO2 – and then extract the resulting oil
using conventional oil wells. But all are in their infancy.
Shell has done more work than most on its extraordinary shale In Situ
Conversion Process. Electric heaters are lowered into 2000-foot vertical
wells and left to heat the shale to 300-400°C for several years, converting
its kerogen into oil, which is then pumped out. At the same time the
perimeter of the production area is frozen to the same depth using wells
refrigerated with ammonia to prevent groundwater contamination.
However, even after 25 years’ R&D the company will not be ready to
decide whether to commercialise the technology until the “middle of the
next decade and possibly later”. The IEA estimates shale oil would cost
between $50 and $100 to produce, more when any future carbon penalty
is taken into account, and the Agency expects no significant shale oil
production this side of 2030.
Carbon regulation hangs over all non-conventionals, partly because the
additional energy required to produce and refine them generally makes
them more carbon intensive than conventional crude - although by how
much is disputed. Greenpeace argues that producing and upgrading a
barrel of bitumen emits up to five times as much as from a conventional
barrel, while the industry insists that in terms of lifecycle emissions –
including refining and end-use – the difference is only 5-15%.
Whoever is right, the tar sands will be penalised if President Obama
makes good his pledge to follow California and introduce a nationwide

The impact of peak oil and a deliberate policy of carbon capture for coal emissions
produce emissions profiles lower than all six IPCC marker scenarios. Source:
Kharecha, P.A., and J.E. Hansen, 2007: Implications of “peak oil” for atmospheric
CO2 and climate.

Low Carbon Fuel Standard (LCFS), requiring a 10% cut in the
average carbon intensity of fuel by 2020. “If the US goes ahead with
the LCFS, it will slow down the development of the tar sands”, says
Professor David Keith, of the Department of Chemical and
Petroleum Engineering at the University of Calgary.
Non-conventionals would also be hit by the spread of carbon
pricing, especially coal-to-liquids (CTL), which has twice the
lifecycle emissions of conventional crude, of which less than half –
the upstream portion - could be removed by carbon capture and
storage (CCS). Production today is negligible at 160,000 barrels per
day, but the IEA estimates that producing CTL costs up to $60 per
barrel, to which a carbon price of $50 per tonne would add another
$30/bbl. CCS would add yet more expense.
As the obstacles to expanding non-conventional oil production
accumulate, the challenge of replacing conventional oil looks ever
more daunting. A major study published in October from the UK
Energy Research Centre entitled Global Oil Depletion: An assessment of
the evidence for a near-term peak in global oil production, found that
output from conventional oilfields is declining at four percent,
meaning we have to add three million barrels per day of new daily
production capacity every year just to stand still – equivalent to a new
Saudi Arabia coming on stream every three years. They also found a
‘significant risk’ that conventional production will peak before 2020.
So what chance do non-conventionals have of filling the deficit? Not
much, according to Steven Sorrel, the report’s lead author. “If
everything goes well the oil sands might produce 6mb/d in 20 years’
time, but by then we’ll need to add at least 10 times that much
capacity without allowing for any growth in demand. So it’s very hard
to see non-conventionals riding to the rescue. We haven’t
demonstrated it in the report, but I think it’s likely that conventional
peak oil will turn out to be peak oil full stop”.
Still, there may be a silver lining: if non-conventionals cannot defer
peak oil, they will do that much less damage to the climate. 

*David Strahan is an energy writer and author of The Last Oil Shock. www.lastoilshock.com He is a Trustee of the Oil Depletion Analysis Centre, loves his
allotment and swims 100m freestyle in 1’25. ©David Strahan
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Non-conventionals - a summary
Mining: The bitumen is dug up, transported
in 400-tonne trucks, rinsed in hot water to
wash out the sand, diluted with light oils to
flow down a pipeline to an upgrader, and
lightened with hydrogen stripped from natural
gas to turn it into synthetic crude oil. Only
then is it ready to go to a refinery to be
processed into petroleum products as normal.
It takes the equivalent of one barrel to
produce 8, compared to 1:18 for conventional
crude. Production emissions are a third higher
than conventional, but emissions from the
end products are the same.
Production: 630,000 b/d: Energy return: 8x
(upgraded): CO2: 132kgCO2e/bbl; Water:
4bbls/bbl (net of recycling); Recovery factor:
80-90%; Economics: $80/barrel (new
projects)
Steam Assisted Gravity Drainage
(SAGD): Two horizontal wells are drilled in
the reservoir, one above the other. Steam is
pumped into the upper well to melt the
bitumen, which flows down into the lower
well and is then pumped to the surface. Uses
less water than mining, but far more energy.
Production: 580,000 b/d; Energy return:
4x (upgraded); CO2: 163kgCO2e/bbl; Water:
0.9bbls/bbl; Recovery factor: 25-60%;
Economics: $65-$75
SAGD with Gasification: The heaviest
fraction of the produced bitumen is gasified
to raise steam for the SAGD production
process, and provide hydrogen to upgrade the

bitumen into high quality synthetic crude. The
process is energy self-sufficient, and even
exports electricity to the grid.
Production: 60,000 b/d 2010; Energy return:
12.4; CO2: 200kg/bbl (upgraded); Water:
0.6bbls/bbl; Recovery factor: 43%; Economics:
Profitable at $50/bbl
Toe-to-heel-air-injection (THAI): First
steam is injected underground until the
bitumen is hot enough to ignite
spontaneously when exposed to air. Then air
is pumped down to create a 500°C ‘fire front’
that moves through the deposit, melting the
bitumen to drain into a horizontal production
well. The intense heat partially upgrades the
bitumen so it needs less refining than usual.
Production: 10,000 b/d 2012; Energy return:
48 (before upgrading); CO2: 60kg/bbl;
Water: 0; Recovery factor: 70-75%;
Economics: Profitable at $45
Electro-Thermal Dynamic Stripping
Process (ET-DSP): Electrodes are placed in a
grid of vertical wells, and current passed
through groundwater in the reservoir to heat
the bitumen, which flows into a production
well in the middle. Changing the voltage
gradient between the electrodes allows the
operators to direct the electric field to heat
the richest parts of the reservoir.
Production: 110,000 b/d, 2014; Energy
return: 21x (before upgrading); CO2: 70kg/bbl
(Alberta grid electricity); Water: 1bbl/bbl;
Recovery factor: 65%; Economics: Profitable
at $26

Oil shale In-situ Conversion Process
(Shell ICP): Electric heaters are lowered into
2000-foot vertical wells and left to heat the
shale to 300-400˚C for several years,
converting its kerogen into oil, which is then
pumped out. At the same time the perimeter
of the production area is frozen to the same
depth using wells refrigerated with ammonia
to prevent groundwater contamination. Shell
to decide on commercialisation around 2015
or later.
Coal-to-liquids (CTL): Established
technology for converting coal into diesel and
jet fuel, used by Germany in WWII and
introduced in South Africa under Apartheid
sanctions. Planes refueling in Johannesburg
today get a half-and-half blend of kerosene
and CTL jetfuel, and China has just built a
small plant in Inner Mongolia but suspended
work on another. Greenhouse gas emissions
are double those of conventional crude, and
producing a barrel of CTL takes up to 14
barrels of water.
Gas-to-liquids (GTL): Like coal, natural gas
can be converted into liquid transport fuels
using Fischer Tropsch technology. But it takes
up to 10,000 cubic feet of gas to produce
one barrel of diesel, so the process consumes
almost as much energy as is contained in the
product, and emissions are higher than
conventional crude. Production expected to
reach just 200,000 b/d in 2012, from plants
in South Africa, Malaysia and Qatar.

SOURCES: International Energy Agency, Alberta Chamber of Resources, Canadian Association of Petroleum Producers, IHS CERA, Lenef Consulting,
Nexen, Petrobank Energy & Resources, E-T Energy
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Society Business

Council meetings and OGMs
The dates for meetings of Council and Ordinary General Meetings until June 2010 shall
be as follows: Council: 21 April. OGMs: 28 January; 21 April

Elections to Council
2010-11
The October issue of Geoscientist
included a nomination form for new
members of Council for 2010, with a
closing date of 8 January 2010.
There are five vacancies.
Edward Derbyshire, Secretary,
Foreign & External Affairs, chairs the
External Relations Committee in
that role and is retiring from
Council. Council proposes that
Alan Lord, an existing member of
Council who also sits on that
committee, be elected to the office
of Secretary, Foreign & External Affairs
at the Annual General Meeting.
Council has extended the term of
office of Adam Law to four years
and proposes that he go forward for
election as Treasurer at the Annual
General Meeting in 2011 on the
retirement of Andy Fleet.
Iain Bartholomew, Vice President, is
retiring from Council. Council
proposes that, subject to the
agreement of the Fellowship, Colin
Summerhayes should succeed him
as Vice President and chair of the
Development & Fundraising
Committee and should serve as a
joint member of the External
Relations Committee and Science
Committee, thus providing a link
between them. Colin Summerhayes’
nomination is endorsed by Council.
Opposite and overleaf are the
statements of the candidates standing
for election, together with a table
showing the expertise of the present
Council (full biographies of
continuing members of Council are at
(www.geolsoc.org.uk/biographies).
Eleven nominations for Council have
been received, and a preliminary
ballot will be conducted, the results of
which will determine the ballot for
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the formal vote at the Annual
General Meeting on 2 June 2010.
Enclosed with this Geoscientist are:
• A ballot paper for the vacancies on
Council that have arisen from
retirements at the next Annual
General Meeting
• An envelope for returning the
ballot paper

Present Council
(2009-10)
PRESIDENT
VICE PRESIDENTS

Professor L Frostick
Dr I D Bartholomew
Professor S Marriott
Dr G W Tuckwell

SECRETARIES

Professor E Derbyshire
(Foreign & External Affairs)
Dr J P Turner
(Publications)
Professor D A C Manning
(Professional)
Professor P A Allen
(Science)

TREASURER

Professor A J Fleet

OTHER MEMBERS
OF COUNCIL

Mr M Brown
Dr M Daly
Professor C M R Fowler
Dr R Herrington
Dr R A Hughes
Dr A Law
Professor A Lord
Dr J P B Lovell
Professor J Ludden
Mr P Maliphant
Professor J D Marshall
Professor S Monro
Professor D J Vaughan
Mr N R G Walton

Instructions for Balloting
Voting online
Fellows are encouraged to vote
online by logging on at
www.geolsoc.org.uk/vote to register
their vote. Please follow the
instructions.
Postal voting
A postal ballot paper is enclosed for
those unable to vote online. Fellows
should enter a mark against the
name of each candidate they are
voting for to serve as ordinary
members of Council (up to five).
Papers with marks against more
than five names will be invalid. The
ballot paper should be placed in the
envelope provided (marked “Ballot
Paper Only”), which should be
sealed and returned to Burlington
House. The envelope must bear the
name of the Fellow written legibly
on the back and must reach the
Society not later than 31 March
2010. Envelopes without the name
of the Fellow will not be opened and
the vote will be invalid. No other
communication of any kind should
be included in the envelope.
NOTE: Fellows may only vote once,
either by electronically on the Web
site or by returning the postal
ballot.

Retiring members
of Council
Dr I D Bartholomew
Professor E Derbyshire
Professor C M R Fowler
Professor L E Frostick
Professor J D Marshall
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Supporting statements for Council
nominees
Samantha Brough

Nominees for the
new Council
(2010-2011)
Dr J P B Lovell
Dr S Marriott
Dr C P Summerhayes
Dr G W Tuckwell
Professor A Lord
(Foreign & External Affairs)
Dr J P Turner
(Publications)
Professor D A C Manning
(Professional)
Professor P A Allen
(Science)
Professor A J Fleet
Mr M Brown
Dr M Daly
Dr H Herrington
Dr R A Hughes
Dr A Law
Professor J Ludden
Mr P Maliphant
Professor S Monro
Professor D J Vaughan
Mr N R G Walton
Professor J D Marshall
Professor S Monro
Professor D J Vaughan
Mr N R G Walton

Nominations for Council
Miss S Brough
Professor R Butler
Dr C Carlon
Dr J C Cripps
Dr S A Gibson
Dr S Gupta
Professor J J Lowe
Mr H MacDonald
Dr I Sims
Dr C P Summerhayes*
Professor J H Tellam
*endorsed by Council

I am a young geoscientist working in the oil and gas exploration and
production sector, and hold a BSc (Hons) in Environmental Earth Science
from the University of East Anglia (2007). Since joining the Education
Committee this year, I have gained valuable insight into Society operations,
and the overwhelming desire to embrace new developments and promote
our passion to the wider scientific community.
These objectives reflect my own efforts to promote geosciences to younger
generations. I have been an active Geoscience Ambassador for several years through my voluntary
involvement in the STEMNET (Science, Technology, Engineering and Maths Network) Science Ambassadors
scheme. This nationwide scheme relies on its inspiring role models to promote these subject areas to, and
inspire, students of all ages in schools. In 2009 my commitment was acknowledged with an award for
being the “Most Dedicated Ambassador”.
My experiences as a Geoscience Ambassador have highlighted to me the importance of both encouraging
and supporting younger geoscientists within the Society, and the need to build a positive profile for the
wider community, where geosciences are under-appreciated.
I would be an enthusiastic representative for the growing body of younger geoscientists within the
Society, and would also be able to expand my role as an ambassador for the geosciences to younger
generations outside this learned community.

Proposer: I Bartholomew

Supporters: P Dolan, R Compton-Stewart

Rob Butler
After graduating in 1981 from Leeds and completing a PhD in Swansea
(1984), my career has taken me through Durham, the OU and back to
Leeds. In 2008 I took up a chair in Tectonics at the University of Aberdeen to
establish stronger collaborative links especially between university and
industry-based structural geologists.
Although my best-known research is from the Western Alps and Scottish
Highlands, I have worked extensively in Italy (where I have held various
honorary positions) the Middle East, Pakistan and currently New Zealand.
There I have been studying the deformation of continental lithosphere, especially the structure of thrust
belts. Much of my current research is directed at understanding the structural geology of submarine
slopes, from shear fabrics developed in the sea bed beneath turbidity currents, right up to the evolution of
deepwater fold and thrust belts.
Since 1980 I have been a Junior Associate and a Fellow, and have been honoured with a President’s
Award (1986) and the Wollaston Fund (1995). I currently serve on the Awards Committee and have
chaired the Tectonic Studies Group (1995-6). I am Director of the Virtual Seismic Atlas – an open-access
community internet resource that, while sharing the geological interpretation of seismic data, showcases
remarkable subsurface imagery. I also hold memberships of the American Geophysical Union, Geological
Society of America, Geological Society of New Zealand and the Petroleum Exploration Society of Great
Britain.
I am a passionate advocate of core geoscience skills – especially of excellent field training. I believe it is
important to promote the major advances in our science both for their own sake and for their societal
relevance. Funding councils and university managements should be encouraged to value more these
sustaining activities. The UK is blessed with excellent links between industry and academia that should be
fostered. Much remains for us to learn from each other. I look forward to creating an increasingly
inclusive and outward-looking Society.

Proposer: M C Daly

Supporters: P Styles, J Underhill
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Chris Carlon
I am Head of Geosciences and Strategy at
Anglo American plc., with responsibility for
business development, R&D and workforce
and talent in Anglo’s main core business
based on mineral exploration and
geosciences. I completed a BSc (Hons)
Geology degree at Swansea University (1969) and a PhD in mineralisation
and geochemistry at Manchester University (1975). After working as a
mineral exploration geologist with Consolidated Goldfields I joined BP as it
expanded its minerals business in 1980. This gave me a wide range of
international ore deposit geology experience including five years
exploration in Sweden with the discovery of the Lovisa zinc-silver deposit.
Ten years as a project- then senior- exploration geologist for BP Minerals
then Rio Tinto took me to over 30 countries and multiple projects for a
wide range of commodities. I spent several years managing projects in
Siberia and Mongolia in the early-mid 1990s when these regions opened
up to foreign investment. I joined Anglo American plc in 1999 and was Vice
President Exploration Europe-Asia 1999-2001, managing gold and base
metal exploration projects in Rajasthan, Iran, Sweden and Ireland. Most
recently I was Vice-President Exploration - South America when Anglo
American made major discoveries at Los Sulfatos in Chile (Cu) and Jacaré
in Brazil (Ni).
I am a Fellow, and sit on the Fellowship Committee of, the Society of
Economic Geologists. I am a member of the Society of Geology Applied to
Ore Deposits, the Earth Science Teachers Association and the Earth Science
Education Forum and participate as a UK Science Ambassador
(Geosciences) to UK schools as part of the STEMNET scheme.
Being a mineral exploration geologist for over 30 years develops a good
working knowledge of a very wide range of rock types, structures and
geological terrains. It also provides the experience of linking objective
academic studies and safely conducted practical geoscientific investigations
with the aims and objectives of resource companies, governments and local
communities. Through their specialist knowledge and practical experience,
geoscientists have the ability to inform and inspire the public and especially
young people in schools and universities. This is especially true in the areas
of resource availability and exploitation, environmental impact, climate
change and the need for science education which all now feature
prominently in the public consciousness.
I believe the Society has a pivotal role, and is admirably placed to address
and communicate Earth science aspects of these key issues. I welcome the
opportunity to contribute to this process as a member of Council.

Proposer: J Plant

Supporters: R Sillitoe, J Coppard

John Cripps
I am an engineering geologist and Senior
Lecturer in the Department of Civil and
Structural Engineering at the University of
Sheffield. My main research interests are the
engineering properties of mudrocks, including
the effects of pyrite on weathering processes
and in engineering applications. My research
also includes investigations into groundwater contamination, and rock
slope stability. I have supervised 15 postgraduate students and have
published 96 articles in journals, conferences and books, edited eight books
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and written 37 industrial reports. I am a member of the University Senate
and have well established research links with the Geological Survey of the
State of São Paulo, Brazil, in respect of methodologies for land assessment
for instability, groundwater pollution and reclamation.
I have benefited from close and valuable contact with the Geological
Society throughout my career, having been a Fellow since 1978 and a
Chartered Geologist since 1987. Between 1983 and 1987 I served on the
Engineering Group Committee and assisted in the organisation of annual
conferences and publication of proceedings. I was an editorial board
member and then Scientific Editor of the Quarterly Journal of Engineering
Geology (1987-1997) and also served on Publications and Awards
Committees. I was a member of the rock weathering (1990-95) and clays
(1998-2004) Engineering Group Working Parties.
It is vital that close ties between the Society, academia and industry are
made and maintained, particularly the geotechnical and geoenvironmental
sectors. We must engage in a continuous process of responding to new
challenges, such as those posed by climate change, infrastructure renewal,
changes in transport policy and new materials. We need to point out to
industrial and political leaders that a thorough understanding of geological
materials and processes is vitally important to economic, safe and
worthwhile engineering and environmental protection.

Proposer: M Culshaw

Supporters: R Allington, D Norbury

Sally Gibson
I have been a Fellow of the Society for 25
years and served on the editorial board of
the Journal for eight years. I have also
served on the Volcanic and Magmatic
Studies Group Committee. I am currently a
Senior Lecturer in the Department of Earth
Sciences at Cambridge University, following
postdoctoral research at Durham, PhD
research at Kingston and a bachelor’s
degree from Sheffield University. My main research interests are concerned
with the physical and chemical processes involved in the generation of
melts within the Earth’s mantle. This has involved research and
collaboration with scientists on almost all of the world’s continents. I am
also involved in outreach activities.
I believe the success of the Society has been a result of its progressive
approach and that this will be equally important in determining its future:
21st Century technology means that the Society has an ever changing role
and we need to ensure that it continues to be connected with the broad
geoscience community and understands the issues that concern it.
Furthermore, in times of changing environmental and political agendas, the
Society has a vital role in providing a united voice for geoscientists from
both academia and industry. I believe that in order to ensure a high-quality
science base for global research, exploration and energy conservation,
increased support and collaboration is required between these
communities. In seeking election to Council I would like to focus on
providing incentives for geoscientists to join the Society, raising its
international and public profile and strengthening links between industry
and academia.

Proposer: N Woodcock

Supporters: M Bickle, J Dawson
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Sanjeev Gupta
Learned Societies have an exceptionally
important role to play in modern
science. They serve to foster, promote
and protect disciplines which in our
current times may seem diluted. As we
enter a new decade, I would like to see
the Society become the breeding
ground of exciting new ventures in
Earth sciences, in particular by
promoting greater integration between sub-disciplines. The key to this
is hosting scientific meetings that tackle key scientific debates, and
also peer into the crystal ball. I would encourage and promote
meetings that pull together different branches of our field, and use
this to influence how we are viewed by other sciences. I also believe
we should explore novel ways to showcase our science to the public.
In this world of ever increasing science specialisation, the Earth
sciences remain exciting and accessible to people. We still preserve a
certain romance and it would be a shame not to exploit this.
I am a Reader in Sedimentology in the Department of Earth Science
and Engineering, Imperial College London. I was awarded the
Wollaston Fund of the Geological Society in 2008. My research
encompasses broad aspects of sedimentology, geomorphology and
stratigraphy. I use these tools to tackle a variety of problems ranging
from trying to understand how faults grow, to the evolution of
sedimentary systems in the English Channel, and more recently to the
reconstruction of sedimentary systems on Mars (a topic on which I am
co-editing a Society Special Publication). I collaborate extensively with
geoscientists in other disciplines, including marine geophysicists,
geochemists and numerical modellers. While my research addresses
basic science questions, the research has also had an impact on
industry. I teach field courses for industry, and my former research
students largely have found careers in industry. As a result, I believe I
have a broad knowledge of many of the current important issues in
the geosciences.

Proposer: P Allen

Supporters: J Bull, J Cosgrove

Joseph John Lowe
I am Gordon Manley Professor of
Geography and Director of the Centre for
Quaternary Research at Royal Holloway,
University of London. My research and
teaching interests are primarily
in Quaternary geology, with a major
focus on the development of highprecision (centennial to decadal) age
models, and the use of distal volcanic ash layers to constrain
chronologies. I have published extensively on Quaternary Earth science
and am co-author of a leading text (Lowe & Walker, Reconstructing
Quaternary Environments) now in its third edition. I am a Chartered
Geologist, and was awarded the the Coke Medal in 2003. I presently
serve on the Awards Committee.
I have extensive experience on NERC boards and committees,
including the Earth Sciences Training and Awards Committee (199196; Chairman 1993-96), Chair of thematic programme steering

committees, and membership of the Rapid Climate Change steering
committee (2001-07), the Peer Review College (2004-08) and the
BOSCORF Advisory Committee (current). I am currently a VicePresident of the International Union for Quaternary Research and was
formerly President of the INQUA Palaeoclimate Commission (1995-99)
and Director of the Integrating ice-core, marine and terrestrial data
(INTIMATE) project. I served as President (2005-08) and Vice-President
(1993-97) of the Quaternary Research Association and Co-ordinator of
IGCP-253, the North Atlantic Seaboard Project. Other committee
memberships include The Royal Society’s Earth Science Resource
Committee (1994-97), UK Co-ordinator of the PAGES PEP III (PoleEquator-Pole) programme (1998-01), UK representative on the
International Working Group of IODP (2000-01), and the Fleming
Award Committee of the Royal Geographical Society. I was the
founding editor (1985) and Special Issues Editor (1999-04) of Journal
of Quaternary Science and have been a long-standing member of the
editorial board of Quaternary Science Reviews.
I am committed to the promulgation of the role and importance of
Earth sciences in the current political and environmental agenda, and
would use the opportunity of serving on Council to strengthen
effective links and collaborations between the Quaternary and other
Earth ccience communities.

Proposer: I Fairchild

Supporters: S Kelley, M Menzies

Hugh MacDonald
I worked for BP for over 31 years until
retirement in 2009. My final position
was as a Head of Finance for BP’s North
Sea operations. My career exposed me
to different geological, political and fiscal
regimes in many parts of the world as a
geologist, exploration manager and
commercial manager in BP’s upstream activities – UK, Ireland, Norway,
Canada, West Africa, Australia. I have always been at the business
end of geology with the ultimate aim of ensuring the finding and
development of economically viable reserves, normally in joint ventures
with other oil and gas companies and with governments. I greatly
enjoyed this varied and broad-based career which has given me a
deep knowledge of the industry which I would expect to be of benefit
if I am elected. I am now helping the Geology & Petroleum Geology
Department at the University of Aberdeen to establish exploHUB, a
postgraduate programme in hydrocarbon exploration.
I graduated from the University of Glasgow in 1978 and attained
Fellowship at the same time. I was awarded Chartered status in 2003.
I am keen to explore with industry the benefits of chartered status and
what long-term development work is needed to enhance the value of
chartership to all Fellows so that young professionals see it as
something to which they aspire. In addition I am interested in
deepening and broadening the base level of public understanding of
the insights that our subject can give to major policy areas such as
resource development and climate change. I see the Society as a body
well placed to enhance public awareness throughout the UK.
After a long career in which I was a passive supporter of the Society I
am now ready to make an active contribution to its aims.

Proposer: S Archer

Supporters: A Fraser, T Goodwin
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Ian Sims
I have been a Society member for
39 years, graduated in Geology
from Queen Mary College, London
in 1972, and completed a PhD in
geomaterials. Since 1975, I have
worked with consulting engineers
specialising in construction
materials and their practical application worldwide. This has given me
invaluable opportunities to gain industrial experience, broaden my
materials scope and deepen my understanding of construction engineering
and the crucial role played by geologists. I am now Director for materials
consultancy and expert witness services with RSK STATS Limited.
I was always keen to support and participate in the Society’s learned and
professional objectives, gaining Chartered status in 1990. Affiliated to the
Engineering Group, I served on the Committee, acted as Secretary to four
successful Technical Working Parties over 29 years and was co-editor of
two Working Party report-books. I received the Engineering Group Award
in 2003. As a key part of my commitment to the maintenance of standards
of competence and conduct in our profession, I have long been a
scrutineer for chartered status and currently serve on the Chartership
Panel.
My early enthusiasm for the application of good geological science to
construction engineering remains undiminished and my commitment to
the Society has only been strengthened by experience. If I am fortunate
enough to be elected, I aim to use my personal journey to help inspire a
new generation of geoscientists, to promote continuous in-service
mentoring (from which I have benefited throughout my career) and to
reinforce my support for the professional recognition of geologists.

Proposer: P Fookes

Supporters: J Griffiths, I Hodgson

Colin Summerhayes
The Society needs to continue bridging gaps
between the disciplines and building links
with sister organisations abroad. I would
help Council ensure that its international and
interdisciplinary partnerships are as effective
as they need to be in this new age, and that
policy makers do not forget the geological
dimension to climate change. To that end I
can bring skills in major international project
management and in providing scientific
advice to policy makers, developed while working for seven years as a
UNESCO project Director, and for six years as Executive Director of the
Scientific Committee on Antarctic Research (SCAR) of the International
Council for Science. For SCAR I provide annual scientific advice to the
Parties to the Antarctic Treaty, based on all aspects of Antarctic and the
Southern Ocean science. In November 2009 I published with colleagues
Antarctic Climate Change and the Environment – to inform the debates at
the Copenhagen climate conference. I have also advised DTI, DEFRA, and
the Defence Research Agency.
As geologists are the first to appreciate, everything is connected; and I
take a holistic Earth System Science approach to scientific problem-solving
that enables me to work easily with scientists and engineers from a wide
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variety of backgrounds. Much of my work since leaving the oil business
(where I worked as a petroleum geochemist for Exxon in the late 70s and
as Stratigraphy Branch manager for BP Research in the early 80s) has
involved marine geological and geochemical studies on the role of the
oceans in climate change – past, present, and future. Given the Society’s
growing interest in the geological perspective on climate change I would
hope that my extensive marine scientific experience, for example as
Director of the NERC’s Institute of Oceanographic Sciences Deacon
Laboratory – now the core of the National Oceanography Centre,
Southampton - would add a new dimension to Council’s deliberations on
climate change. As current President of the Society for Underwater
Technology, a Chartered Marine Scientist, and a Fellow of the Institute for
Marine Engineering, Science and Technology, I can see fertile ground for
further collaboration between the marine science sector and the Society.
I hold a PhD in geochemistry from Imperial College and a DSc in geology
from Victoria University Wellington, NZ. I am a Chartered Geologist, a past
member of Council (1995-1997), former chair of the Marine Studies
Group, and editor of Special Publications 21 and 64.

Proposer: J Francis

Supporters: M C Daly, H Jenkyns

John Tellam
I am a professor of hydrogeology at
Birmingham University with about 30
years’ research and teaching experience.
My main research concerns the mobility of
inorganic pollutants in groundwater,
increasingly with an emphasis on
particulate pollutants, especially viruses
and manufactured nanoparticles. My
teaching has covered a range of subjects,
including hydrogeology, engineering geology, geophysics, and basic
geological fieldwork. Through research, the Hydrogeology MSc Course at
Birmingham, CPD courses, reviewing, and consultancy, I have strong links
with water industry regulation, supply, and consultancy organisations. I
have served as head of department at Birmingham Earth Sciences, on the
steering group of the UK Groundwater Forum, on the editorial boards of
two international journals, on NERC and EPSRC assessment panels, and as
a specialist adviser in the recent Research Assessment Exercise. Though I
have had no formal roles in the Society, I have benefited greatly from my
membership, and I feel it is therefore about time I repaid some of this
debt.
I believe the Society plays a very important role in the UK and, frequently,
the international, geological scene. Geoscience has often been
fundamental to humanity, but possibly never more so than at present. I
would be honoured, as a member of Council, to contribute towards
helping the Society to maintain and enhance its important role. In
particular, by applying both current stratagems and new technologies, I
believe that there are opportunities in many areas, from knowledge
transfer within Earth sciences and very importantly in both directions
between Earth sciences and other science and engineering disciplines, to
encouraging the acquisition of numeracy skills among geology graduates
and engendering enthusiasm for geology in schools, from primary age
upwards.

Proposer: D Peach

Supporters: M Walters, G Harrington
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Background of Council 2009-10
Name
Continuing 2010-11

Expertise

Background

Regional Group

Philip Allen

Sedimentology

Academe

South East

Malcolm Brown

Petroleum Geology

Industry

Thames Valley

Mike Daly

Structural/petroleum geology

Industry

South East

Andy Fleet

Geochemistry

Museum

South East

Richard Herrington

Mineralogy

Museum

South East

Richard Hughes

Information Management

Government

East Midlands

Adam Law

Petroleum Geology

Industry

South East

Alan Lord

Micropalaeontology

Museum

East Anglia

Bryan Lovell

Petroleum Geology

Academe

East Anglia

John Ludden

Geochemistry

Government

East Midlands

Paul Maliphant

Engineering Geology

Industry

Southern Wales

David Manning

Geochemistry

Academe

North East

Susan Marriott

Sedimentology

Academe

Western

Stuart Monro

Sedimentology

Museum

Central Scotland

George Tuckwell

Geophysics

Industry

Home Counties North

Jonathan Turner

Structural/petroleum geology

Academe

West Midlands

David Vaughan

Mineralogy

Academe

North West

Nick Walton

Hydrogeology

Academe

Solent

Council view
Over the next few months, Fellows will be voting for new members of Council. The
decision is no mere formality – Council members play a vital role in the future of the
Society - and of the Earth sciences, as Sarah Day finds out.
The Society’s Council is almost as old as the organisation itself - in fact,
although the Society’s Bicentennial is two years past, Council will
celebrate its 200th birthday this June - though perhaps not so publicly.
Candidates aspire to join a distinguished group: past Council members
have included such luminaries as William Buckland, Charles Lyell and
Charles Darwin. For those who are successful, membership offers a
unique opportunity to make sure that their particular interests and
views are represented, and members’ backgrounds are wide-ranging,
from academia to industry.
As Malcolm Brown, one of the newest
members, explains: “The strength of
the Council is the combined
backgrounds of the members – I will
be inputting as a representative of
the gas and oil exploration industry,
and also as a geologist who has
worked internationally. Other
members will have almost the reverse
background – primarily academic and
UK based. All views bring value”.

Brown

As well as serving on Council itself, members serve on one of the Society’s
standing committees, which deal with more specialist issues - such as
external relations, education, or finance. This offers an opportunity to pursue
specific interests, as Edward Derbyshire has found.
“During my term of office as Chair of the External Relations Committee, I’ve
taken personal responsibility for interacting with UNESCO and monitoring
the UK involvement in the International Geoscience Programme
(IGCP)….To be a useful Council member, you need to accept responsibility
for a specific line of action in which you’re interested and have experience
and views”.
As a recently elected member, Malcolm Brown is looking forward to the
opportunities ahead. “My particular interest is how we bring enough new
geology graduates through to replace the current working geologist
population. I’m still in my first six months, so finding my way a little. I think
it’s important to focus on a couple of areas you have enthusiasm for and
contribute there”.
Eva Valsami-Jones served on Council between 2006 and 2008, and was
equally motivated by the chance to contribute her experience and views. “I
stood for Council because I felt that my gender and area of expertise were
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underrepresented. I spoke up for environmental geology and
tried to help revive the Environment Group.”
For some, serving on Council is an opportunity to contribute
to the Society’s business activities as well as to the science.
“My main contribution”, says Nick Rogers (Publication
Secretary, 2005-09) “was to be involved with the
development of the Lyell Collection and the Lyell Centre, in
particular working on developing the business model for the
Collection. I learned a lot about electronic publishing and running a successful business”.
Lynne Frostick, President, chairs the Council and
previously served on Council as a Secretary during the
1990s. “I think I have helped to keep the GSL on its
course for change, and helped it to become more
externally focused and more businesslike. The business
planning process is now well established and our
media coverage is on the increase. I am also proud of
getting the lecture theatre named after our first female
President, Janet Watson - we needed something with a
female focus in the Society”.

“Being on Council does take up some time” admits Nick Rogers. “As with all things, the
more you put in the more you get out of it, and the more enjoyable and rewarding the
activity becomes”. Lynne Frostick agrees: “Being President does take up a lot of time - more
so than almost any other role. However it is very rewarding – I wouldn’t have missed it for
anything”.
“Any Earth scientist who gains benefit from membership of the
Society should be prepared to consider seriously any approach
that he or she should stand for Council” says Edward
Derbyshire. “There must be commitment and belief, relevant
experience and, above all, a feeling for the role of the Society
in nurturing the advancement of Earth science”.
Malcolm Brown agrees that Council membership is a way to
contribute to both the Society and the science itself. “After
more than thirty years working as a geologist, I felt I should
“give something back” rather than assume other people would
be doing it for me.”
For those voting for Council members, as well as considering standing themselves, the
decision is important. Whether making choices about strategy, external relations or
educational policy, members are representing the views of the Earth science community as a
whole, and contributing to discussions that will affect the future of Earth science in the UK.
“With the environmental challenges that face us, Earth science training in thinking across
time and space and the ability to observe and synthesise data across all sciences has never
been more important” says Lynne Frostick. “My advice is - always think about doing what is
best for our science and the next generation of geologists.”
For the group of scientists who first met two hundred years ago and declared their ‘main
object, that of discovering the geological structure of the Globe’, these words would not
sound unfamiliar.

26

Geoscientist

Scrutineers
wanted!
Bill
Gaskarth
writes: The

Frostick

Such achievements require commitment beyond attending the five annual Council meetings
themselves. The responsibility of Council membership can be daunting, as Council’s most
famous member, Charles Darwin found. Prior to serving as Secretary for three years in
1838, he listed his reservations as no less than: “my entire ignorance of English Geology”,
“my ignorance of all languages and not knowing how to pronounce even a single word of
French” and “the loss of time…I cannot look forward, with even tolerable comfort, to
undertaking an office without entering on it heart and soul”.

Derbyshire

Chartership

number of
Candidates
applying for
Chartered
Geologist status
continues to rise.
We had 32
applicants for the February Interview Day in
London, requiring us to put on ‘overspill’ days to
ensure that all would be interviewed in time for
election at the April Council meeting.
To look after this number requires a minimum of
32 Scrutineers, assuming each takes on two
interviews. Pressure on Scrutineers in the
London area is high, not only because of the
number needed for the London venue this time,
but also because any ‘overspill’ Candidates from
interview days elsewhere are dealt with by adding
extra interviews in Burlington House. To get 32
Scrutineers normally requires us to approach
around twice that number – which means that
around 25% of our pool of Scrutineers has been
contacted for this round of interviews alone. I
must therefore repeat my plea for more CGeols,
particularly those within an hour of London, to
offer their services as Scrutineers. We
particularly need folk with expertise in
Engineering Geology/Geotechnics, Hydrogeology
and Contaminated Land. You will find a short
application form on the website for you to
complete. Go to
http://www.geolsoc.org.uk/gsl/society/chartershi
p/scrutineers.

Guidance
Queries from candidates and observations from
scrutineers point to the need for more guidance
about producing the Professional Report, and the
Interview.
The Professional Report allows candidates to
show how their careers have developed to their
present position, and thus gained the learning,
skills, experience and levels of responsibility
befitting a Chartered Geologist. It should show
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Ne w s
that they have experience of planning, execution and reporting of
projects where they have had responsibility for their own work
and that of others, making them ‘competent persons’ in their
employers’ eyes. No more than six documents highlighting
candidates’ work, should be submitted to support the statements
in the Report. Scrutineers’ lifetimes are finite, and candidates
should not submit very large company reports in which their
contribution may only be a small part. The ability to be selective
is a measure of candidates’ professionalism.
In the Interview, candidates’ work will be discussed and judged
against the five criteria for Chartership. Please note that the old
criteria numbers five and six have been amalgamated as follows:
“Clear understanding of the meaning and needs of professionalism
including a clear understanding of the Code of Conduct and
commitment to its implementation.”
It is likely that the two-page Overview that must be produced
along with the Professional Report will lead the questioning in
interview. At the start of the Interview, candidates are invited to
give a 15-minute presentation to showcase their skills and
experience and demonstrate why they qualify as a professional
Geologist worthy of Chartered status.

Chartered Scientist (CSci)
The CSci qualification is available to Chartered Geologist
applicants. If you possess all the skills and experience necessary
to become a CGeol, then you will normally qualify for CSci status.
To streamline the process we encourage Fellows to apply for CSci
when they submit their CGeol application. Candidates have to
complete a separate application, but much of it duplicates the
CGeol application. Exceptions are twofold. First, to gain CSci
status you will be expected to explain your understanding and
application of the scientific method and to produce CPD records
for a minimum of two years (CPD is a compulsory requirement of
the Science Council). Second, you will need to demonstrate that
you have worked at Master’s level. If you do not have a higher
degree, you will need to show that work you have done, submitted
as supporting documents for your Professional Report, is the
equivalent of an MSc project. This should prove no obstacle, as
work demonstrating your competence as a Professional Geologist
will easily reach this standard.

Shell London
Lecture Series 2010
Carbon capture and storage:
our only hope to avoid global
warming?
Speaker: Martin Blunt (Imperial College London)
Date:
Wednesday 10 March 2010
While we may soon see a peak in the production of so-called “easy
oil”, unconventional resources and coal are more than sufficient to
push atmospheric concentrations well beyond their present level. To
avoid dangerous climate change, we need to tackle fossil fuel
emissions directly through the widespread implementation of carbon
capture and storage.
Professor Martin Blunt is head of the Department of Earth Science
and Engineering at Imperial College, which he joined in June 1999
as Professor of Petroleum Engineering. He has an MA and a PhD
(1988) in theoretical physics from Cambridge University.

Matinées: Tea and coffee 14.30; Lecture 15.00 –
16.00
Evenings: Tea and coffee 17.30; Lecture 18.00 –
19.00
Further information
Please visit our website www.geolsoc.org.uk/shelllondonlectures10.
Entry to each lecture is by ticket only. To obtain a ticket please
contact Alys Hilbourne. Due to the popularity of this lecture series,
tickets are allocated in a monthly ballot and we cannot guarantee
that you will get tickets when they are requested.
Contact: Alys Hilbourne, Event Manager, The Geological Society,
Burlington House, Piccadilly, London W1J 0BG, T: +44 (0) 20 7432
0981 E: alys.hilbourne@geolsoc.org.uk.

For a list of new acquisitions click the appropriate link from http://www.geolsoc.org.uk/gsl/info

From the Library

The library is open to visitors

Monday-Friday 0930-1730.

Do you have this book?
The Library’s copy of “An introduction to seismic interpretation” by R McQuillin [et al.] 2nd edition (1984) has
gone missing and the Librarian would appreciate its return – anonymously, if necessary!
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International Conference:

Carbon Storage
Opportunities
In The North Sea
24 - 25 March, 2010

The Geological Society, Burlington House, Piccadilly, London
REGISTRATION
NOW OPEN

Convenors:
Mike Stephenson
(British Geological
Survey)

Henk Pagnier
(TNO)

John Underhill
(University of
Edinburgh

Carbon capture and storage
has the potential to be the size
of North Sea oil and gas
industry and be worth more
than £2bn/yr and sustain more
than 30,000 jobs by 2030.
North Sea CO2 storage space
is estimated at more than
22 billion tonnes which is 180
years' emissions from the UK's
20 largest point sources. But
what are the geological factors
affecting how this space can be
used? How will geology inform
the regulators and the public
and what are the risks and
opportunities for the private sector?
Keynote presentations on:
• Role of the national geological survey
• UK and Dutch North Sea storage capacity
• North Sea and other international CCS hubs
Abstracts or sponsorship enquiries should be sent to steve.whalley@geolsoc.org.uk
For further information about this conference, please contact:
Steve Whalley, Event Co-ordinator: +44 (0)20 7432 0980
or email: steve.whalley@geolsoc.org.uk

At the forefront of petroleum geoscience
www.geolsoc.org.uk/petroleum
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Continuing Professional Development (CPD) Courses
•2-3 February - ESI Ltd - Geostatistics for Contaminated Land. Venue: Shrewsbury, UK. This course focuses on current UK guidance on
comparing contamination data with critical concentrations (SGV’s and similar). Contact: Course Administrator E: CoursesUKESI@esinternational.com W: http://www.esinternational.com/esi-courses.html
•10-12 March - Groundwater Protection and Restoration Group - The Migration, Characterisation And Remediation Of Non-Aqueous
Phase Liquids In The Subsurface. Venue – University of Sheffield, UK. This is the only Professional Development Short Course offered in the
UK dedicated solely to NAPL fate, transport and remediation. Contact: Pat Rayner T: 0114 222 5758 E: p.rayner@shef.ac.uk
W: www.shef.ac.uk/civil/shortcourses/
•16-17 March – ESI Ltd - Human Health Detailed Quantitative Risk Assessment. Venue: Shrewsbury. A practical course offering in-depth
knowledge of human health risk assessment including a review of the UK legislative framework, a full discussion of the common modelling
approaches and the interpretation of model results. Contact: Course Administrator E: CoursesUK-ESI@esinternational.com
W: http://www.esinternational.com/esi-courses.html
•24 March - Waterra Groundwater Equipment – Groundwater sampling. Venue: Birmingham. The Water Framework Directive has given
new emphasis to the need for groundwater quality monitoring, and for obtaining reliable and reproducible data. This workshop will help to
broaden your understanding. Contact: Julie Rose T: 0121 733 3533 E: Julie.rose@waterrauk.com
W: www.waterrauk.com/Pages/general/training.asp
•26 March – Fugro Engineering Services – Cone Penetration Testing (CPT). Venue: Leeds. Free 1-day CPD course in cone penetration
testing. Course covers: How does CPT work? How to make use of CPT data in geotechnical and geo-environmental investigations - includes a
demonstration of various cone types, geophysical downhole logging and core-scanning. Contact: Steve Poulter T: 0870 402 1400 E:
s.poulter@fes.co.uk W: www.fes.co.uk
A Professional School in Ground Engineering at the Building Research Establishment (Watford), First Steps Ltd. For reservations and information
contact Christine Butenuth, info@firststeps.uk.com, 0207 589 7394, www.firststeps.eu.com.
Developing Geological Knowledge for CGeol Status, First Steps Ltd. For reservations and information contact Christine Butenuth, info@firststeps.
uk.com, 0207 589 7394, www.firststeps.eu.com.
Managing Performance through People, The Open University. Online Course. Contact David Robinson, d.t.robinson@open.ac.uk, 0870 900 9577,
www.open.ac.uk.
Effective Leadership Skills, The Open University. Online Course. Contact David Robinson, d.t.robinson@open.ac.uk, 0870 900 9577,
www.open.ac.uk.
Managing Organisational Performance, The Open University. Online Course. Contact David Robinson, d.t.robinson@open.ac.uk, 0870 900 9577,
www.open.ac.uk.
For endorsed courses run by ESI Ltd, visit www.esinternational.com or contact CoursesUK-ESI@esinternational.com
For endorsed courses run by FUGRO Engineering Services, visit www.fes.co.uk/courses or contact s.poulter@fes.co.uk

FEBRUARY 2010

Editor’s note: In view of restricted space and late delivery, this calendar concentrates on events from the second week of February on.
South East
Regional

•9 March – What have we done to the Chalk? Venue: The Bell In, Godstone. Speaker: Prof. Rory Mortimore. Time: 6pm for 6.30pm. Contact: Ron
Williams. T: 01737 553740 E: rew182@btinternet.com

Southern
Wales

•10 March - The Use of Forensics to Identify Sources of Ammonium in Groundwater. Venue: Room 1.25, Main Building, Cardiff University. Speaker:
Jamie Robinson (PB). Contact: Margaret McBride E: margaret.mcbride@jacobs.com

Yorkshire
Regional

•10 March - Design and Implementation of a Voluntary Remediation Scheme at a Major Tar Works in the UK. Venue: Adelphi Hotel, Leeds. Evening
Meeting. Contact: Laila Bimson E: Laila.bimson@atkinsglobal.com

Western
Regional

•16 March – Forensic Geotechnics. Venue: S H Reynolds Lecture Theatre, University of Bristol. Speaker: Duncan Pirrie (University of Exeter). Evening
meeting. Contact: Charlotte Woodhall-Jones E: Charlotte.Woodhall-Jones@hotmail.co.uk
•17 March - Principles and Applications of Petroleum System Analysis. Venue: University of Aberdeen. Part of the Shell University Lecture Series.
Speaker: Peter Nederlof, Shell. 17.30 Lecture begins; 18.30 Short reception 19.30 Depart. Contact: Alys Hilbourne T: 020 7432 0981 E:
alys.hilbourne@geolsoc.org.uk
•23 March - Highway Engineering for the 21st Century. Venue: Coventry Technocentre. Annual joint one-day seminar with Institution of Highways and
Transportation. Contact: Ivan Hodgson E: Ivan.Hodgson@scottwilson.com
•24-25 March - Carbon Storage Opportunities in the North Sea. Venue: Burlington House. Carbon capture and storage has the potential to be the size
of North Sea oil and gas industry and be worth more than £2bn/yr and sustain more than 30,000 jobs by 2030. Fees apply – register through website.
Contact: Steve Whalley T: 020 7432 0980 F: 020 7494 0579 E: steve.whalley@geolsoc.org.uk

Can’t find your meeting? Visit www.geolsoc.org.uk – full, accurate, up-to-date

CALENDAR
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When it’s a Question of Renewable Energy...

... Ask Fugro







Desk Top Studies and GeoConsulting
Metocean Monitoring
Geophysical, Geotechnical and Environmental Surveys
Monopile Foundation Installation
Marine Construction Support
Contact:Tony Hodgson
Tel: +44 1491 820 800
Email: renewables@fugro.com

www.fugro.com
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crossword
Crossword no. 132 set by Platypus
1

2

3

4

Win a Special Publication of your choice!
5

6

7

The winners of the Crossword puzzle prize draw for November and
December issues were Geoff Snape of Blackburn and R W Jones of Ealing.

8
9

10

All correct solutions will be placed in the draw, and the winner’s name
printed in the March issue. The Editor’s decision is final and no
correspondence will be entered into. Closing date – March 19 2010.

11

12

14

13

The competition is only open to all Fellows and Candidate Fellows of the
Geological Society who are not current Society employees, officers or
trustees. This exclusion does not apply to officers of joint associations,
specialist or regional groups.

15

16

17

18

19

20
21

22

Please return your completed crossword to Burlington House, marking your
envelope “Crossword”. Do not enclose any other matter with your
solution. Overseas Fellows are encouraged to enter by scanning the
signed form and emailing it as a PDF to ted.nield@geolsoc.org.uk.

23

Name
24

................................................................................................................................

25

Fellowship Number

26

27

...........................................................................................................

Address for correspondence

.............................................................................................

...........................................................................................................................................

Solutions: November, December
Across: 1 Spends, Distal 4 Peloid, Strata 9 Ague, Axon 10 Grumeleuse, Maidenhair
11 Mantle, Ararat 12 Lapidary, Proximal 13 Horseshoe, Planarian 15 Isis, Otis 16 Gyre, Pawn
17 Preordain, Geotactic 21 Lancelot, Psephite 22 Theria, Inlier 24 Liquefying, Desiccated
25 Nail, Myth 26 Eyeing, Retina 27 Indium, Scrota
Down: 1 Saguaro, Dextral 2 Erect, Sonar 3 Digress, Ammeter 5 Exempt, Tremor
6 Overdosed, Atheistic 7 Deserts, Animals 8 Nucleoprotein, Displacements 14 Structure,
Newsprint 16 Granite, Pasteur 18 Octagon, Triadic 19 Iridium, Inertia 20 Olefin, Zircon
23 Ennui, Limbo

...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................
...........................................................................................................................................
.....................................................................Postcode .......................................................

Across

Down

1 Language of the Medes takes the middle course (6)
4 Ev’ry one of these features shall apparently be exalted. Topographic
inversion,I guess (6)
9 Multicoloured cryptocrystalline quartz (4)
10 Creates laws (10)
11 Align, not necessarily to the East (6)
12 Phi, the permissive locator (8)
13 What you are trying to do to these clues (9)
15 Feathered (living) vertebrate (4)
16 Two flats, four flats, in Florida perhaps (4)
17 Pain relievers (9)
21 Mesopotamian stepped pyramid (8)
22 With Urey performed the famous 1952 experiment proving abiogenesis of
organic compounds (6)
24 An observable occurrence (10)
25 Instrument with the second highest range (4)
26 Referring to the interactions of individuals (6)
27 Things that are wrong, Latinly (6)

1 Neither animal nor vegetable (7)
2 West Virginia, Virginia, Maryland, North and South Carolina, Georgia,
Florida, Alabama, Tennessee, Mississippi, Arkansas, Texas, Oklahoma,
Louisiana, and Kentucky (5)
3 Reduced by erosive process (7)
5 Economic resources owned by a company or individual (6)
6 However (in the US) most stupid (9)
7 Gave up, like an ore (8)
8 Foraminifer whose test is composed of collected fragments (13)
14 Created in freezing (9)
16 They move two and one, or vice versa (7)
18 Flow with a Reynolds Number generally under 2300 (7)
19 resistance to movement (7)
20 Black Sea state, formerly the domain of the Cimmerians (6)
23 Tarzanian vine (5)
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