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DANGEROUS, AND VISIBLE. BUT THE NOTION
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VOLCANOES INNOCENT, OK?
olcanoes are dangerous. In the last two
centuries, volcanoes caused about 200,000
deaths worldwide (adding the tsunamis
and famines resulting from their eruptions
to the direct fatalities caused by
pyroclastic flows and lahars). The
deadliest historical eruption was Tambora
(Indonesia, 1815 – 92,000 dead) and its major
instrument of death was starvation. Krakatoa
(Indonesia, 1883) killed most of its 36,417 victims by
tsunami. Mont Pelée, Martinique, wreaked its 1902
destruction of 29,025 lives by nuée ardente; while in 1985,
Nevada del Ruis (Colombia) killed 25,000 by lahar
despite a correct forecast.
But – give a dog a bad name. It has become all too
easy, in the overheated atmosphere of climate change
denial, for those with a little knowledge to say “Hold on don’t volcanoes give off CO2?” and leap to the conclusion
that they emit more than human beings do with all the
alacrity that certain early commentators blamed the Oslo
bomb blast and Utøya massacre on Al-Qaeda.
Yet, as Colin Summerhayes points out in this month’s
second feature (p18), all the world’s volcanoes give off
about the same amount of carbon dioxide as human
activity in - the State of Florida.
Of course, when they do erupt, volcanoes’ short-term
atmospheric effects can be enormous – hence 1815, the
‘year without a summer’ and the famine that came in its
wake. But, as Summerhayes writes: “Although the actual
rate of CO2 emission per hour during a big eruption may
be about the same as human emissions over the same
period, eruptions don’t last very long. As a result, big
eruptions have small effects when averaged over the
long term.”
Charles Lyell famously used Vesuvius and the Bay of
Naples as an example of how the effects of the greatest
geological paroxysms are eventually effaced by slow,
steady, day-to-day processes. Since the rehabilitation of
the sudden event into stratigraphic thinking through the
1970s and 1980s, we now know this is not so. We now
understand that the Rock Record is a scandal-sheet
newspaper, like the late and much-lamented News of the
World, recording the exciting stuff, and leaving most of
the quotidian tedium unrecorded. But when it comes to
humans and the atmosphere, Lyell’s dictum holds true.
As Terrence Gerlach of the Cascades Volcano
Observatory writes: “humanity’s ceaseless emissions
release an amount of CO2 comparable to the 0.01 gigaton
of the 1980 Mount St Helens paroxysm every 2.5 hours,
and the 0.05 gigaton of the 1991 Mount Pinatubo
paroxysm every 12.5 hours”.
So let us not hear any more of this nonsense. A dog
did not eat your homework, and the nasty smell in the
room wasn’t previously inside the cat. It’s time to own
the gas.
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It’s quicker by plume
The Réunion Mantle Plume, believed to have been responsible for the Deccan Trap eruptions,
links the motions of the Indian and African plates, writes Monique Tsang
PLATE TECTONICS

Africa speed back up? It makes more
sense to say that they're both related to
a common cause - the waning of the
Réunion plume head.”

~
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It has long been an unresolved case of
speeding. For 15 million years during
the late Cretaceous and early
Cenozoic, the Indian tectonic plate
scurried towards Eurasia at between
10 and 13cm a year, eventually
crashing into Eurasia, forming the
Himalayas and Tibetan Plateau. For
decades scientists suspected that this
speeding had something to do with
the Réunion mantle plume beneath the
Indian Ocean. Now, according to a
recent paper1, geologists have found
compelling evidence of its role in
directing the tectonic traffic.
Steven Cande and Dave Stegman
(Scripps Institute of Oceanography,
California) looked for clues in Africa.
Geologists noticed 25 years ago that
the ocean-ridge fracture zones along
the edges of the Africa Plate showed
strange, bending patterns. Cande and
Stegman analysed the patterns’ path
relative to Africa’s counter-clockwise
pivot point near the present-day
Canaries, and found that these bends
– like “skid marks at a car crash” –
showed that Africa’s motion slowed
down and then speeded up.
Moreover they discovered that when
the India Plate speeded up, the Africa
Plate slowed – and vice versa.
The Réunion mantle plume, thought
to lie under Réunion Island east of
Madagascar, wreaked a trail of havoc
as the Indian plate moved NE, forming
the Deccan Traps and spawning
several Indian Ocean island chains.
When the plume-head first hit the
lithosphere at 67Ma (near the
boundary of the India and Africa
plates) it spread out radially like the
head of a mushroom. This had the
effect of speeding up India (from 4 to
10-13 cm/year) but slowing down
Africa (2 cm/year to almost zero).
When the plume began to wane at
52Ma, India slowed back down while
Africa speeded up.
“Most people have said that the
slow-down of India was due to the
collision of India and Eurasia” Cande
told Geoscientist. “But if you were to
say the slow-down of India was due to
the collision with Eurasia, then why did

NOW THAT THE
MOTIONS OF AFRICA AND
INDIA CAN BE LINKED,
GEODYNAMIC MODELLERS
MAY HAVE TO CHANGE THE
WAY THEY RUN THEIR
MODELS IN FUTURE
Steven Cande

~

Douwe van Hinsbergen (University of
Oslo) believes2 that while the plume
could have helped, it was not acting
alone. He and colleagues have run
geodynamic models using ocean floor
magnetic anomaly data very similar to
Cande and Stegman’s, but found that
‘plume push’ could only account for 3-4
cm/year of speeding-up. Hinsbergen
attributes the rest to slab-pull from the
India Plate subduction, which became
more efficient as resistance dwindled
under the heat of the rising plume.

Above: A vertical
mile of Deccan
lavas visible from
Arthur's Seat at
Mahabaleshwar

India slowed later as it collided with
Asia. “The slowdown [was] mainly the
result of collision” van Hinsbergen says.
Now that the motions of Africa and
India can be linked, Cande says,
geodynamic modellers may have to
change the way they run their models
in future. “They have to model the
whole system. They may even have to
change some of the [modelling]
parameters” he says.

REFERENCES
1 Steven C. Cande and Dave R.
Stegman Indian and African plate
motions driven by the push force of
the Réunion plume head Nature
(2011; doi:10.1038/nature10174).
See also Plate motion and mantle
plumes, Nature News & Views by R.
Dietmar Müller
2 Douwe J. J. van Hinsbergen,
Bernhard Steinberger, Pavel V.
Doubrovine, and René Gassmöller
Acceleration and deceleration of IndiaAsia convergence since the
Cretaceous: Roles of mantle plumes
and continental collision, Journal of
Geophysical Research (2011:
doi:10.1029/2010JB008051)
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confirm and refine the information
gathered by electron diffraction
experiments done in parallel at the
University Complutense of Madrid”.
This painstaking analysis has paid off,
producing the first ever atomic-scale
images of sepiolite crystals. This
could pave the wave to synthesising
sepiolite from other, more
abundant clays.

~

SEPIOLITE IS
NOT PARTICULARLY
ABUNDANT IN THE
EARTH’S CRUST, AND IS
ONLY FOUND IN A FEW
MINES WORLDWIDE,
MOST OF WHICH
ARE CLUSTERED
AROUND MADRID

~

Sarah Day

Thinking outside the box
The future of litter lies outside the box, according to a new study
by a team of European scientists. Sarah Day has the story
MINERALOGY

It might not look like much, but cat
litter is made from one of nature’s
most useful and sought-after minerals
– a clay known as sepiolite, or
Meerschaum. Sepiolite is not
particularly abundant, and is only
found in a few mines, most of which
are clustered around Madrid – making
Spain the world’s biggest exporter.
That could all change, thanks to the
first ever atomic scale images of
sepiolite, showing its crystalline
structure in detail1.
Well known for its lightweight
porous structure, which is capable of
absorbing two and a half times its own
weight in water, sepiolite has been
used since Roman times, when it was
employed in the filtration and
purification of wine. Since then its
uses have included drilling mud,
odour-eaters for fridges and, of
course, cat litter.
But until now our understanding of
how sepiolite’s tiny crystals are so
good at absorbing liquids has
been incomplete. As the
crystals are only a few
micrometres long and a dozen or

so atoms across, resolving their
3D structure has proved
extremely difficult.
Now a team including scientists
from the Universities of Madrid and
Salamanca in Spain, the Institut LaueLangevin (ILL), the European
Synchrotron Radiation Facility (ESRF)
and the Spanish CRG Beamline at the
ESRF, used single-crystal X-ray
diffraction to obtain the images from
samples of sepiolite fibres sourced
from twenty different deposits around
the world.
“To study very small crystals”
explains Manuel Sanchez del Rio from
the ESRF, “we use an X-ray beam with
just two by five micrometres crosssection. In the end, we collected Xray diffraction data for two fibres”.
Even then, results were hard to
interpret. “We needed
extensive computer
simulations to

Below: Cat litter is
made from one of
nature’s most
useful and soughtafter minerals

“Today, no synthetic clay surpasses
natural sepiolite” Mercedes Suarez
(University of Salamanca) told
Geoscientist. “This is about to change
as our understanding of … atomic
structure will guide...the design of
completely new materials for use in
catalysis and batteries.”
The images show needle shaped
crystals, their elongated forms packed
loosely together. The empty spaces
between them, as well as tunnels
within the crystals themselves,
form a network of capillaries which
allow liquid to flow deep within the
mineral, where molecules can
attach themselves to the surface of
the crystals.
Scientists are hoping they can not
only recreate the properties of sepiolite
using other minerals, but even improve
them. Such ‘out of the box’ thinking
could produce a material with wholly
new applications, such as binding
food products and stablising drugs to
extend their shelf life, and making
sepiolite an edible product.

REFERENCES
1 Manuel de Sanchez del Rio,
Emilia Garcia-Romero, Mercedes
Suarez, Ivan da Silva, Luis
Fuentes Montero, and Gema
Martinez-Criado (in press):
'Variability in sepiolite: Diffraction
studies', American Mineralogist
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ELECTION – FELLOWS

The following names are put forward for election to
Fellowship at the OGM on 22 June 2011.
AITCHISON, Jonathan Clement; AKANBI, Oluwatoyin Oluwafunso;
ALLEN, Phillip Thomas; AMOS, Sarah Victoria; ANDERSON, Gareth;
ANDREW, Morgan; ANGEL, Paul; ARCHARD, Anthony Perry; AVERY,
Ronald William; BABI, Mohammed Saleh; BARBER, Clare Isobel;
BARNES, Robert Charles; BATHURST, Paul; BATTYE, Ardeshir Gerard;
BEKOE, William Asiama; BELL, Rachel; BENNETT, Christopher Edward;
BEZARD, Rachel Christine; BLANC, Eric Jean Philippe; BOOTHROYD,
Philip Glyn; BOULTER, Christian Matthew; BOYD, Andrew Ian; BROCK,
James Peter; BROUGH, Christopher Paul; BROWNSOMBE, William;
BURY, Alan; BUTCHER, Christopher Eric; BUTLER, Brent William;
CALABRESE, Francis Michele; CARSON, Heather Julie Elizabeth; CHAN,
Sin Ping; CHIVERS, Ann Elizabeth; CHU, Kar Wai Peter; COFFIN,
Michael; COLE, Scott Andrew; CONWAY, Jeremy John; COOK, Adam;
COOPER, Martin; COTTERELL, Michael John; COX, Daniel James; COX,
Steven John; CUNNINGHAM, John Keller; DAILY, Martin Ian; DAVIES,
Heather; DAVIES, Heather; DE JONG, Koenraad; DEIGHTON, Mark
Andrews; DELANEY, Stephen; DESIDERATI, Simone; DIALLO, Madani;
DONOGHUE, Philip Conrad James; DRYBURGH, Peter Alexander;
DUFF, Graeme Stuart; DUNSHEA, Roger Morton; DUVIVIER, Alice;
EDWARDS, Alexander; ELLIS, Michael Alexander; ENDLEY, Fiona
Kathryn; EVANS, David Howard; FARNELL, Richard; FORSTER, Stephen;
GALEA, Charles; GAM, Emma; GATH, Marc Richard; GILBROOK, Shaun;
GRESSL, Franz; GRIFFITHS, Lucy Elizabeth; GUDERJAHN, Charles
George; HALDANE, Mark; HARDEN, Marcus Richard Alexander;
HARVEY, Bartholomew Albert; HAY, Deirdre; HERRON, Paul Raymond;
HILL, Edward; HILL, Nyree Joanna; HINE, Joseph William; HIRST,
Joseph Gregory; HOLLAND, Matthew Philip; HORN, Brian; HOYES, Jack;
IRLAM, Barney Arthur James; JAMES, Paul Matthew; JONES, Andrew
Mark; JONES, Darren; JONES, Matthew Graham; JONES, Peter Donne;
KACZMARCZYK, Ewelina; KAEMBA, Robert; KANELLIS, Jason Spiridon
Stuart; KENT, Andrew; KEY, Claire; KING, Julie Anne; KING, Michael
Edward; KLISCHIES, Ralf; LAGESSE, Richard Henri; LAMBOURNE,
Caleb; LAU, Paul Yau Long; LAU, See Yeung; LEAR, Jennifer;
LEYENBERGER, Terry Lee; LINDSAY, Roisin; LOMAS, Kristian;
LONGMAN, Paul; LUNT, Ian Andrew; LYNE, James William; LYNN,
Gwilym James; MACDONALD, Ian; MACKENZIE, Jamie; MACLENNAN,
John Campbell; MAGUREGUI, Jesus; MAJOR, Matthew Timothy;
MALLANTS, Dirk; MANNIE, Aruna Sabrina; MANNING, Gabriella Louise;
MANNION, William Gerard; MARTIN, Patrick John; MCALLISTER,
Edward; MCARDLE, Gerard Sean; MCDONALD, Kirsty; MCDONALD,
Rvairi John; MCMAHON, Neil Andrew; MIANAEKERE, Victoria Nelson;
MISTRY, Prashant Sunny; MIZZI, Julie; MOLYNEUX, Sally Helen Antonia;
MUNRO, Grant James; NELSON, Hayley Dawn; NELSON, Richard
William Seymour; NICOLAI, Carlo; NORMAN, Kate; OKUNLOLA,
Olugbenga Akindeji; OWNES, George Christopher David; PAN, Han;
PARKES, Aidan Anthony; PAULEY, Carol Janice; PEERS, Philip William;
PERING, Thomas David; POPE, James Peter Henry; PRICE, Liam
Thomas; RATTEY, Robert Peter; ROBERTS, Peter David; ROFFEY, Justin
Philip; ROSIER, Alan Anthony; ROWLAY, Philip Michael; RUDALL, Sian;
SANDERS, Christopher John; SAS JR, Robert Joseph; SEARLE,
Annalise; SHAFIEE, Nor Shahida; SIMPSON, Eilidh; SKILLING, Ian Paul;
SMITH, Christopher Adam; SMITH, Michael James Carrington; SMITH,
Shaun Anthony; STURMAN, Neil Clark; SULTANA, Daniel; TAIWO,
Olumide Benedict; TETTEH, Francis Kofi; THACKREY, Scott Neil David;
TINDELL, Thomas David; TOWERS, Stephanie; VARIAVA, Feroze
Michael; WARD, Christopher; WEAVERS, Ellen Louise; WHITTY, Shane;
WILKINSON, Camilla Maya; WILLIAMS, Christopher John; WILLIAMS,
Jonathan Henry Thomas; WILLMOTT, Elizabeth Petra; WINCH, Benjamin
Haden; WOODS, Graham; WYBAR, Steven James; ZHAO, Qi.

FUTURE MEETINGS
n Council & OGMs: 28 September; 30
November; Council 1, 2 February (residential):
OGM 1 February 2012 (6pm); 11 April.

Renew Online with Direct Debit!
Edmund Nickless writes: During September you will be receiving your call for
Fellowship subscription renewal for 2012. The Society is keen to keep its costs
as low as possible by easing the administrative burden that the annual renewals
round entails. This will of course feed back to you by helping us minimise future
subscription rises. You can help by doing two things: renewing online, and filling
in a Direct Debit mandate when you do so.
Processing cheques and credit cards places a heavy load on resources.
Direct debit and online payment both release staff time – which we can then
devote to delivering core Fellowship services. As banks will be phasing out
cheques in the near future, why not make 2010 the year you change to quick
and easy payment by direct debit?
Direct debit is also the simplest way of ensuring that you continue to belong to
the professional body for Earth scientists. Chartered Geologists in particular can
be assured that their status will be maintained, uninterrupted by any inadvertent
failure to pay. Direct Debit also allows you to spread the cost of membership
over the year - an added benefit in this economic climate.
Online payment via our website’s secure Fellows-only area has been a
resounding success, and we invite all Fellows who have yet to log in to do so,
and see for themselves how simple the process is.

Please read the Fellowship Terms and Conditions for the access to and use of electronic
services, here: www.geolsoc.org.uk/eterms

Distinguished Geologists Trust
Bill Gaskarth invites applications for a former IG
initiative to assist early-career geologists under the
age of 30.
This Trust was established by the Institution of Geologists
with monies donated in memory of Sir Peter Kent, Dan Ion
and Robert H Cummings. It acknowledges the significant
contributions made by them to the science and profession
of geology in the UK and throughout the world.
The object of the Trust was to assist geologists in the
early years of their career (under 30), and particularly those in industry, with
professional development (by contributing to travel costs or towards gaining
experience in appropriate ways). Since the merger with the IG, the Society has
endeavoured to maintain the original objectives of the Trust and intends to award
a limited number of bursaries each year, worth up to £2000 apiece. Preference is
given to Fellows working in industry who are applying - or preparing an
application - for Chartership (CGeol or CSci). Applicants will need to demonstrate
that the bursary will benefit their professional development.
Forms and further guidance are available on the website at www.geolsoc.org.
uk/dgmt. Applications should be accompanied by a statement of no more than
1000 words describing how the bursary will be used. You will also need two
letters of support, one from a Chartered Fellow and one from your employer.
Applications should be sent to the Chartership Officer at the Society, by the end
of April each year. The award will be made at President’s Day the following June.

Further information and assistance: chartership@geolsoc.org.uk
08 SEPTEMBER 2011
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lectures
[
]
Shell London

Lecture Series

FROM THE LIBRARY
The library is open to visitors
Monday-Friday 0930-1730.
For a list of new acquisitions click
the appropriate link from
http://www.geolsoc.org.uk/gsl/info

Access all areas

Exceptionally Preserved Fossils rare windows on the evolution of life
Speaker – David Siveter
(University of Leicester)

21 September 2011
Our understanding of the history and evolution of life on
Earth relies heavily on the fossil record and especially on
rare cases of exceptional preservation, where the soft
parts of organisms and entire soft-bodied animals are
preserved. Such exceptionally preserved fossils provide
unique insights into animal palaeobiology and the true
nature of animal biodiversity.

n Programme – Afternoon talk: 1430pm Tea & Coffee:
1500 Lecture begins: 1600 Event ends.
n Programme – Evening talk: 1730 Tea & Coffee: 1800
Lecture begins: 1900 Reception.

FURTHER INFORMATION
Please visit www.geolsoc.org.uk/
shelllondonlectures11. Entry to each lecture is by
ticket only. To obtain a ticket please contact Georgina
Worrall around four weeks before the talk. Due to the
popularity of this lecture series, tickets are allocated in a
monthly ballot and cannot be guaranteed.

Our Offsite E-Journal scheme
launched in 2007 with 36 journals
from Elsevier, providing quick, easy
(free) access to the widest possible
range of resources…
Michael McKimm writes: Since
then, the number of titles and publishers
in the Scheme has risen steadily.
Fellows now enjoy full-text access to
over 80 journals, covering fields from
engineering and petroleum geology to
palaeontology and volcanology. Library
staff are continuing to negotiate with
publishers – recently adding the Irish
Journal of Earth Sciences and the
Journal of Geology. Recent Special
Issues are also listed in our Virtual
Library, and a selection highlighted in
the Society’s fortnightly e-newsletter.
Over 1000 Fellows are currently

signed up to receive up-to-date
research at the click of a mouse,
without having to leave home or office.
Fellows from as far afield as Nigeria,
Vietnam, Nicaragua, Kyrgyzstan and
the Faroe Islands are regularly logging
in - as well as large numbers from
Europe, North America and Australia.
Mark Ruse (Perth, Australia) says:
“The e-journal service adds
justification to paying the Society fees,
when I have such little access to the
physical Library”.

STOP PRESS! Journal of Petrology also
added. If you have not already signed up
to this major and growing benefit of
Society membership, visit
www.geolsoc.org.uk/ejournals or
contact Eileen Jamieson in the Library.

Sponsor-a-Book update
The Library is extremely grateful to Dr.
John Davey for his donation, which
allowed us to restore Travels among
the Arab tribes inhabiting the
countries east of Syria and
Palestine… (1825) by James Silk

Buckingham. This book was very
popular when first published in 1825
and we are delighted that the Society’s
copy can now be similarly enjoyed by
future generations.

A gentle reminder… Fellows and
Corporate users are reminded that
material borrowed from the Library
should not be taken out of the UK and
Ireland. The loan period is 4 weeks and
material can be renewed once for a
further 4 weeks.

Contact: Georgina Worrall, Event Manager, The Geological
Society, Burlington House, Piccadilly, London W1J 0BG,
T: +44 (0) 20 7432 0981 E: Georgina.worrall@geolsoc.org.uk

Honorary Fellowship
n NOMINATIONS, AWARDS 2011
We invite Fellows of the Society to nominate candidates
for the Society’s Awards 2012. Full details about how
to make nominations to the Awards Committee can be
found at www.geolsoc.org.uk/awards.
Nominations must be received no later than Friday
7 October 2011.

Following recommendation
by the Awards Committee,
Council has endorsed
Peter Barrett for election
as Honorary Fellow at a
future meeting.
Peter Barrett is Professor of Geology
at Victoria University, Wellington and
was founding Director of the Antarctic
Research Centre there (1973-2007).

He is currently Acting Director, New
Zealand Climate Change
Research Institute.

More information online at www.nzhist
ory.net.nz/media/photo/peter-barrett
Fellows may nominate candidates for
Honorary Fellowship at any time. To find
out how to do this, please go to www.geo
lsoc.org.uk/ honoraryfellowship
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Peter Dolan writes: On 6 July, the Society
hosted an evening seminar entitled
Between a Rock and a Hard Insurance
Market. This seminar, organised by the
Development and Funding Committee, was
conceived to take advantage of informal
links that had formed between some
Fellows and Lloyds of London underwriters.
The aim was to hold a series of short talks
to help to build bridges between insurance
underwriters, brokers and those in the
energy sector sharing a common interest in
assessing and mitigating subsurface and
operational risk.
While the main focus was on the oil and
gas E&P sector, it is obviously not a big
step to think about links between geology
and insurance in terms of mining,
engineering challenges in the built environment, earthquake damage limitation,
disruption to air transport from volcanic activity, and so on.
The audience, numbering about 100, heard from Prof. Richard Swarbrick (Ikon
Science) about ‘Understanding the rocks, fluids and pressure’; Julia Ross (Tullow)
on ‘Well drilling integrity in challenging environments’, Richard Higgins (Lloyd &
Partners) on ‘The role of the broker in insuring drilling operations’, Richard
Palengat (AEGIS) on ‘A guide to the energy underwriting process’ and to pull
much of this together, Maurice Kenton (Barlow Lyde & Gilbert LLP) about ‘Legal
and regulatory considerations’.
Reactions were remarkably enthusiastic and plans are emerging to develop
stronger contacts with the London insurance industry, with a view to helping it
better understand and utilise geological expertise relevant to its business. Council
hopes this might be the first in a series of similar seminars reaching out to other
professions to promote familiarity with the geosciences and the pivotal role that the
Society can play in society as a whole. The Society’s thanks go to the speakers
and to Ikon Science Limited and Tullow Oil plc for partial sponsorship.

The Geological Society Club
The Geological Society Club, successor to the body that gave birth to the
Society in 1807, meets monthly (except over the field season!) at 18.30 for 19.00
in the Athenaeum Club, Pall Mall. Once a year there is also a special dinner at
Burlington House. New diners are always welcome, especially from among
younger Fellows. Dinner costs £50 for a four-course meal, including coffee and
port. (The Founders' Dinner, in November, has its own price structure.) There is
a cash bar for the purchase of aperitifs and wine.
2011: 14 September; 12 October
2012: 25 January; 29 February; 28 March; 11 April (Burlington House); 23 May.
Any Fellow of the Society wishing to dine should contact Dr Andy Fleet,
Secretary to the Geological Society Dining Club, Department of Mineralogy,
The Natural History Museum, Cromwell Road, London SW7 5BD.
Email: a.fleet@nhm.ac.uk - from whom further details may be obtained. DR
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ELECTION – FELLOWS
The following Candidate Fellows who graduate this
year must upgrade to Fellowship within 12 months
following graduation should they wish to continue in
membership. Those who complete the application
process before the OGM on 28 September will be
elected at that meeting,
and thereafter at
OGMs from
November 2011
through June 2012.
AINSLEY, Polly; AL - HAKEEM,
Sulafa; ALLAN, Harry; ALLEN,
Katherine Elizabeth; ALMALKI, Fahd
Ahmad; ALTAMAIMY, Naser;
ASHBOURN, Julian; ASHTON, Stephen Andrew Nicholson; ASKIN,
Matthew; AUSTIN, Daniel Mark; AZEVEDO, Cesar; BAILEY, Melanie
Rachel; BARNES, Barry; BARTLETT, Thomas Samuel; BENGHIAT,
Albert; BERMEJO GARCIA, Maria Ascension; BIEJAT, Sarah; BISHTON,
Scott; BLADON, Andrew John; BOARD, Paul; BOOTH, Esther Kate;
BUDGE, Edward Frederick; BYWATER, Timothy Douglas; CAMPBELL,
Alistair; CAMPBELL, Lucy; CHEWE, Stephen; CHUNG, Yiu Tak Dennis;
CLARK, Ross; COLEY, Elaine Margaret; COLLIS, Klara; COMER,
Anthony; COOKE, Yvonne Marie; COPELAND, Alexander James;
COULTER, John Harold; DANN, Jack; DAVEY, Helen Anne; DAVIES,
Christine; DAVIES, Sam; DEMMER, Matthew George; DENISON,
Anthony; DOBIE, Gillon Lister; DOCHERTY, Kevin John; DODSON,
Annabelle; DRAGE, Lucy Teresa; DURHAM, Richard; ELZ, Ian Gordon;
FAROUK, Mohammed El Khatim; FEENEY, Philip; FIELD, Yvonne;
FOOTE, Alexander Luke; FOOTE, Nicolas James; GAFFEY, Gillian
Barbara; GARVEY, Philip Michael; GREDZINSKI, Isabella Joy; GRUNDY,
Marion Patricia; HABERMAN, Jack; HAIDON, Cheryl; HARLEY, Zoe
Michaela; HARVEY, Valerie Ann; HASKELL, Robert William; HAWKES,
Sarah; HELMAN, Alicia Christine; HENDERSON, Thomas Charles;
HENRY, Peter; HEWITT, Troy Richard; HICKS, Amanda; HILLMAN, Jess
Irene Tsahai; HOBKIRK, Justin James; HOLDING, Madeleine Rebecca
Louise; HUGHES, Bethan; HUNT, Emma Joanne; ISRAEL, George
Ijeoma; JOFRE, Alexis; JONES, Joanna Margaret; JONES, Stacie Louise;
KALETA, Louise; KAMAL, Insyira; KEITH, Carol Ann; KELLY, Thomas
Peter; KELTIE, Richard John; KIRBY, David Charles; KNELLER, Brian
David; KRAUZE, Ralf John James; KUGASWARAN, Lavinya Margaret;
LEVENE, William John; LEWIS, James Michael Timothy; LIMA, Catarina
Sofia; LOLE, Henry Mortimer John; LOMAS, Sophie Annette; LOUBALOUBA, Arnaud; LOURENCO, Antonio Pedro; LUNA LUCERO, Xavier
Estuardo; LYONS, Peter; MADHOO, Hamechan; MANI, Lara Lucy Jane;
MASON, Rachel Deborah; MATTHEWS, Alison Jill; MAZGAJCZYK,
Joseph; MCBRIDE, Ray Michael; MCEWAN, Mary Victoria; MEUNIER,
Sandra; MOON, Benjamin Christopher; MORGAN, Rebecca Leigh;
MUIZELAAR, Nicola Suzanne; NAZIR, Mohib Ali; NEAL, Kiri Christina;
NOWOSIELSKI-SLEPOWRON, Stash Bozydar; PALUBICKI, Kristina
Louisa; PARFITT, Edward Jack; PEDROSA, Daniel Joshua; PEGG, David
Lawrence; PHILLIPS, Gregory David; PRODGER, Sam; QUIGLEY,
Kieren; RAJI, Munira; RANKEN, Christian Judith Elizabeth; REDSHAW,
Peter Graham; RENOUF, Alex; REYNOLDS, Kirsty; RICHARDS, Michael;
ROBERTS, Julie; ROBEY, Matthew James; ROBINSON, David Colin;
ROBSON, Jack Stephen George; SAMOYO, Wilson Jerald;
SCHUETZLES, Andreas; SIMMONS, Hannah Louise; SIMONS, Bethany
Jane; SIMPSON, Veonica Ann; SINCLAIR SMITH, Fergus Robert;
SKINNER, Paul William; SMITH, Grahame; SMITH, Rebecca; SMITH,
Sharon Louise; SPENCE, Robert William; ST JOHN, Thomas;
STENLAKE, Martyn Robert; SYKES, Colin Alexander; TAYLOR, Alexander
Scott; THOMPSON, Benjamin Joseph; VAN ECK, Natalie; VARCHIONE,
Angelina Susan; VAROTSIS, Paul; WAIGHT, Sophie; WAKELING, Adam
James; WALKER, Zachary; WALL, Matthew Anthony; WANSTALL,
Victoria Elanor; WHITTAKER, Julia Susan; WHITTAKER, Phillip James;
WILKINSON, James Joseph; WILLMOT NOLLER, Nicola Mary;
WOJCIK, Peter; WOOD, Eleanor; WOOLLEY, Jessica Rosalind;
WOOTTON, Peter Simon; ZIABEK, Rachel.

SOAPBOX GEOSCIENTIST

Sowing a ground revolution
BY PAUL MALIPHANT
Paul Maliphant CGeol* thinks that
revolting geologists could add more
value to the construction industry

SOAPBOX
cannot create the robust numerical models
required to undertake detailed design work
and ensure compliance with appropriate
standards. Indeed, fully articulated
ground models, and associated
geotechnical risk registers, should be put
routinely at the core of all decision-making.
The consequential increased confidence in
ground engineering solutions would
reduce outturn financial and carbon costs
and perhaps challenge the inbuilt
conservatism and engineering bias of some
of our beloved Standards themselves.
Furthermore, in these financially austere
times when private financing of
construction projects is a globally
competitive business, the need to
demonstrate that our projects provide the
greatest opportunity for good returns on
investment is of key importance. With
‘unforeseen’ (but rarely unforeseeable)
ground conditions giving rise to significant
financial risk, a more effective approach to
geotechnical risk management will enhance
the confidence of investors in construction
cost estimates – which will greatly benefit
the economy.
A ground engineering revolution to
raise the profile of what we can achieve for
society, enlighten fellow construction
professionals and create a motivational
environment that inspires us all to seek
enhanced value be that fiscal,
environmental or other... it’s worth a
thought, isn’t it?
* Vice President, Chair, Chartership Committee and
Associate Director, Earth Engineering and
Sciences, Halcrow.

REFERENCES
1 C R I Clayton 2001
2 Constructing Excellence Never Waste a good
Crisis: a review of progress since Rethinking
Construction 2009
3 H M Treasury and Infrastructure UK

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 selfportrait, to ted.nield@geolsoc.
org.uk. Copy can only be
accepted electronically. No
diagrams, tables or other
illustrations please.
Pictures should be of print
quality – as a rule of thumb,
anything over a few hundred
kilobytes should do.
Precedence will always be given
to more topical contributions.
Any one contributor may not
appear more often than once per
volume (once every 12 months).

~

Managing Geotechnical Risk, improving
productivity in UK building and construction1
is regarded as a seminal work. But has it
been as influential as it should have been?
It reported that: ‘building and construction
case records show that ground conditions are
often the cause of very large cost and time
overruns’ and that: ‘ground-related problems
can adversely affect project cost, completion
times, profitability, health and safety, quality
and fitness for purpose, and can lead to
environmental damage’.
Another recent report2 has said: ‘perhaps
the greatest challenge is [to] deliver a built
environment that supports … a low carbon
economy’. It concluded that ‘for the last
decade, the industry has been sheltered by a
healthy economy. This has enabled construction
to prosper without having to strive for
innovation. The current economic crisis is a
perfect opportunity for us to think again.’
Meanwhile, the 2010 Infrastructure Cost
Review3 opined that ‘the UK is more expensive
that its European peer group … there are
significant opportunities to reduce costs in
[delivering] infrastructure’.
Surely then it is timely for geologists
working in ground engineering to take a
lead in rising to the carbon/cost challenges
in construction through more effective
geotechnical risk management.
A recent step forward was the launch (8
June 2011) of the UK Register of Ground
Engineering Professionals (UKRoGEP)
(www.ukrogep.org.uk). UKRoGEP will
serve to enhance the competence of ground
engineering practitioners, so that they can
drive additional value into this segment of
the construction industry. Most geologists
working in construction recognise that they
have expertise that sets us apart from our
engineering colleagues. We are uniquely
qualified to study the nature of the ground
beneath our feet, manage the uncertainties
presented by the incomplete datasets we
routinely work with, and create and
develop the conceptual ground models on
which all geotechnical risk assessments and
construction projects are founded.
Without our work engineers simply

WITHOUT OUR
WORK ENGINEERS
SIMPLY CANNOT
CREATE THE ROBUST
NUMERICAL MODELS
REQUIRED TO
UNDERTAKE DETAILED
DESIGN WORK AND
ENSURE COMPLIANCE
WITH APPROPRIATE
STANDARDS
Paul Maliphant

~
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carbon storage projects ahead (since it
aims to use depleted reservoir
formations as hosts). Association with –
even reference to – radioactive waste has
been actively discouraged by parts of the
carbon capture and storage (CCS)
technical community and (perhaps
especially) by those funding their work.
One aspect of this distancing is the
perception that while CCS can be seen as
being ‘on the side of the angels’,
geological disposal of radwaste (GD) is
merely clearing up residues from an
‘unwanted’ and ‘dirty’ industry. The
radwaste community has been on the
back foot for most of the last 20 years,
whereas the CCS community, relative
latecomers, have felt they were
promoting ‘a good thing’. Though in
fact, as CCS has stepped onto the shaky
ground of onshore siting, it has realised
that it may not after all enjoy so great a
distance from GD.
On top of that, the apparently clearcut environmental evils and benefits of
different forms of power generation that
have been exploited by two generations
of activists are becoming blurred, as the
real environmental and societal impacts
become clearer. Both nuclear power and
CCS are likely to make an important
contribution to preventing temperature
increases beyond 2°C for the 2020
horizon. So, it was with no small
trepidation that a group of scientists
involved in either GD or CCS or both,
got together late last year for tentative
discussions about establishing common
ground and exploring what might be
learned. The meeting took place in the
pretty Alpine town of Meiringen in
Switzerland, overlooked by the
▼

o a geologist, the analogies
between the geological
disposal of radioactive wastes
and the sequestration of CO2
deep underground are
obvious. Both aim to isolate
and contain waste products that come
principally from the generation of
electricity. Both focus on safety, and
both are concerned with similar technical
and non-technical issues. These include
modelling fluid movement in and
characterising deep rock formations,
evaluating complex hydrogeochemical
interactions, finding suitable sites and
addressing associated public perception
issues – particularly in communities
where disposal facilities might be
located. You could be forgiven, then, for
thinking that scientists working on
these topics communicate regularly,
share experiences and work on
common problems.
But you would be wrong. Even before
Fukushima, nuclear power had endured
decades of bad press, and was only just
becoming an acceptable conversation
topic again, as people woke up to just
how much our low carbon energy supply
will depend on it. Projects to dispose of
radwaste deep underground have met
opposition in most countries and have
regularly failed to get approval. Only in
the last five years or so have geological
repositories featured in two or three
European countries. It will be a decade
before any waste will be put in most
of them.
So the nuclear business has never been
regarded as the best of PR bedfellows by
the hydrocarbons industry - the sector
principally responsible for driving

ENCOUNTER

AT MEIRINGEN

Can Carbon Capture and Storage (CCS) and radwaste
ever find common cause? Neil Chapman, Julia West
and Jordi Bruno*say they can, following a successful
meeting on neutral ground in Switzerland

Meiringen – where Holmes and Moriarty
fought to the death. Not perhaps the most
auspicious place for a meeting of minds…

▼
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Reichenbach Falls, where Sherlock
Holmes met his nemesis Professor
Moriarty for the last time.

MIND YOUR LANGUAGE

The meeting observed that CCS exists
only as a direct mitigation response to
the threat of global warming, whereas
14 SEPTEMBER 2011

The falls at
Meiringen,
where Holmes
met his nemesis
Chris Wardle, BGS © NERC 2011. All rights reserved

MITIGATION

Baseline
surface gas flux
measurements
at the In Salah
CO2 storage
site, Algeria.
CO2 storage
regulations will
require that
storage
operations are
rigorously
monitored
Image: © The Sherlock Holmes Museum, 221b Baker Street, London, England www.sherlock-holmes.co.uk

First, we needed to get our words
straight. Where GD talks about
‘disposal’ (sometimes, when it is feeling
the need to be Delphic, ‘disposition’),
CCS says ‘storage’ (with ‘sequestration’
its Delphic equivalent). Much was said
about these fine distinctions.
For GD, ‘disposal’ means ‘final’ - not
‘indefinite storage’ (effectively, the policy
of the current Scottish Government),
because that is no solution. Probably
because CCS has had to tackle the
problem of offshore injection of CO2, it
talks of ‘storage’ because (until modified
in 2006 to cater specifically for CCS) the
London Convention prohibited waste
‘disposal’ offshore unless accessed from
land. Consequently, not only is CO2 not
being ‘disposed’, neither is it described
as ‘waste’.
GD struggles with the fact that it
could be used for materials that are
arguably recyclable (e.g., spent nuclear
fuel, or separated plutonium). The
possibility of retrieval of disposed
radioactive materials thus becomes more
than just a matter of leaving options
open for future generations in case final
disposal becomes unacceptable. Finally,
and despite the semantic contortions of
policy-makers, it is unarguable that CO2
and most radioactive materials destined
for geological disposal are both ‘wastes’
and are being ‘disposed’ of.
The meeting worked hard to generate
clear definitions of what GD and CCS are
intended to achieve: an easier task for
GD, because it has done it before. Thus,
the objective of CCS is: “To protect the
global environment and human health
by effectively preventing CO2 from
entering the atmosphere and the oceans,
as part of a wider programme of
mitigation measures. To do this in a safe
and sufficiently timely manner and on an
appropriate scale, so that the global
impact on emissions is significant.”
The objective of GD is: “To isolate
radioactive wastes from people and the
environment and contain them so that
the natural processes of radioactive
decay, retention and dilution prevent
any radionuclide from returning in
concentrations that pose a hazard.”

Source to sink:
Concept for the
capture and
offshore
underground
storage of CO2
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Improving
understanding
of possible
environmental
impacts of CCS
by studying a
natural CO2 vent
at Latera, Italy
Transect across
natural CO2 vent
at Latera, Italy

Biological and
soil gas sampling
at natural CO2
vent at Latera,
Italy. View
towards gas vent
BGS © NERC 2011. All rights reserved

3D view of
injected CO2
plume at the
Sleipner field,
Norway

▼

Mobile
atmospheric
gas survey at
the In Salah CO2
storage site,
Algeria

GD is all about ensuring safety from
hazardous materials. This distinction
does not really hold much water:
although CO2 is a part of the natural
carbon cycle and not hazardous in dilute
quantities, human and environmental
safety is paramount in both cases. The
safety of GD is judged by estimates of
radiation exposures to localised,
hypothetical, individuals in the distant
future, whereas the success of CCS is
primarily judged by the ‘safety’ it
delivers to the global environment.
Carrying out CCS ‘safely’ is thus
simply a constraint on a technology with
considerably greater objectives. The
environmental consequence of failing to
implement CCS are different in
magnitude to that of, say, poorly
executed GD – but both have their
foundation in the provision of safety.
Nevertheless, CCS is also looking at the
utility and feasibility of local safety
targets for releases during the
operational phase in terms of ‘admissible
annual CO2 release rates per unit area’.
This stands in contrast to GD, where
releases are judged in terms of exposure
of people. CO2 release targets are set
more in terms of their impact on the
health of ecosystems. Another aspect of
this is the number of facilities that might
exist worldwide over the next century.
For GD this is likely mean tens, whereas
for CCS to achieve its objective, it must
be many hundreds.
Permanent containment below surface
is the objective of both technologies; but
geologists understand that 'permanent'
has no real meaning, and is anyway
unnecessary because of changing hazard
potential through time. The way that
this translates into achievable goals
provides a clearer distinction
between CCS and GD, in terms of
containment timescales.
GD aims to provide isolation and
containment for tens to hundreds of
thousands of years – until the
radiotoxicity of even the most hazardous
materials has declined to levels similar to
natural uranium ore bodies. Even after
this time, so long as both geological
repositories and rich uranium ore bodies
remain isolated deep in the rock, their
hazard potential remains extremely low.
For GD, the most critical containment
objective must be for the period when
the wastes are at their most hazardous –
for some 100s of years after disposal. It
is becoming recognised that the
radwaste community’s apparent
obsession with geological timescales has
distracted from that aim, inhibiting
SEPTEMBER 2011 15
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communication and progress.
For CCS, leakage figures of 0.10.01%/year are currently seen as
acceptable, and would give residence
times of c. 1000 to 10,000 years. In fact,
CCS sites are not currently designed in
terms of leakage rates or residence times
but rather are expected to retain CO2
indefinitely. However, both technologies
have to address issues on timescales that
are very long in terms of human
experience and engineering practice. At
present, there appears to be no real
societal perspective on the absolute risks
of either technology (especially in
comparison with other environmental
hazards) and, more importantly, of the
risks of doing nothing as a result of
failing to put risks in perspective.
Actually figuring out what the
impacts are – how localised, how
significant and when they occur - lies at
the root of safety assessment (SA). Here
GD enjoys a considerable lead, as the
first SAs were date from the 1970s. GD
has experience, not only of forwardmodelling deep systems over long
periods, but of assembling the necessary
thermo-hydro-chemical-mechanical
geoscientific data to evaluate the
processes involved in containment,
mobilisation and migration.
Identifying release scenarios and
likelihoods has been an important aspect
of this work, as has dealing with the
inevitable uncertainties involved in
characterising and modelling natural
systems at large scale. Both deterministic
and probabilistic techniques aimed at
estimating risks to individuals lie at the
core of safety assessment for GD, along
with clear definition of quantifiable
safety functions of different components.
Clearly, using similar approaches for
CCS will help identify not only localised
risks (especially important for on-land
injection) but also the larger scale,
longer-term risks if systems perform less
well than expected. Generally, the
Meiringen group considered that system
understanding for carrying out SAs for
CCS is much less developed.
Linked to safety assessment are the
regulatory standards that are applied
when licensing disposal facilities. For
GD, national standards are based upon
well-used principles and standards
defined by the IAEA and are sufficiently
quantitative (whether in terms of doses
or risks to people) and generally agreed
to be prescriptive. At present, CCS
safety regulation is less developed and
qualitative. The current EC directive (for
example) is ambiguous about safety –
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talking, for example, only in terms of
‘significant’ risk. This should be
tightened up in the anticipated
2012 revision.
The localised nature of safety
assessments for GD means that site
characterisation for repositories is an
intensive matter. The recently completed
site investigations for the spent fuel
repository at Forsmark (Sweden) lasted
almost a decade, leading to probably the
most comprehensively characterised
volume of crystalline basement rock
(prior to excavation) anywhere in the
world. This repository will have a
footprint of about one square kilometre.
For CCS, the volume of rock involved is
considerably larger, with CO2 possibly
ending up several kilometres from the
point of injection.
Given CCS’s more limited
containment objectives and the ability to
rely on the evidence of past containment
provided by the reservoir rocks being
used, less site characterisation work is
considered necessary, perhaps using
only original hydrocarbon exploration
and production data. However, for some
on-shore sites and non-oil/gas reservoirs
(such as saline aquifers) the scale and
detail required is likely to be
commensurate with GD.

Barriers
combine both
engineered and
geological
containment

3D diagram of
radwaste
repository
concept

DISPOSAL & MONITORING
Disposal facility monitoring is an area of
overlaps and contrasts. In a CCS facility,
the main risk of leakage occurs during
and shortly after injection, but drops off
thereafter. There is consequently a
strong stimulus for monitoring the
progress of injection and looking for
signs of leakage during this period. In
GD, while post-closure monitoring may
provide reassurance, the passive nature
of the GD concept, the sluggishness of
processes at depth and the fact that a
repository cannot fail catastrophically,
mean that such monitoring will not be a
management tool. Indeed, that safety
must not depend upon the ability to
monitor is a ‘given’. No releases are
envisaged and, even if some aspect of
system behaviour were to deviate from
expectation, it would be more hazardous
(to the operators) to intervene than to
do nothing.

BGS laboratory
experiments
examining
CO2/mineral
interactions

DEPLOYMENT TIMESCALE
Perhaps the most critical difference
between the technologies is their
deployment timescales. There is actually
little objective urgency to dispose of
radioactive wastes, provided we are
prepared to live with them in secure

Inland ice –
radwaste
disposal must
address the most
serious possible
environmental
changes

CCS involves the capture of CO2 arising from the combustion
of fossil fuels to provide energy, transporting CO2 to a suitable
site, and storing deep underground in geological formations.
Images show injection in a marine environment
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surface storage, and provided we know
that a solution is definitely available –
bearing in mind, always, that the
most secure solution is to get
the materials deep
underground. Volumes are
relatively small and storage
is practical in the interim.
Nevertheless, policymakers find it reassuring if
a disposal solution (or a path to
one) exists, especially when they are
promoting nuclear power. In the UK,
this has perhaps been the main reason
why the GD programme has found itself
back on track. Although the first
European deep repositories will be
available in about 10 years’ time, it will
probably be well into mid-century before
most EU countries, UK included, have
operational facilities expected to stay
operational for up to a century or more.
In strong contrast, CCS on a very large
scale is urgent - on a timescale of decades
- if it is to be of any help in addressing
climate change. Consequently, the
promise of CCS has to be realised within
a certain time-window or it will become
progressively less worth doing. This sits
uncomfortably with planning horizons.
In the EU, the first commercial
deployment is now not envisaged until
2030 - possibly too late to contribute
significantly to the 30 Gt/a disposal
target that some climate modellers
consider necessary. This contrasts
sharply with the 2020 objective of having
100 CCS plants in operation.
Siting has been the downfall of many
GD projects and ‘technically-led’
approaches have destroyed both
programmes and organisations, and led
to decades of delay. Even in countries
that have adopted the enlightened
approach of calling for volunteer
communities to host radwaste disposal
facilities (e.g. Sweden, Japan, Belgium),
the process has proved slow or littered
with obstacles.
The UK is now in the early stages of
this process and appears to be making
good progress. Problems in the past
have led to considerable self-analysis in
the GD community, much experiencesharing and, it must be said, handwringing. There is much for CCS to
learn from this, especially as it appears to
be embarking upon the same road and
that demonstration projects on-shore face
similar obstacles.

WAYS FORWARD
The Meiringen meeting concluded that
all energy-related technologies using the

subsurface
should work closely
together. From the CCS
viewpoint there is a clear need for speed
and a comprehensive programme; it
cannot afford to stumble like GD.
The group proposed a number of
possible ways in which swapping
experience could help move both
technologies forward:
n establish a baseline of internationally
accepted principles and standards to
guide practices and assist regulators,
informed by the long-standing IAEA
approach to nuclear and radiation safety;
n collaborate on methodologies of
safety-case development and safety
assessment, sharing terminology
where appropriate;
n compare internationally recognised
best practices, including
governance issues;
n compare model approaches to
planning, integrating and evaluating the
results of site investigation methods;
n develop equivalent systematic
approaches to long-term data and
knowledge management;
n discuss benefits to communities
accepting the responsibilities of hosting
facilities in their areas;
n open a wide public dialogue on the
significance and perspective of short and
long-term, local and global risks with
respect to managing the by-products of
energy generation;
n extend discussions to involve
other industries relying on
geological containment.
Altogether, this was an enlightening
and encouraging meeting, particularly if
the impetus can be maintained by further
and spreading collaboration. There
certainly seems little to be gained by
maintaining a polite distance! n

* Neil Chapman ITC School of Underground Waste
Storage and Disposal and MCM Consulting,
Switzerland; Julia West British Geological Survey, UK;
Jordi Bruno UPC Barcelona and Amphos 21, Spain.
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DRAGON’S DEN
CO2 – VOLCANIC OR ANTHROPOGENIC?

Colin Summerhayes* considers the evidence and struggles to find substance
in the explosive political dispute over the real source of atmospheric CO2

A
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Above: Explosive
eruption takes
place on Vanuatu.
Photographed by
Anna Coulbeck.
All photographs ©
Anna Coulbeck.
Reproduced with
permission

globally - about as much annually
as human activities in Florida3.
This finding confirms the position
described in the Society’s recent
statement on climate change4.

DEGASSING
Terrence Gerlach of the Cascades
Volcano Observatory (USGS)
explains that volcanoes do, of
course, emit CO2 from the
degassing of magma. In the
absence of humans, they are the
major source for restoring CO2 lost
from the atmosphere and ocean by
silicate weathering, and the
deposition and burial of
carbonates and organic carbon.
Subaerial and submarine
volcanoes are estimated to emit
between 0.18 and 0.44 Gt

CO2/year (1 Gigaton = 1 billion
tonnes). The preferred average is
0.26 Gt CO2/year, which is
dwarfed by the 35 Gt CO2/year
now emitted by human activities.
These volcanic emissions are
comparable to the 0.2 Gt CO2/year
emitted by the flaring of waste
gases, the 0.22 Gt CO2/year
emitted from a couple of dozen
1000Mw coal-fired power stations
(equal to c. 2% of the world’s coalfired electricity generating
capacity), or the annual CO2
emissions from individual
countries like Pakistan or Poland.
So, the human-induced CO2
emissions estimated for 2010 - 35
Gt - were 135 times greater than
the 0.26 Gt CO2/year estimated
from volcanoes of all sorts.
▼

ccording to the
Intergovernmental
Panel on Climate
Change1, CO2 is
warming the
atmosphere. The
Panel is convinced that most of it
comes from human activities, not
from volcanoes; but many people,
including some Earth scientists
working in fields outside
volcanology, think that volcanoes
emit more CO2 than human
activities do2.
Although this belief is
widespread among ‘climate
sceptics’, the geological facts prove
otherwise. The latest review from
the US Geological Survey shows
that present day volcanoes emit
rather modest amounts of CO2

Time to drop
wet maps and
ﬁeld notes
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Gerlach calls this ratio the
‘Anthropogenic CO2 Multiplier’
(ACM) – an index of the
dominance of anthropogenic
over volcanic CO2 emissions.
The ACM rose gradually from
around 18 in 1900 to 38 by 1950,
then rapidly to its present level
of 135 (Gerlach supplies error
bars for those interested in a
higher level of detail). This
change reflects the exponential
rise in documented CO2
emissions from the burning of
fossil fuels.

PAROXYSMAL
Most volcanoes do not erupt
steadily. They tend to be
paroxysmal. Large, infrequent
eruptions can therefore cause
significant short-term
divergence from the global
estimate of 0.26 Gt CO2/year.
But as Gerlach notes, modern
volcanic paroxysms are unlikely
to have breached the upper
limit of 0.44 Gt CO2/year.
When Mt St Helens erupted
in May 1980 it contributed a
mere 0.01 Gt CO2. Even the
stupendous eruption of Mt
Pinatubo in June 1991 only
released around 0.05 Gt CO2.
Over a 100-year recurrence
interval, the 1991 Pinatubo
eruption would have added
only 0.0005 Gt CO2/year to the
global volcanic emission
average. Although the actual
rate of CO2 emission per hour
during a big eruption may be
about the same as
anthropogenic emissions over
the same period, eruptions
don’t last very long. As a result,
big eruptions have small effects
when averaged over the long
term. Gerlach writes:
“humanity’s ceaseless emissions
release an amount of CO2
comparable to the 0.01 gigaton
of the 1980 Mount St Helens
paroxysm every 2.5 hours and
the 0.05 gigaton of the 1991
Mount Pinatubo paroxysm
every 12.5 hours”.
Exploring further, Gerlach
notes that if global volcanic
output equalled or exceeded 35
Gt CO2/year, that would imply
that the annual mass of volcanic
CO2 emissions was more than
three times the known annual

Above: Vanuatu
contains regularly
active volcanoes,
which include
Ambae, Ambrym,
Lopevi, and Yasur. In
2009 Gaua volcano
erupted after many
years of dormancy.
But their effect on
CO2 levels globally
will have been
negligible

mass of erupted magma. Such
a supply would also suggest
that CO2 makes up more than
30 wt % of global magma
supply, which, if true, would
make all volcanoes
tremendously explosive.
In reality, CO2 concentrations
are more like 1.5 wt % in
magmas from ocean ridges,
plumes and subduction zones.
It is highly implausible
geologically that magma
production in amounts
sufficient to supply CO2 to the
atmosphere at present rates (i.e.,
over 40 times the rate of current
mid-ocean ridge magma
supply) can be occurring, in
some undiscovered magma
source, on the sea bed. Indeed,
Gerlach points out that the
release of such vast amounts of
volcanic CO2 into the ocean
would very quickly turn it acid.
To produce the CO2 volumes
required would call for magma
output rates that exceed the
known outputs of historic
Large Igneous Province
eruptions, and over much
shorter time spans.
No justification can therefore
be found in the rock record for
the volumes of magma
production, or high
concentrations of magmatic
CO2, that would be required to

support the notion that volcanoes
are behind the increases in
atmospheric CO2 that we have
seen since the industrial
revolution began. Volcanic CO2
is dwarfed by anthropogenic
outputs. Those who propose
otherwise should know better.
As our President is fond of
saying – “It is unwise to argue
with a rock”. n
* Scott Polar Research Institute,
Cambridge. Colin Summerhayes is
Vice President of the Society.
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LETTERS

Geoscientist welcomes readers’ letters. These are published as
promptly as possible in Geoscientist Online and a selection
printed each month. Please submit your letter (300 words or
fewer, by email only please) to ted.nield@geolsoc.org.uk.
Letters will be edited. For references cited in these letters,
please see the full versions at www.geolsoc.org.uk/letters

NOT EVERYWHERE

ENVIRONMENTAL SHOCKER
Image © Petrafler / Shutterstock

Sir, July’s was a most interesting
edition of Geoscientist - nice to see
hydrogeology in the news. Timely,
as well: for I was recently informed
by the School of Earth and
Environmental Science, Leeds
University, that their MSc in
Hydrogeology is to close, along with
Geochemistry and Environmental
Geochemistry, from September
2012, “due to low student numbers
on these courses… exacerbated by
the removal of NERC support for
studentships”.
I am advised by colleagues
that courses at Birmingham and
Cardiff may suffer the same fate,
and wonder about others. If
hydrogeology really is so important,
whence the hydrogeologists
of tomorrow?
Chris Everitt

NUCLEAR MELTDOWN
Sir, Having just joined the
Geological Society, I was much
heartened to read your May editorial
- perhaps the only editorial that I
have read in a serious magazine
that addresses nuclear energy
hysteria. It seems to be forgotten
by politicians of all shades, that
electricity is the oxygen of modern
day economies. Also that it takes
5+ years to build power stations.
Damon de Laszlo

The UK has taken
over a century, and the
promptings of several
major disasters, to legislate
piecemeal for good
environmental practice

Sir, Sarah Day quotes our President’s
astonishing assertion on the environmental
record of the hydrocarbon industry
[Geoscientist 21.6 p07 ]. I challenge
Dr. Lovell to cite a single example of a state
where environmental legislation has been
introduced, maintained or enforced without
the concerted, systematic and sustained
opposition of the hydrocarbon industry.
In the UK, it required over a century of
piecemeal legislation, generally stimulated by
the latest disaster, before our coal industry
was forced to adopt comprehensive policies
addressing good practice. In the US, there
has never been adequate, national
environmental legislation, and the EPA has
never had the funds or the staff to enforce
basic standards.
An elementary knowledge of the legacy of
historical exploitation in the landscape would
acknowledge Aberfan, Appalachia and the
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BENEFITS FORGOT
"bings" of the Midland Valley. In global terms,
the employees and residents of the Gulf of
Mexico, the Middle East, the North Sea, Spain
and Alaska might query the adequacy of their
environmental protection or safety at work.
The introduction and enforcement of basic
environmental legislation takes generations of
functioning democracy, and universal
education; worldwide action starts from there.
Which planet was Dr Lovell referring to?
Tony Smith
President replies: The context here is UK, not
global. The relevant record in this context is the post
oil-shale, UK onshore oil industry: Wytch Farm,
rather than West Lothian. The broader
environmental issue of the folly of using a deal of
shale gas without carbon capture and storage was
emphasised by Tim Yeo in presenting the
Parliamentary Committee's report, and quoted by
Sarah Day. Can shale gas be taken safely out of the
ground? Yes, given care and cost. Can that gas be
burnt in quantities and its carbon then dumped into
the atmosphere with impunity? No.

Sir, I telephoned the Society today
to discover - to my dismay - that
one of the main reasons I remain a
Fellow of the Geological Society has
been summarily withdrawn. I refer
to the Fellow’s Bedroom, a
wonderful facility, whereby Fellows
could enjoy a night in the basement
of Burlington House at reasonable
cost. I wish to register my protest
that this thing has been done
without any proper consultation.
Name and address supplied
Editor writes: In 1998, after
falling demand, and changes to the
working arrangements of the Society’s
live-in caretakers Sid and
Norma Barton
(deceased), the
‘Fellows Bedroom’
was
withdrawn to
create the
present
post and
photocopying
room.
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Sand: A journey
through science
and the imagination
This enchanting and entertaining book
has a rather poetic style, but is let down
by poor figures and plates and an
irritating habit of mixing metric and
imperial units. It does, however, boast
excellent quality printing and binding,
and is suitable for all those interested in
geology, from amateur to professor.
It introduces the reader to the world
of the arenophile (people who love and
even collect sand), and covers
everything from single grains to
granular materials in bulk. It does not
deal much with hard science but
requires some knowledge of American
geography, history and literature to
make the most of some sections.
The book features some regulars: the
Permian mass extinction, the Chicxulub
meteorite impact, the break-up of
Pangaea, the formation of the Moon
and uniformitarianism. These are
enlivened by the beautiful style of their
presentation. Beyond this the text
touches on the simple mathematics of
dealing with and understanding
sediment data and with the theory of
very small and very large numbers.
This leads on to a discussion of how
long is geological time. There is a brief
diversion into geomorphology (e.g.
meandering and river evolution), before
a more detailed account of the
formation of sandstone. There is also an
interesting discussion on how
quicksand works and a section on
forensic geology.
The book is distinctive in exploring
various aspects of religion and culture
and the role that sand has played in
them. It also looks at modern artists
and their interaction with sand before
reviewing, more conventionally, uses of
sand in the modern world - from glass
to pharmaceuticals and paper
manufacture. Interesting, sand-related
anecdotes litter the text. I particularly
liked the tale of the Oogaroo

(a vampire) in the Caribbean that can,
apparently, be distracted by putting a
pile of sand outside your front door. The
Oogaroo is an obsessive counter and has
to count the grains of sand. Moreover,
you should mix in some talons of the
Ground Owl (Athene cunicularia Molina
1782), because on finding them the
vampire will be so distressed that it will
lose count and start again. This will all
take so long, that the Oogaroo will no
longer pose a threat.
All in all this is an outstanding book
that makes, as its title suggests, for a
leisurely yet stimulating read.
Reviewed by Steve Rowlatt,
Bishop’s Stortford
SAND: A JOURNEY THROUGH SCIENCE AND
THE IMAGINATION
MICHAEL WELLAND PUBLISHED BY: OXFORD
UNIVERSITY PRESS 2009
ISBN: 978-0-19-958818-3 (PBK) 333PP
List price: £9.99 www.oup.com

Introducing Palaeontology:
A guide to ancient life
This attractive, well-presented, nicely
illustrated paperback is written in clear,
accessible English, is sturdy and
printed on good quality paper. It is a
useful introduction to fossil study with
the first part devoted to principles and
the remainder to a taxonomic account
of the fossil groups arranged in logical
manner. The author has done well to
cover all the major groups of fossils
(plants, microfossils, invertebrates,
vertebrates and trace fossils) in such a
short, reasonably balanced account.
Technical terms requiring explanation
are highlighted and found in the
glossary at the back, which doubles as
an index. The technical content of the
book is enlivened and enriched
throughout by a series of historical
cameos and explanations. Colour
illustrations on most pages are
generally photographs of museum
specimens, but the general lack of
at least a relative scale for the
illustrated specimens is a significant

omission – size is an essential feature
of fossil morphology.
It is always a problem to decide how
much to put into or leave out of a text
like this. For instance a novice reading
this account would have no clear idea
of what diatoms, dinoflagellates or
coccolithophores are, other than that
they are some kind of unicellular alga.
There are some potentially minor
confusing stratigraphic usages. For
instance ‘Pleistocene’ occurs in the text
but ‘Quaternary’ appears in the
stratigraphic chart. There are a number
of existing introductory texts for
palaeontology, some of which are listed
under additional reading. Although
they all fulfill a role, they are often
rather heavy on content and technical
detail. Additionally, they generally
portray only part of the fossil spectrum.
This book, by presenting a brief
overview of the broad story of fossils,
is far more accessible.
Any introduction should have some
pointers for more advanced study and
other information, which here is
provided at the start of the book. A
possible addition to these suggestions
for further reading would be a selection
of websites. Introductory courses in
fossil study will probably use this as a
recommended book, but anybody
wanting an introduction to fossils
would find this a good start. It is the
kind of book that I would like to have
had as a key background read for my
students on general introductory
courses in palaeontology. Keenly
priced, it deserves success.
Reviewed by George F Forsey,
Northampton
INTRODUCING PALAEONTOLOGY:
A GUIDE TO ANCIENT LIFE
PATRICK WYSE JACKSON PUBLISHED BY: DUNEDIN
ACADEMIC PRESS 2010, ISBN: 13: 9781906716158 (pbk)
List price: £9.99, www.dunedinacademicpress.co.uk

REVIEWS: COPIES AVAILABLE
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.

n Igneous Rocks and Processes,
Wiley Blackwell, Gill, R. (2011)
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GEOSCIENTIST PEOPLE

PEOPLE
CAROUSEL
All fellows of the Society are
entitled to entires in this
column. Please email ted.nield
@geolsoc.org.uk, quoting your
Fellowship number.

Geoscientists in the news
and on the move in the UK,
Europe and worldwide

Face of the Earth
As Dan McKenzie receives the Copley Medal of the Royal Society, it is
surely time to remember its previous geological recipient, Eduard Suess

n DAN MCKENZIE
Dan McKenzie
has been awarded
the Copley Medal
of the Royal
Society, its highest honour,
first given in 1731. The
citation reads: “for seminal
contributions to the
understanding of geological and
geophysical phenomena
including tectonic plates”.
It has been won by Charles
Darwin, Thomas Huxley, Albert
Einstein, and was last awarded
for research in geology in 1903
(to Eduard Suess).

n COLIN PILLINGER
Colin Pillinger
has won the Royal
Society’s Faraday
Prize and Lecture
‘for his excellent work in science
communication’.

n TED ROSE
Ted Rose has been
honoured by the
Institute for Military
Geography of the
Austrian Armed Forces. Volume
2 of its International Handbook:
Military Geography
(Truppendienst, Vienna, June
2011: ed. H Häusler & R Mang)
contains a dedicatory article
celebrating Ted’s 70th birthday
and his publications.

n WEN JIABAO
Wen Jiabao,
Premier of the
People’s Republic of
China and a
geologist by training, has been
awarded the Royal Society’s
King Charles II Medal.
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Eduard Suess was born at 5
Duncan Terrace, in Islington,
London, which gives today
onto a narrow strip of
municipal gardens. These
were laid on the site of the
New River, a canal completed
in 1613 to bring fresh water

from Hertfordshire to the
metropolis, at Sadler’s Wells.
The house bears a plaque,
put there by The Geological
Society of London.
Geologists revere Suess
for his monumental The Face
of the Earth (Das Antlitz der

Erde) in which he became
the first to conceive of and
name a long-vanished
landmass uniting the
southern continents “Gondwana-Land”. But he
was also a man of action. In
a strange echo of his birth
beside Sir Hugh
Myddleton’s New River,
Suess (by that time back in
Austria) lambasted Vienna’s
typhoid-ridden water
supply and proposed a
dramatic solution: a
Viennese “New River”.
Suess joined Vienna’s
City Council in 1862,
pushing forward the
first Wiener
Hochquellenwasserleitung –
Vienna Mountain Spring
Water Pipeline – which
eventually solved the
problem in 1873 (and is
still in use today).
You can read more about
Suess in Ted Nield’s book
Supercontinent – 10 billion
years in the life of our planet
(Granta Books, 2007).

IN MEMORIAM WWW.GEOLSOC.ORG.UK/OBITUARIES
THE SOCIETY NOTES WITH SADNESS THE PASSING OF:
Carr-Brown, Barry*
Edwards, Wilfrid Thomas*
Thomas, Peter Robert
In the interests of recording its Fellows’ work for posterity,
the Society publishes obituaries online in Geoscientist. The
most recent additions to the list are 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 can read the
guidance 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
at www.geolsoc.org.uk/obituaries.
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HELP YOUR OBITUARIST
The Society operates a scheme for Fellows to deposit
biographical material. The object is to assist obituarists
by providing contacts, dates and other information, and
thus ensure that Fellows’ lives are accorded appropriate
and accurate commemoration. Please send your CV
and a photograph to Ted Nield at the Society.

DISTANT THUNDER

Can’t stand the rain

Geologist and science writer Nina Morgan investigates some ingenious ways of keeping dry
Finding clever ways to overcome
wet weather has always been
one of the challenges of
fieldwork. As a student I
recall being wildly
impressed on hearing
that geologists in the
Irish Geological Survey
had taken to replacing their
field notebooks with small
Dictaphones – then the
white heat of technology –
to enable them to avoid
‘soggy illegible notebook
syndrome’ and continue
mapping during the
notoriously rainy Irish
field seasons.
But Dictaphones were
not an option for
geologist John Phillips
when mapping with the
Geological Survey in the
very wet wilds of south-west
Wales during the autumn of
1841. In a letter to his sister
Anne written from 'St Clares'
[i.e. St Clears] in October
1841, he reports that: "Five
days it has been raining fiercely;

& we have each day confronted
the storms, getting wet as
neptunian geologists ought
ever to be."
But whatever else it did, the
rain must also have stimulated
Phillips's creative imagination to
come up with an ingenious way
to keep dry. In November 1841,
he wrote again to Anne,
requesting her to go to a local
umbrella shop and have made
up "a thin oiled silk Cloak" to his
precise specifications. "Don[']t
get it too long, he entreated.
"I only want to protect the body,
& don't like the Mackintosh
stuff. Send it to Fishguard, as
soon as possible – you can tell
the proper size by tying it on."
It must have done the trick.
In a letter to Anne sent at the
end of November 1841 from
Carmarthen, Phillips remarked
that "I had a day’s pleasant
walk and [in] spite of much
rain am quite well & free from
colds." And that year his field
season carried on until the
end of the year!

ACKNOWLEDGEMENT
The sources for this vignette
include three of the 234 letters
written by John Phillips to his
sister Anne which are preserved
in the archives in the Hope
Library at the Oxford University
Museum of Natural History.
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 website at
www.geolsoc.org.
uk/hogg where the
programme and abstracts
from the Conference on
Geological Collectors and
Collecting are available as a
pdf file free to download.
* Nina Morgan is a geologist
and science writer based
near Oxford.
Left: Cartoon by T Sopwith
showing Professor William
Buckland in bespoke field attire…
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PETER ROBERT THOMAS 1939-2011
Structural geologist who worked in the NW Highlands and transferred his skills to engineering geology
eter graduated
from Liverpool
University in
1962 with an
honours degree
in Geology, having been a
Student Fellow of the
Society since 1960. This
was the Shackleton/Rast
era of intense debate and
controversy that enlivened
the excellent lectures of the
Herdman Society of which
Peter was President in
1961-62. With Mike
Edmunds the results of
their honours theses were
published in 1963,

P
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recording polyphase folding
in Central Connemara.
Peter then undertook an
arduous three years’ mapping
in the Grampian Group of the
Scottish Highlands for his
PhD. This was one of the first
accounts of polyphase folding
in these rocks and was the
core of his subsequent
geological work. His fieldsheets reveal meticulous
mapping and the results,
from the remote parts of
Atholl and Ben Alder Forests,
have established the Ossian
Steep Belt as a major source
of upright isoclinal folds.

He also made a substantial
contribution to the
remapping of the 1:50:000
Sheet 55W (Schiehallion) for
BGS. His final paper on the
Grampian structure was with
Geoff Tanner, published in
2010, detailing the geometry
and age of some of the major
recumbent folds in the Glen
Orchy district.

MOTORWAYS
Peter saw opportunities in
engineering geology as a
desirable and useful way of
practising geology. Joining
Soil Mechanics Ltd was an
eye-opener to complex
testing methods and
fascinating site-work at a
time of great civil
engineering expansion in
Britain. Experiences came
thick and fast as motorways,
dams, bridges, tunnels,
factories and hospitals were
being planned throughout
the country.
There was so much
geological misunderstanding
between engineers and
geologists in the sixties that
Peter decided to find a good
college or university where
practical sandwich degrees
were taught – this meant that
students understood sites
and office life and could
better see the relevance of
ground engineering. He
joined Paisley College of
Technology where he used
many innovative techniques
and where MACDATA
(Materials And Components
Development And Testing
Association) was set up by
staff and a consultancy was
born. He became MIGeol in

1984 and CGeol in 1990.
Peter was later invited
to join the Geotechnical
Division of the Civil
Engineering Department
at Strathclyde University
to start up new labs and
courses at undergraduate
and postgraduate levels,
concentrating on
Engineering Geology and
Rock Mechanics. Further
innovative teaching using
live and in house videos,
expert systems and
practical geological and
geophysical work, gave
students experience rarely
found in other courses.

LAKE DISTRICT
Peter retired in 1994 and
has since completed two
projects. The first
involved the health and
safety of all of
Burlington’s quarries in
the Lake District and the
second was working with
members of Westmorland
Geological Society to
produce a 1:10,000 Sheet
SD48SW for BGS together
with the research report.
The results of some of this
work, with which he was
particularly pleased, was
published, with Mike
Balderstone, shortly
before his death.
He would leave, he
said: “a contented man –
no prizes, no medals, just
a great life at an exciting
time in history”. Sadly,
he also leaves Helen his
wife, a daughter, a son
and four grandsons.
By Jack Treagus

CALENDAR GEOSCIENTIST

ENDORSED TRAINING/CPD
CONTINUING PROFESSIONAL DEVELOPMENT (CPD) COURSES
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.
n For endorsed courses run by ESI Ltd, visit www.esinternational.com or contact CoursesUK-ESI@esinternational.com
n For endorsed courses run by FUGRO Engineering Services, visit www.fes.co.uk/courses or contact s.poulter@fes.co.uk

DIARY OF MEETINGS AUGUST/SEPTEMBER 2011
CAN’T FIND YOUR MEETING? VISIT WWW.GEOLSOC.ORG.UK/LISTINGS – FULL, ACCURATE, UP-TO-DATE
Meeting

Date

Venue and details

Dynamic Topography. A key surface record
of deep Earth processes
GEOLOGICAL SOCIETY
ROYAL ASTRONOMICAL SOCIETY
BRITISH GEOPHYSICAL ASSOCIATION

1-2 September

Bringing together geologists, geomorphologists and geophysicists seeking to understand
how processes operating within the mantle interact with those acting on the surface to
shape the Earth's topography and control sediment and geochemical flux.
Venue: Burlington House (Geological Society). See website for details & registration.
Contact: Georgina Worrall T: 020 7434 9944 F: 020 7494 0579
E: georgina.worrall@geolsoc.org.uk

Fermor 2011 - Ore Deposits in an
Evolving Earth GEOLOGICAL SOCIETY

7-9 September

Venue: Burlington House. See website for details & registration. Contact: Georgina
Worrall T: 020 7434 9944 F: 020 7494 0579 E: georgina.worrall@geolsoc.org.uk

Source Rocks: Character, Prediction
and Value
PETROLEUM GROUP

12-14 September

Venue: Burlington House. Registration: £150 (Fellows); £250 (Non Fellows). Call for
Abstracts - deadline passed. See website for details and registration.
Contact: Steve Whalley T: +44 (0)20 7432 0980 E: steve.whalley@geolsoc.org.uk

Joint meeting with ICE: The Engineering
Geology of Central & East London
SOUTH EAST REGIONAL ICE

13 September

Speaker: David Entwisle, British Geological Survey. Venue: The Gatwick Manor Hotel,
Crawley, West Sussex RH10 9ST Date/Time: Tuesday 13 September 2011,
1800 for 1830

The Hans Cloos Lecture: The Contribution of
Urban Geology to the Development,
Regeneration and Conservation of Cities
(followed by AGM) ENGINEERING GROUP

14 September

Venue: Burlington House. Venue: University of Bristol. Contact: David Entwistle
T: +44 (0)115 936 3378 E: dce@bgs.ac.uk

Problems Associated With Peat Extraction
SOUTH WEST REGIONAL

14 September

Speaker: John Hall (South West Geotechnical). Venue: Ley Arms, Kenn, Near Exeter.
Time: Buffet 18.30; meeting 1900. Contact: Cathy Smith E: swrg@geolsoc.org.uk

Darcy Lecture 2011: Development of reliable
hydrologic data sets in difficult environments:
case studies from Benin, West Africa
HYDROGEOLOGY GROUP, INTERNATIONAL
ASSOCIATION OF HYDROGEOLOGISTS

14 September

Speaker: Professor Stephen Silliman (University of Notre Dame). Venue: University
College London. See website – full meeting programme available shortly.
Contact: Nicky Robinson E: nicky.robinson@atkinsglobal.com

The Thames Through Time
A BURLINGTON HOUSE LECTURE

20 September

Speaker: Danielle Schreve, Professor of Quaternary Science, Royal Holloway, University
of London. Venue: Burlington House (Geological Society). Time: 17:30 (Tea), 1800
(Lecture) 1900 Reception, 20:00 Ends. Entry free to all, but by ticket only. Contact:
Georgina Worrall. T: 020 7434 9944 F: 020 7494 0579 E: georgina.worrall@geolsoc.org.uk

Exceptionally Preserved Fossils: Rare
Windows on The Evolution of Life
GEOLOGICAL SOCIETY
SHELL UK (SHELL LONDON LECTURE)

21 September

Speaker: Prof. David Siveter (University of Leicester). Venue: Burlington House
(Geological Society). Time: 1430 & 17:30 (Tea), 1500 & 1800 (Lecture) 1900 Reception,
20:00 Ends. Entry free to all, but by ticket only. Contact: Georgina Worrall.
T: 020 7434 9944 F: 020 7494 0579 E: georgina.worrall@geolsoc.org.uk

Discoveries of the 21st Century - Standing
on the Shoulders of Giants
PETROLEUM GROUP

25-28 September

For 30 years the Petroleum Group has tracked the development of petroleum geosciences
in exploration and exploitation. This meeting will focus on the highest profile petroleum
discoveries and new plays of the last 10 years. See website for details and registration.
Contact: Steve Whalley T: +44 (0)20 7432 0980 F: +44 (0)20 7494 0579
E: steve.whalley@geolsoc.org.uk
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PESGB is pleased to announce a new two day conference on
exploration, development and production of oil & gas from the
West of Shetlands region
About the West of Shetlands Conference

Should I Attend?
Evening Reception

NEW: Poster Presentations

Registration online at www.pesgb.org.uk
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CROSSWORD GEOSCIENTIST

CROSSWORD NO. 150 SET BY PLATYPUS

WIN A SPECIAL PUBLICATION
The winner of the July Crossword
puzzle prize draw was Hilary
Blagbrough of Huntingdon
All correct solutions will be placed in the
draw, and the winner’s name printed in
the November issue. The Editor's
decision is final and no correspondence
will be entered into. Closing date –
September 26.
The competition is open to all Fellows,
Candidate Fellows and Friends 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.
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
scan the signed form and email it as a
PDF to ted.nield@geolsoc.org.uk
Name ....................................................

ACROSS

DOWN

6

Affected by Laxfordian and
Scourian and overlain by
Torridonian (8)

1

D'ye ken this method for examining
carbonates under the microscope? (4)

2

8

Isostatic rebound might
account for it, for example (6)

Major algal group, mostly unicellular
component of phytoplankton (6)

3

A subset of 'real numbers', one of these
can be written without fractional or decimal
component (7)

10 Allergenic protein from wheat,
barley and rye (6)

...............................................................
Membership number ...........................
Address for correspondence ..............
...............................................................
...............................................................
...............................................................
..............................................................

4

Light, highly vesicular volcanic glass (6)

5

African triangular thing, far better done
now than ever (4)

13 Small island, on a river bend (4)

7

15 Special ingredient of prison
tea (7)

Charged by loss or addition of electron,
for example (7)

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

9

Book stand for reading (7)

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

17 Fly agaric (7)

12 Unit of permeability (5)

20 Large oceanic circulation (4)

14 Group of eight (5)

21 Fluvially convergent (9)

16 Raving ladies in the train of Bacchus (7)

23 To structurally alter proteins
and nucleic acids by applying
chemical or physical stress (8)

18 Copious coarse, poorly sorted sediment
eroded from newly elevated mountain
ranges (7)

25 Truly, the magnesium
aluminium end-member of this
cubic-system oxide mineral
group (6)

19 Forces in, like magma (7)

11 Paradoxically both the newest
and oldest geological Period (8)
12 Conversion on the road (9)

27 Pull-apart basins, occasionally
rhomboid... (6)
28 Systematic study of religion (8)

21 Elevated limestone plateau of the Midi (6)
22 You can live off it (though Crocodile Dundee
might not recommend it for its flavour) (6)
24 Seismic wave rebound (4)
26 Units of work (4)

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

SOLUTIONS JULY
ACROSS:
1 Juvenile 4 Riedel 9 Stalin 11 Limonite
12 Percolate 13 Char 15 Hagfish 17 Caisson
20 Perm 21 Asteroids 23 Hydrogen 25 Pineal
27 Ballet 28 Indrustry
DOWN:
1 Punt 4 Teller 9 Aeolian 10 Gramme
5 Kent 7 Igneous 9 Eunuchs 12 Prase 14
Aeons 16 Femoral 18 Atrypid 21 Augite 22
Ionise 24 Year 26 Acre
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RECRUITMENT

The best move you will ever make.
Rio Tinto is the second largest supplier to the

city on the shores of the Indian Ocean and in the

global iron ore trade. Our Australian iron ore

spectacular Pilbara region, famous for its ancient

operations are experiencing phenomenal growth

heritage and breathtaking landscapes.

and due to this we have exciting and challenging
positions
Engineers

available
including

for

qualified

Specialist

Geotechnical
and

Principal

roles. The opportunities are located in Perth,
Western Australia’s vibrant and cosmopolitan capital

To apply, visit our website:
www.riotinto.com/careers
30 SEPTEMBER 2011

To apply for a position with Rio Tinto please register
your interest at our website, searching for PER0029B –
Geotechnical Engineer or for more information please
email, movingtoaustralia@riotinto.com

