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to engage industry groups and academia in a dialogue and knowledge sharing that reﬂects the current
status and future potential of this important area.
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t may surprise readers of this magazine to
learn that Dr Joe McCall, who has died aged
92, ‘retired’ in 1991, after a long career.
Since then, most will have associated his
name with Geoscientist, on whose Editorial
Board he was the longest-serving member, for
over 225 issues.
Joe’s enthusiasm for the magazine, which was
created from the IG publication British Geologist in
1991, was inspired by his concern that Earth
scientists increasingly work in narrow fields, and
needed to have other aspects of their science
interpreted for them. His own beat however
remained incredibly large, embracing the Archaean,
Vendian/Ediacaran fossils, hominids in the Rift
Valley (where he worked with the Leakeys),
carbonatites, caldera volcanoes, mass extinctions,
plate tectonics, environmental geology, diamonds
and gold, meteoritics, planetology, asteroids, comets
and ‘exoplanets’.
During his Geoscientist years, including an early
stint as features editor, he commissioned many
contributions from friends and colleagues (Sir Patrick
Moore included). Joe also wrote a number of review
volumes for the Society and others, and edited
several Special Publications. In 1997, he coconvened a Fermor meeting on meteoritics,
welcoming Gene Shoemaker only months before his
untimely death in Australia, on the sort of desert
road Joe knew well from his time at the University of
Western Australia, Perth. Joe was lead editor on SP
140, which arose from that meeting. It was this
conference, and Joe’s continued encouragement, that
eventually led me to write my own meteorite book.
There must be hundreds of people, like me, for
whom Joe’s influence was equally pivotal.
Joe found time to write a book about tektites,
Showers of Glass from the Sky, published by the Society
in 2001. He also joined the History of Geology
Group, and organised a meeting, on the History of
Meteoritics, in 2004. On this occasion also, he edited
the resulting SP – number 256. Joe was, simply, a
stupendous worker. In 2005, this capacity was tested
when he was brought onto the editing team of
Elsevier’s monumental Encylopedia of Geology and
reviewed 100 articles - besides writing 16 entries
himself including all those on extraterrestrial aspects
of Earth science.
Joe won the Society’s Distinguished Service Award
in 2011. He was charming, occasionally
cantankerous, but always warm-hearted - and filled
with fascination for the Earth and all her ways. It
was a privilege to work with him. We are all the
poorer for his loss, and the Editorial Board of this
magazine shall not, I am sure, see his like again.
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SOCIETYNEWS
PUBLISHING HOUSE TURNS 25!

Society Awards 2014
Fellows of the Society are invited to submit nominations
for the Society’s Awards for 2014 to the Awards
Committee. Full details about how to make
nominations may be found at
www.geolsoc.org.uk/awards.

On 6 June 1988, the Geological Society Publishing House first opened for
business in the beautiful city of Bath, reports Emily Milroy.
The venture was a huge success and 25 years on, the Society now publishes
seven journals and adds 20-25 books a year to its vast back catalogue of more
than 400 publications.
Nearly all publications are available online via the Lyell Collection
(www.lyellcollection.org), and the Publishing House acts as publisher and
distributor for a wide range of international organisations.
The Publishing House’s growing customer base makes regular use of the
recently redesigned online bookshop (www.geolsoc.org.uk/bookshop) and our
telephone order line (+44 (0)1225 445046). Visit
www.geolsoc.org.uk/newslettersignup to sign up for the bookshop
newsletter.
The Publishing House team on 7 March
1989, at the official opening reception

Nominations must be received at the Society no later than
Friday, 4 October 2013

Council room refurb
The Council Room will be closed for refurbishment from
17 June until mid September. There will inevitably be
some noise and disruption while this work is carried out
but the Library will remain open. The Arthur Holmes
room will be used as a temporary office during this time
so will not be available for meetings. Edmund Nickless

The Publishing House team today

FUTURE MEETINGS
Dates for meetings of Council and Ordinary General Meetings until April
2014 shall be as follows:
n 2013: 24 & 25 September (Council residential) – OGM at 1630,
25 September; 27 November
n 2014: 5 February; 9 April
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FROM THE LIBRARY

[lectures]

The library is open to visitors
Monday-Friday 0930-1730.

Shell London
Lecture Series
By Rogers et al. ( via Wikimedia )

Life at deep sea
hydrothermal
vents: biodiversity
in a new resource
frontier
Speaker – Dr Adrian
Glover (Natural History
Museum)

3 July 2013

Dr Adrian Glover is a Researcher specialising in deepsea biology. His research ranges from the taxonomy of
microscopic polychaete worms to the ecology and
evolution of life at hydrothermal vents and the muddy
abyssal plains. He has taken part in numerous deepsea oceanographic cruises around the world including
the Pacific, Atlantic and the Antarctic oceans.

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

Sponsor a Book update!
The Library thanks Professor Paul
Henderson for his donation to the
Sponsor a Book
Appeal, which
has allowed us
to restore Rene
Just Hauy’s
Traité des
caractères
physiques des
pierres
précieuses,

pour servir a leur détermination
lorsqu’elles ont été taillées [sic].
The 1817 volume was carefully
conserved by Aquarius Book
Restorers, who replaced the perished
calf spine and corners while preserving
the original marble boards.

For more information about the Sponsor
a Book Appeal: W: www.geolsoc.org.
uk/sponsorabook, or
E: library@geolsoc.org.uk

Dr Glover told Geoscientist: “In this talk I will summarise
our current understanding of biodiversity at deep-sea
hydrothermal vents, and compare it with the softsediment, muddy habitats that dominate the rest of the
deep seafloor. I will discuss the potential impacts of
deep-sea mining and the importance of biological data
and outline some of the very newest results from an
expedition this year to the Cayman Trough, the worlds
deepest hydrothermal vent, which lies in an exclusive
economic zone of the UK.”

n Programme – Afternoon talk: 1430 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/
shelllondonlectures13. Entry to each lecture is by
ticket only. To obtain a ticket please contact us 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.

Contact: Naomi Newbold, The Geological Society,
Burlington House, Piccadilly, London W1J 0BG,
T: +44 (0) 20 7432 0981
E: Naomi.newbold@geolsoc.org.uk

n LITERATURE SEARCHING

n POSTAL LOANS

Not enough time or struggling to find
the information you need ? We can
search a wide range of resources on
your behalf and send you the results
directly to your inbox. To find out
more about this service, please email
library@geolsoc.org.uk

You do not need to live in London to
borrow books, maps or journals
from the library – we can post them
to you ! For more information,
contact library@geolsoc.org.uk or
call 020 7432 0999

n DOCUMENT DELIVERY
Not based in London or simply too
busy to come to the library ? We can
send you by post or fax photocopies
of articles from our collection.
To find out more about this service,
please email library@geolsoc.
org.uk or call 020 7432 0999

n SPONSOR A FISH
Thanks to everyone who has so far
donated to our appeal to conserve
and digitise the three thousand
watercolours from the fossil fish
collection of Louis Agassiz. More
information about the appeal can
be found at www.geolsoc.org.uk/
sponsorafish
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The LIPs have it
WRITTEN BY GERTA KELLER
Gerta Keller (and collaborators)* on a recent conference
that conclusively showed how nearly all mass extinctions
were principally the result of LIP eruptions

SOAPBOX CALLING!

OVERWHELMING
There was overwhelming agreement that a
single large asteroid or comet impact
(Chicxulub) could not have been the
sole cause of the end-Cretaceous
mass extinction, but rather was
a contributing factor. Longterm biological,

environmental and climatic changes before,
at and after the bolide impact horizon call
for a multi-cause scenario, certainly
involving volcanism and possibly multiple
impacts or comet showers.
Participants gained an improved
understanding of how LIP eruptions
affect the biosphere. This included data
and conclusions derived from atmospheric
chemistry, geochronology of eruptions,
associated mechanisms of climatic
changes and the direct effects on specieslevel extinctions.
Mass extinction patterns can tell us much
about the age, tempo and nature of the
catastrophe and the type of environments
most affected. We know most about the
end-Cretaceous event. However, similarly
detailed records are still needed for the
others. If common patterns, or critical
differences, between mass extinctions are
found, these can yield critical evidence for
or against specific extinction mechanisms.
Ultimately, the effects of volcanism,
impacts, sea-level and climate change
(warming and cooling), ocean acidification
and anoxia, and atmospheric changes
have to be considered in any extinction
scenario if we are to understand the causes
and consequences of mass extinctions.
Moreover, these data hold keys to helping
us understand and cope with the looming
environmental and extinction crises in
our own time.
A GSA Special Paper will be a lasting
record of the meeting and act as a guide to
the multi-disciplinary studies yet required
to resolve outstanding problems in
understanding the causes and effects of
mass extinctions.

Further reading: Keller et al. (2013) www.geolsoc.or
g.uk/Volcanism-impacts-and-mass-extinctions-2
*Gerta Keller, Department of Geosciences,
Princeton University, Princeton NJ, USA; Andrew C
Kerr, School of Earth & Ocean Sciences, Cardiff
University, UK; Norman MacLeod, The
Natural History Museum, London 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).

~

The Natural History Museum in London
recently hosted an international multidisciplinary conference that brought
together 150 researchers in geology,
geophysics, geochemistry, volcanology,
sedimentology, paleontology and
astronomy to review and assess recent
research into the causes of mass extinction
events. Volcanism, Impacts and Mass
Extinctions: Causes and Effects (March 27-29)
attracted seasoned experts as well as
younger researchers and students who,
listening and learning from each other in
spirited, constructive discussions,
developed a new, collaborative, multidisciplinary approach to resolving
outstanding problems. The data and
concepts presented will have value well
beyond geoscience, particularly in facing
modern environmental crises. Our main
conclusions were as follows.
Large igneous province (LIP) volcanism,
and the environmental change it wrought,
probably played a significant role in at least
four of the five major mass extinctions in
Earth history: end-Cretaceous, end-Triassic,
end-Permian (two distinct events) and endDevonian. However, the exact causal
mechanisms by which 50-90% of the species
preserved in the fossil record became
extinct at each event remains to be worked
out. Better age-control for individual lava
units and extinction events is critical to
establish the relationship between causes
and effects.

THERE WAS
OVERWHELMING
AGREEMENT THAT A
SINGLE LARGE
ASTEROID OR COMET
IMPACT (CHICXULUB)
COULD NOT HAVE BEEN
THE SOLE CAUSE OF
THE END-CRETACEOUS
MASS EXTINCTION, BUT
RATHER WAS A
CONTRIBUTING
FACTOR

Gerta Keller

~
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SNOWBALL EARTH
The Neoproterozoic Era (1000-542 Ma) has
garnered much interest among geologists
and palaeontologists alike. It represents
an interval of environmental upheaval
during which the Earth endured several
geographically widespread glaciations,
the ‘Snowball Earth’ events, accompanied
by pronounced carbon-cycle variation.
These environmental changes provide a
remarkable climatic backdrop to an
interval in which the Earth moved from
being a ‘bacterial world’ to one containing
large and diverse animals. Indeed the
first fossilised animals appear toward the
very end of the Era.
Yet other members of our domain, the
Eukaryota, have a deeper fossil record
which stretches back to the beginning of
the Proterozoic Eon and perhaps even
further. Palaeontologists have worked
throughout the past two decades to

assemble a diverse record of eukaryotic
fossils from Neoproterozoic rocks
worldwide. However, the rocks of Islay
have contributed little to this story.
Surprisingly, despite recording a
significant portion of Neoproterozoic
time in extensive exposures, no
confirmed eukaryotic fossils have ever
been reported from the Scottish
Dalradian Supergroup. Perhaps if
eukaryote fossils existed, they were
erased by metamorphism. Or maybe, the
fossils are present - hiding from view.
Several months earlier I had contacted
Ian as, being originally from England, I
hoped to start a project in Britain for my
undergraduate thesis at Harvard. Ian
pointed me to a journal article he wrote
in 1977 for Geological Magazine in which
he documented enigmatic spherules, c.
100μm in diameter, from Dalradian
mudstones on Islay. These, he suggested,
recorded eukaryotic microfossil walls
that had been filled
penecontemporaneously with glauconite,
later transformed to phengite.
The evidence Ian marshalled for this
interpretation included the observations
that the spherules had a restricted size
distribution, consistent with a biological
origin; they were collapsed next to
desiccated margins, suggesting they were
hollow prior to sedimentation, and
possessed internal petrological features
that demonstrated an early mineral fill.
While this hypothesis was plausible,
Ian had not considered a range of
other physical methods for their
origination. These included spherules
associated with extraterrestrial impacts,
and potential microstructures associated
with metamorphism.
▼

espite its being early summer,
a persistent wind buffeted the
Kennacraig-Port Askaig ferry
as it made the two-hour
crossing from the Scottish
mainland along the West Loch
Tarbert and out into open sea to Islay.
Aboard, carefully studying a geological
map while tucking (less carefully) into
shepherd’s pie, were Andy Knoll
(Harvard University), Ian Fairchild
(University of Birmingham), a couple of
Ian’s students, and myself. Islay may be
famed for its distilleries, but our
(principal) goal was not the local
tipple. We were visiting because the
island is predominantly composed
of Neoproterozoic rocks of the
Dalradian Supergroup.

BRITAIN’S OLDEST

EUKARYOTES?
Ross Anderson* winner of the Fermor Prize
in 2012, searches the Isle of Islay for traces
of ~700 million year old life, possibly the first
British fossils of organisms with cell nuclei

The outcrop at Caol Ila

▼
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It was to re-explore these spherule
structures and to discover the true story of
their origin that brought us to Islay. If Ian
was correct, the spherules that he
discovered over 30 years ago could
potentially provide an important and
hitherto unappreciated record of
Neoproterozoic eukaryotes.

12 JULY 2013

Image: From Anderson et al. 2013

Geographical
map of Islay
and generalised
stratigraphy of
the Dalradian
Supergroup and
Bonahaven
Formation

Right: Flat bed
scan of thinsection showing
spherule bearing
mudstone
horizons
interbedded with
sandstone
horizons. Scale
bar is 10 mm
Far right: Varied
spherule
morphologies.
All scale bars
are 100µm

Results of
morphological
shape
comparison

Image: From Anderson et al. 2013

The rocks that make up Islay form part of
the Dalradian Supergroup, which stretches
across the highlands striking northeastward. The succession contains
lithologically diverse sedimentary rocks
that have been metamorphosed to varying
degrees. The basin’s formational history is
dominated by extensional tectonics.
However, there is currently little consensus
regarding its specific tectonic evolution.
Uranium-lead geochronology of monazite
in basement rocks constrains a maximum
age of 806 ± 3 Ma, while a zircon age of 601
± 4 Ma lies close to its top, suggesting the
Supergroup spans some ~200 million years
of Earth history. The Supergroup can be
divided into four Groups of which the
most interesting for our purposes is the
Argyll Group. This is exposed on Islay
and includes the Bonahaven Formation,
where Ian originally found the spherule
structures, as well as records of two
Neoproterozoic glaciations.
The ferry docked at the small village of
Port Askaig on Islay’s north-east coast. We
drove our Land Rover out of the port and
village and climbed the snaking path to
the cliff top. The road-cut sliced through a
glacial diamictite, the Port Askaig Tillite.
This dramatic deposit lies near to the base
of the Argyll Group and can be correlated
to the first of two globally described
Neoproterozoic glaciations (Sturtian)
based on characteristic carbon and
strontium isotope signatures in carbonates
below the Tillite.
A recent Re-Os age for a formation that
lies stratigraphically below the Tillite (from
Alan Rooney and colleagues at the
University of Durham) calls into question
this interpretation and suggests that the
Tillite actually correlates with the second
large Neoproterozoic glaciation
(Marinoan). Whichever interpretation is
correct, the spherule structures are found
in rocks of the Bonahaven Formation
which lie directly on top of the Port Askaig
Tillite and so are at least younger than the
Sturtian glaciation.
We concentrated our efforts to the north
and east of Port Askaig, in the coastal
villages of Bunnahabhain and Caol Ila
(both - coincidentally - famed for their
whisky). It is close to these two villages

Image: From Anderson et al. 2013

DALRADIAN

Image: Courtesy I. J. Fairchild

FEATURE GEOSCIENTIST

Andy Knoll (left)
and Ross
Anderson (right)
discuss
Neoproterozoic
rocks on Islay

where you can find the top of member 1 of
the Bonahaven Formation, exposed in four
to six metre-thick outcrops by the shore.
Sedimentary structures, including crossbedding and desiccation cracks, have been
used to suggest these rocks were
deposited in a tidal flat environment
subject to frequent sub-aerial exposure. At
both localities we described the
stratigraphy, noting centimetre-scale
interlaminations of dark carbonaceous
mudstones with fine to medium-grained
sandstones that occasionally possess
dolomitic cements. The degree of regional
metamorphism is greenschist facies
(biotite-grade), however the rocks at these
localities display no discernible
metamorphic textures.

DARK MATERIALS

Chart depicting
lines of evidence
upon which
physical origins
were rejected

Stages of
proposed
origination

So what are the distinguishing features of
Fairchild’s enigmatic spherules? Their
size meant they were only visible in
polished hand specimen. Consequently,
we took samples throughout the two
stratigraphic sections but had to wait with
trepidation to describe our haul until we
had returned to the laboratories of
Harvard and Birmingham. There we
made petrographic thin-sections, which
revealed abundant spherules distributed
throughout the top ~4 m of member 1 of
the Bonahaven Formation, but confined
only to mud laminae. We observed clay
minerals both inside and outside the
spherules, yet were still able to distinguish
the spherule interiors by an absence of
dark materials that colour the matrix, and
by their smoothly rounded boundaries.
The contrast in abundance of dark
material between spherule interiors and
the matrix suggested to us that external
sediment was not simply forced into them.
In thin-section the spherules generally
appear circular to ovoid with a maximum
dimension of ~120-160μm. However we
observed some that differ from this
morphology, either exhibiting a flat
surface at the tapering end of their long
axis, or an irregularly shaped neck-like
structure that protrudes into the matrix.
One can also find ‘conjoined’ spherules.
X-Ray Diffraction analysis (conducted by
Nick Tosca at St Andrews) showed that the
spherule-bearing mudstones are
predominantly composed of muscovite,
probably a metamorphic product of an
earlier smectite mineral. The analyses also
highlighted the presence of minor
quantities of iron-bearing minerals.
One may not be surprised to discover such
iron enrichments, given that increasing
analyses show evidence for iron-rich water
masses in later Neoproterozoic oceans.
▼

Image: From Anderson et al. 2013

Image: From Anderson et al. 2013

Glacial
dropstone in the
Port Askaig
Tillite
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Once descriptions of the spherules
were made it was time to attempt to
answer the question in hand: what exactly
were the spherical structures and how did
they originate? We decided to answer
this question by considering different
potential origins, and what distinguishing
features each would predict for spherule
morphology, mineralogy and
stratigraphic distribution. The presence
or absence of these features could then be
tested through observations, thus
providing evidence for or against a given
origin. After completing this process, I
now believe that all potential physicochemical mechanisms can be rejected,
based on a combination of distributional,
morphological, and compositional
evidence. For the purposes of this article,
I will highlight only the reasons we gave
for rejecting two of the most likely
candidate hypotheses – namely,
microtektites/microkrystites and
metamorphic microstructures.

SHOWERS OF GLASS
Microtektites/microkrystites, made
famous by their association with the
Cretaceous-Paleogene boundary impact
hypothesis, have been described from
many horizons - some as old as Archean.
Microtektites/microkrystites are glass
particles that form from the splash debris
of a meteorite impact. Their varied
morphologies include elongate, spherical,
spindle, and dumbbell forms. Size varies
as a function of distance from the impact
but can reach up to 0.2-0.5 mm in
maximum dimension.
Microtektites/microkrystites tend to be
found confined to narrow seams (at the
most a few centimetres thick), as befits an
impact-event deposit. Bruce Simonson
among others has shown that
sedimentary processes can rework these
deposits and redistribute the spherules
throughout several metres of stratigraphy.
The microtektite/ microkrystite
hypothesis, therefore, could provide a
plausible explanation for the Bonahaven
spherules: microtektites/ microkrystites
can be of similar size, display the forms
we see, and even be distributed
throughout several metres of section.
However, here lies the crucial
distinction. While the Bonahaven
spherules appear in several metres of
stratigraphy they are confined only to
mudstone facies. Consequently if the
spherules were reworked they must have
had a mass closer to the clay minerals that
form the mudstones than the quartz
grains found in interlaminated
sandstones. Thus, given their size, these
14 JULY 2013

structures could not have been composed
of silicate minerals. So, we concluded,
microtektites/microkrystites could not
account for the Bonahaven spherules.

SPOTS & CLOTS
Another possible origination hypothesis
is as metamorphic microstructures. Rocks
on Islay have been metamorphosed.
During contact metamorphism,
spots/clots can from within rocks. These
tend to be quite large (on a millimetre
scale) and are composed mostly of
muscovite and chlorite aggregates, with a
colour gradation from interior to exterior.
Metamorphic spots also have a distinctive
texture, being indistinct from the matrix,
superimposing themselves upon the
original fabric of the rock with an
irregular boundary. The Bonahaven
spherules fail to exhibit any of these
characteristics, being smaller, having no
colour gradation, and being distinct from
the matrix with a smoothly rounded
boundary. Other metamorphic
microstructures include biotite clots, yet
these can be eliminated too by the
absence of appreciable biotite in the rocks.
All other physical modes of origination
such as detrital grains, micrometeorites,
volcanic accretionary particles, and
microconcretions can also be eliminated
by similar reasoning. Therefore invoking
the Sherlock Holmesian dictum:
“Whatever remains, however improbable,
must be the truth”, we were brought back
to the idea of a Neoproterozoic biological
origin for the Bonahaven spherules.
Most Neoproterozoic microfossils have
mechanically weak organic walls that
collapse during burial, leaving essentially
two-dimensional compressions. One
group of microfossils known to preserve
as three dimensional structures infilled
with diagenetic minerals are vase-shaped
microfossils (VSMs), generally interpreted
as the remains of testate amoebozoans
and, perhaps, rhizarians. VSMs were first
discovered in 1933 but were only
identified as having affinity for modern
testate amoebae in 2000 by Susannah
Porter and Andy Knoll, who used the fact
that these organisms are heterotrophs to
argue for ecological complexity in the
Neoproterozoic.
The fossils are quite common in ca.
800-740 Ma rocks, where they can be
found as mineralised casts and moulds of
the amoebas’ organic walled tests. Often
the organic wall itself is lost during
fossilisation. Were therefore the
Bonahaven Spherules VSMs? A defining
feature of VSMs is their morphology of
cup-shaped to tear-shaped tests, with a

(Left to right)
Emily Macmillan,
Ross Anderson,
Andy Knoll, and
Edward Fleming

Stromatolite in
Neoproterozoic
rocks of Islay

Various Cenozoic
microtektites
showing varying
morphologies

Andy Knoll (left)
and Ian Fairchild
(right)
investigate some
of Islay’s rocks

Image: Courtesy I. J. Fairchild

FEATURE GEOSCIENTIST

single oral opening. Evidence suggests
that the Bonahaven spherules possess
rounded surfaces with truncated ends,
similar to this oral aperture. They also
have a size frequency distribution like
many biological populations, all of which
supports a conclusion that the record of
eukaryotic life represents testate amoebae
similar to those found in other rocks from
this period of Earth history.

SPIRIT OF INQUIRY
Our trip to this remote Scottish island has
revealed the fossilised remnants of some
of the oldest eukaryotes in Britain,
hidden among the island’s many coastal
cliffs and distilleries. However the
microfossils discovered in Scotland are
not just another microfossil record to add
to a global bucket list. They have
particular importance, thanks to their
stratigraphic context.
Casting your mind back to the
introduction, you may recall that the
Bonahaven Formation is younger than
the first of the global Neoproterozic
glaciations (the Sturtian). VSMs of the
type similar to the Bonahaven spherules
were previously known only from rocks
older than this glaciation. Consequently,
the Bonhaven spherules provide evidence
that some pre-Sturtian eukaryotes
survived into post-Sturtian oceans. The
time interval between the two glaciations
has so far proved a poor hunting ground
for Precambrian fossils. However, these
discoveries add to a growing list made
over the past few years by Tanja Bosak
and colleagues at MIT, who have shown
that fossils do exist in inter-glacial rocks.
Clearly we need now to work hard,
populating this hitherto barren interval, if
we are ever to understand the role of
eukaryotic organisms in the post-glacial
world. The microfossils of Scotland
though have already made a contribution
to this story.

COMPLEXITIES
For me personally, the Islay trip provided
me with experience of doing science,
rather than just reading about it. At
Harvard, I had always read and been told
of the complexities of Precambrian
research; but it was not until I started this
work that I truly appreciated them.
Never were these challenges more
evident than in our attempts to decipher
the three-dimensional morphology of the
spherules. The ~700 million years of
Earth history that have passed since the
rocks’ formation had taken its toll,
subjecting them to episodes of
metamorphism that had resulted in the

rocks’ mineralogical homogenisation the spherules were no longer
mineralogically distinct from the matrix
rock. Consequently, we could not
separate the spherules from the rock,
which challenged our ability to
reconstruct them in three dimensions.
More innovative techniques were
required to solve the problem, such as
comparing the distribution of
morphologies in various orientations of
transverse section. The complexities
were not just confined to this instance: in
general the conclusions we made
required an array of techniques to build a
coherent picture of the spherules’ origin.
This multidisciplinary approach,
combining field, petrographic, and
geochemical observations, while time
consuming, provides the best chance of
enhancing our knowledge of the murkier
intervals of Earth history. n
*Ross Anderson current address:
Department of Geology and Geophysics,
Yale University, 210 Whitney Avenue,
New Haven, CT, 06511, USA.
Address while completing work: Department of
Earth and Planetary Sciences, Harvard University,
20 Oxford Street, Cambridge, MA, 02138, USA.
E: ross.anderson@yale.edu
FOR MORE DETAIL
Anderson, R P, Fairchild, I J, Tosca, N J, Knoll, A H,
2013. Microstructures in metasedimentary rocks
from the Neoproterozoic Bonahaven Formation,
Scotland: Microconcretions, impact spherules, or
microfossils? Precambrian Research 233, 59-72.
available online 26 April 2013.
A list of suggested further reading may be
found online version of this feature. Editor
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‘SPACE-PROBLEM’
Penelope Wilson & Ken McCaffrey*
report on digital mapping and analysis
of the Maiden Creek satellite
intrusion, Henry Mountains Utah
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ou can’t see anything
from a car; you’ve got
to get out of the
goddamned
contraption and walk,
better yet crawl, on
hands and knees, over the
sandstone and through the
thornbush and cactus. When
traces of blood begin to mark your
trail you’ll see something, maybe.”
This quotation from Edward
Abbey’s ‘Desert Solitaire’, arguably
one of the best North American
environmental narratives,
epitomises fieldwork in southwest Utah. Here, to the newcomer,
the endless procession of Chevys
pulling speedboats along the long
desert roads seems at odds with
the wide and stark expanses of red
rock, interspersed with the tie-dye
patterned badlands, covered with
only a smattering of the hardiest,
most rugged vegetation.
Here, in the ‘Wild West’ and
robber’s roost (infamous hideout
of Butch Cassidy and his gang) the
Henry Mountains rise up high into
the blue sky from an intricate
network of slot canyons, ravines
and flats. Yet, despite their
stunning and abrupt appearance
on the skyline, few stop to even
take a photo, let alone explore
this beautiful yet harsh
wilderness with bountiful
exposures that would excite many
a geologist. Instead they speed
through the nearest town of
Hanskville, picking up a burger
from Blondies on the way to
man-made Lake Powell.

Y

GILBERT
It was during his studies in the
Henry Mountains Utah that Grove
Karl Gilbert (1877) first coined the
term “laccolite”, and the region is
now looked upon as one of the
classic type localities for sill and
laccolith intrusions. Since this
early work, most studies of sill and
laccolith intrusions have
concentrated on their geometry
and internal architecture, while
only a few have paid particular
attention to the emplacementrelated host rock deformation
structures, which preserve a record
of how magma is accommodated
within the crust, i.e. the intrusion
‘space problem’.
Our studies aim to develop a

Above: Summary
cartoon highlighting key
geological field
observations
relating to the
MCSZ study area
Left (clockwise
from top): Henry
Mountains, Utah
Simplified
geological map of
the Henry
Mountains region
(adapted from
Morgan et al. 2008)
Field photos of
Roving survey
DGPS (AshTech
Pro 2)
Outcrop view of
southern fingerlike intrusive lobes
and Maiden Creek
Shear Zone
(MCSZ; pink)
Google™Earth
view of southern
finger and Maiden
Creek Shear Zone
Map view
morphology of
intrusion in white
(Horsman et al.
2005). Bedding
data shown
in yellow

greater understanding of how
igneous intrusive bodies are
emplaced and accommodated
within the shallow crust, using
the classic exposures we find in
the Henry Mountains as our field
laboratory. In our research,
traditional field mapping,
outcrop studies and detailed
data collection of deformation
structures have been combined
with digital mapping and
terrestrial laser scanning (TLS),
to enable 3D modelling of the
intrusive bodies and
emplacement-related hostrock deformation.

SETTING
The Henry Mountains are located
in south-east Utah, on the
Colorado Plateau and were the
last mountain range to be added
to the map of the lower 48 states
of the USA. Previously referred
to as the ‘Unknown Mountains’,
following his expedition of the
Colorado River and its canyons,
John Wesley Powell officially
named the range in 1872 after the
first secretary of the Smithsonian
Institution. The range consists of
five principal peaks reaching
heights >3000m (the elevation of
the plateau ~1500m). From north
to south these are Mt Ellen, Mt
Pennell, Mt Hillers, Mt Holmes
and Mt Ellsworth. Each peak
signifies a distinct intrusive

centre, emplaced into nearly flatlying stratigraphy on a gently
dipping eastern limb of an
asymmetrical syncline. To the
west of the Henrys lies the scenic
Capitol Reef National Park, while
to the east lie the Canyonlands.
To the south stretches Lake
Powell, while to the north you’re
into the Badlands.
The intrusions are mid-Tertiary
in age (31.2 to 23.3 Ma) emplaced
within a ~2.7 km thick section of
Palaeozoic sedimentary rocks
overlying Precambrian crystalline
basement. The intrusions all postdate minor Laramide orogenic
activity in the area, emplaced
during a period of tectonic
quiescence. Therefore, all
observed structures in the
surrounding country rock may be
attributed to the magmatic events.
Likewise, fabrics within the
intrusions largely reflect
magmatic flow.
Maiden Creek, a satellite
intrusion to the Mount Hillers
intrusive complex, is a sill-like
body with a complex elliptical
shape with several finger-like
lobes. During reconnaissance
field mapping (summer 2011)
across two neighbouring lobes,
we discovered a sub-horizontal
shear zone running along the top
contact of each intrusive lobe.
This shear zone separates low- to
moderately-deformed sandstones
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above, from highly deformed
sandstones below and between
the two lobes, hence acting as a
detachment zone.
Strain within the highly
deformed sandstones is
dominated by compressional
faults, fractures and fabrics which
point to a ‘bulldozing’ mechanism
for lobe emplacement. Fabrics
(stretched plagioclase
phenocrysts) within the igneous
rock, seen on the upper surface of
the intrusive lobes directly
beneath this shear zone, show that
the shear zone was
contemporaneous with magma
emplacement. The shear zone
therefore appears to have played a
critical role in accommodating
magma emplacement.

A 3D-MODEL
Due to the structural complexity
within the Maiden Creek Shear
Zone study area, it is very difficult
to capture the 3D geometry and
spatial distribution of the
geological framework and
deformation using conventional
mapping methods. Therefore,
Terrestrial laser scanning (TLS)
was carried out during a second
field season (summer 2012;
enabled through funding received
from the Geological Society of
London) with the aim of acquiring
both regional (360o panorama)
and high resolution laser scans.
The full extent of the shear zone
has been captured using TLS,
while the scans have also helped
to capture fracture and bedding
geometries from inaccessible
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Below: Field photo
of Maiden Creek
study area
Bottom of facing
page: (a) Screen
capture of RiSCAN
PRO™ project of
laser scan point
cloud data across
the MCSZ study
area. (b) Zoom in of
structurally complex
zone where MCSZ
separates low/moderatelydeformed
sandstones above
from highly
deformed
sandstones below
and between two
igneous lobes, area
highlighted in (a).
See inset photo for
comparison.
(c) Zoom in of folded
sandstone units
around irregular
lateral margin of
igneous lobe, area
highlighted in (a).
(d) Active
interpretation of
laser scan point
cloud data (same
view as (a)). Inset
shows zoom-in to
highlight fracture
picking. QR code
provides a link to a
fly through
animation of the
laser scan model
(also available at the
following site:
http://studentnet.ki
ngston.ac.uk/~K063
5100/video/)

outcrops. Laser scan data
provide unprecedented detail and
allow spatial variation of fracture
attributes to be quantified (e.g.
fracture geometry, connectivity,
deformation band aperture, and
spatial correlation between
fracture density and fold
curvature relative to intrusion).
If ever the words of Edward
Abbey rang more true during our
field work, it was while carrying
out the laser scanning precariously balancing £80,000worth of equipment as close to
the cliff edge as we dared, to get
the best view into the gullies. Not
forgetting the (too many to count)
scratches acquired when carrying
(or towards the end of each field
day, dragging) the boxed laser
scanner and all its accessories
from vehicle to outcrop, while
trying to find a meandering path
through the sharp sagebrush,
shrubbery and prickly pears, in
sweltering 40oC heat. Clothes
were torn and blood was shed.
Much time was spent cloudspotting, looking to the sky,
tracking the paths of tiny clouds
in hope that they would cover the
sun at just the right time, and for
long enough, to give us the best
images (unlike conventional
photography, cloud cover is a
plus in TLS, as it increases colour
contrasts when the scanner is
capturing photos). But with
clouds come thunderstorms and
the flash floods, and as the sky
grew angry on our final day of
scanning, the 4x4 showed its
worth - safely transporting us off

Maiden Creek and the quickly
collapsing dirt road back to the tiny
haven of Hanksville.

FURTHER WORK
The laser scan data are currently
being interpreted to create a 3D
geological framework model of our
emplacement-related deformation
structures. This shall then be
integrated with the structural and
kinematic data collected by
conventional means in order
to build a geomechanical
framework model. This, combined
with parallel studies looking at the
internal architecture of these
intrusions, shall hopefully enable us
to be more predictive about highlevel magma emplacement
mechanisms and associated
deformation. n
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ENDORSED TRAINING/CPD
Course

Date

Venue and details

Introduction to Micromine Course

15-16 July

Venue: Challoner House, 19 Clerkenwell Close, London. This course is being held over 2 days and
includes Introduction to Micromine (Day 1) and Introduction to Exploration (Day 2).
Cost: £110.00 (inc. VAT).

Lapworth’s Logs

n/a

‘Lapworth’s Logs’ are a series of e-courses involving practical exercises of increasing complexity. Contact:
info@lapworthslogs.com. Lapworth’s Logs is produced by Michael de Freitas and Andrew Thompson.
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Meeting

Date

Venue and details

Strategic Management of Onshore and Offshore
Pipelines
International Business Intelligence (INBI)

1 July

Venue: Condorde Hotel, Kuala Lumpur, Malaysia. The goal of this course is to bridge the gap
between the theoretical and practical knowledge of Pipelines Integrity Management
methodology and processes. Contact: Isky M., 10 Anson Road 17-06 International Plaza
Singapore 079903 T: +65 86201587 E: isky@inbi.com.sg

Life at deep sea hydrothermal vents: biodiversity in a
new resource frontier
Geological Society
Shell UK

3 July

Venue: Burlington House. A Shell London Lecture. See page 7

Engineering Group Field Trip: Dumfries and the
Solway Coast
Engineering Group

5-7 July

Venue: Dumfries and the Solway Coast. Field Trip Leader: Dr Alan Gibbs. See Website or
contact Richard Ghail
T: 020 7594 6001 E: r.ghail@imperial.ac.uk

Cold Winters in a Warmer World
East Midlands Regional

tba

Venue: BGS, Keyworth. Speaker: Dr Andy Johnson, University of Derby.
Contact: hbu@bgs.ac.uk

Managing Landslide Risks on Major Onshore Oil and
Gas Pipeline Systems, Engineering Group AGM
Engineering Group

10 July

Venue: Burlington House 1700 for 1730. Speaker: Dr Mark Lee. Please see website for details.
Contact: John Perry T: 01372 754 439 E: John.Perry@atkinsglobal.com

2013 INHIGEO Conference & Field Trip
History of Geology Group, International Commission
on the History of Geological Sciences

22-28 July

Venue: Manchester, UK. Please see Website for details. Contact: Cherry Lewis
E: cherry.lewis@bristol.ac.uk

CENTURY ONE PUBLISHING

IS THE UK’S BRIGHTEST

To plan your ad campaign in
Geoscienst magazine contact:

Knight
AWARD-WINNING Jonathan
t: 01727 739 193

CONTRACT PUBLISHING
AND ADVERTISING SALES AGENCY.

WE WORK EXCLUSIVELY

WITH MEMBERSHIP

ORGANISATIONS GENERATING

ADVERTISING REVENUES

AND MANAGING

ALL OR PART OF THE

PUBLISHING FUNCTION
20 JULY 2013

e: jonathan@centuryonepublishing.ltd.uk
w: www.centuryonepublishing.ltd.uk

BOOKS & ARTS GEOSCIENTIST

Reviewed by Tom Berry
EARTH MATERIALS INTRODUCTION TO
MINERALOGY AND PETROLOGY
CORNELIS KLEIN & ANTHONY PHILPOTTS, Published by
Cambridge University Press 2012. ISBN 9780521145213 (Sbk) List price: £40.00,
www.cambridge.org

The Evolution of Fossil
Ecosystems
Exceptionally preserved fossil
assemblages are perhaps one of the most
exciting areas of palaeontology and
understanding their intricate details is
certainly a key part of any degree
programme. Fortunately the second
edition of this excellent book makes this
task easy, enjoyable and accessible to
everyone from the budding academic to
the curious amateur.
At just under 300 pages the book is not
overlong but succeeds in communicating
the key aspects of the lagerstätten it
describes in an easy-to-digest manner.

Reviewed by Daniel Austin
THE EVOLUTION OF FOSSIL ECOSYSTEMS
PAUL SELDEN & JOHN NUDDS, Published by Academic
Press (Elsevier), 2012 (2nd Edn) ISBN-13: 9781840761603 (sbk) List price: £29.95,
www.store.elesvier.com
Image: Maria Arts / Shutterstock.com

At over 500 pages, in large US quarto
format and full of colour photographs,
figures and graphs this is an epic book!
The crystallography, mineral and rocks
identification sections are particularly
well served by the illustrations and
photographs that bring difficult
concepts to life.
The reader is guided through the
basics of geology, rock-forming minerals
and rock identification before diving into
the more detailed aspects of geology, such
as crystallography, microscopy and
mineralogy. There are very useful
chapters on igneous, metamorphic and
sedimentary rock-forming minerals all
with useful photographs and figures.
Unfortunately, (and like every other
‘rocks and minerals’ book I have seen),
the photographs all seem to be of
museum quality specimens which I have
never had the good fortune to see except
in museums! I do wish that alongside a
picture of the ‘perfect’ specimen authors
would include two or three photographs
showing what the rock or mineral looks
like in an exposure after 10,000 years of
weathering, and what the rock / mineral
looks like after four weeks in a core box
after careful handling by a driller and
contracting geologist!
The final few chapters briefly discuss
economic minerals, resource potential of
geological materials, including
geothermal energy, hazard assessment
and minerals that have a detrimental
effect on human health and welfare.
There is a thorough glossary and several
indexes for specific minerals and rocks as
well as a general index. There is also a
useful chart for the estimation of mineral
abundance in a hand specimen or
microscope viewer.
Each chapter ends with a concise
summary of what has (or should have)
been learned, offers review questions and
carries useful information about online
resources as well as suggestions for

Starting with the Edicara Biota the
authors track the evolution of life on
Earth through geological time with
detailed descriptions of famous sites such
as the Burgess Shale and German
Plattenkalks. This chronological
approach allows the book to highlight the
significance of lagerstätte to
understanding evolution and directly
contrast different eras of evolution in
Earth’s history. By the final chapter we
have visited 20 sites of exceptional
preservation and importance spanning
almost all of geological time.
Each chapter follows a standard
layout, which comprises of a short
background on the time period covered
and any significant events that the site
has preserved. This is followed by a
history of the discovery and exploration
of the sites, followed by detailed
descriptions of the taphonomy and
taxonomy. The authors achieve an
excellent balance of text and images on
the page and use well-drafted sketches
and carefully selected photographs to
convey the key findings of each location.
Some chapters are better prepared than
others however; I felt that the Burgess
Shale chapter was a little dry, whereas the
chapter dealing with the Hunsrück Slate
is much more visually impressive. Each
chapter then closes with a comparison of
the site to other sites from the same
period and suggested museum and site
visits, which make it a handy guide for
those planning a palaeontological
pilgrimage to any of these exceptional
assemblages.
In conclusion this is a well constructed
and succinct text whose easy-to-absorb
style can benefit anyone with an interest
in learning more about the fossil record.
I would highly recommend it, particularly
to undergraduate students and anyone
wishing to gain a deeper understanding
of the history of life on Earth.
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Earth Materials:
Introduction to
Mineralogy and Petrology

further reading. My only problem with
this book is not in fact the book, but the
offer on the back cover suggesting that
answers to review questions, PowerPoint
slides and jpegs of the figures are
available on-line from the publishers.
At the time of writing these resources
were not available to non-academic staff.
Although this is an excellent book it is
definitely not a ‘field guide’! The book is
substantial in both content and size and
as such is more suited as study reference
in the site office, student laboratory or
practitioner’s desk - or dare I say the
more enlightened ‘coffee table’?
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Remagnetization and
Chemical Alteration of
Sedimentary Rocks
The book contains case studies and review
articles focusing on remagnetization,
chemical remagnetization mechanisms,
and magnetic changes associated with
chemical alteration by hydrocarbons.
Remagnetization or ‘secondary
magnetization’ is common in sedimentary
rocks and is widespread. It can be caused
by a diagenetic or thermal event, which
can be dated using palaeomagnetic
techniques. This has applications in
hydrocarbon exploration. A better
understanding of remagnetization could
also improve our ability to uncover
primary magnetizations. However, this
book concentrates mostly on secondary
mnagnetic imprint and magnetic changes
caused by chemical alterations associated
with hydrocarbons. There is some
comment on the history of
remagnetization studies.
Many chemical remagnetization
processes have been proposed, including
those caused by a number of fluids (e.g.
orogenic, basinal and hydrocarbon).
Other diagenetic processes may also have
an effect (e.g. clay diagenesis and
maturation of organic matter). Tectonic
events are, of course, also implicated.
There are several mechanisms for
remagnetization, for example mineralising
fluids resulting in the precipitation of
magnetic minerals such as magnetite,
pyrrhotite, and others such as goethite.
The various authors give brief
consideration to early and late diagenetic
events that are encrypted in how magnetic
assemblages change through the
sedimentary sequence. There is some
evidence for a relationship between
hydrocarbons and authigenic magnetite
and/or pyrrhotite. The book also suggests
that a relationship exists between
magnetic minerals and the alteration of oil
due to biodegradation, though this process
is not fully understood.
The minerals haematite and iron pyrites
are also mentioned, as is the
22 JULY 2013

palaeomagnetism of South America
(where paucity of data severely hinders
the understanding of the Gondwanan
palaeogeography). The apparent polar
wander path is currently well-defined
and is mentioned here for the CambrianEdicaran time (570-500 Ma).
There is some discussion of the
magnetic properties of drill cuttings from
an exploratory well and their relationship
to hydrocarbon presence or migration
and petrophysical properties.
A few of the later articles look at
specific geographic areas (e.g. Texas,
Pennsylvania, Canada, Columbia and the
Himalayas) as well as particular rock
types (e.g. shale, breccia, oil sand, and
carbonate).
This book is hardback and is, as usual
for an SP, well printed and bound. It
contains many diagrams (some in colour),
figures, photographs and tables,
distributed through 15 papers by various
authors, with extensive references after
each. The book is quite expensive (less so
to Fellows!), but nonetheless constitutes
excellent value, even at full price.
Reviewed by Steve Rowlatt
REMAGNETIZATION AND CHEMICAL
ALTERATION OF SEDIMENTARY ROCKS
R D ELMORE, A R MUXWORTHY, M M ALDANA AND M
MENA (EDS), Published by The Geological Society of
London Special Publication 371 (Hbk) 2012
ISBN 978-1-86239-351-6 ISSN 0305-8719 290pp.
List price: £90.00, www.geolsoc.org.uk

Physical Principles of
Remote Sensing
This softback book is written in an easyto-read style and contains many
informative diagrams, excellent plates
(many in colour), useful satellite images,
helpful review sections throughout, and
questions. There is some physics and
mathematics supporting the text, but
this should be quite accessible to
most general geological readers.
Additional material is given at
www.cambridge.org/rees.
The book is suitable for readers at any

level, but especially undergraduates and
researchers in remote sensing, geography,
cartography, surveying, meteorology,
Earth sciences and environmental sciences,
as well as physics, mathematics and
engineering. It should prove especially
useful to anyone working in remote
sensing generally, and is excellent value
at £40.
The author concentrates on observation
of the Earth’s surface and atmosphere from
above using electromagnetic radiation.
The origins of remote sensing lie further
back in history than you may imagine - in
the 4th Century BC, in fact, with Aristotle’s
Camera Obscura, (although the author
suggests it may have been even earlier!).
Some important developments were
made in the 17th and 19th Centuries, of
particular note being work by Herschel,
Hertz and Maxwell. Aerial photography
followed, using aeroplanes primarily
developed for military purposes.
Scanning came later, as did observations
from space. Although many past
developments had military uses, recent
ones (such as the development of Google
Earth) have brought remote sensing within
the reach of the general public at last.
The author treats both ‘passive’ and
‘active’ remote sensing systems. The first
records natural radiation, while the second
involves sending a signal to the surface
and detecting a response. Active systems
are considered to include both ranging and
scattering techniques, although it should
be borne in mind that the distinction is not
entirely rigorous. Laser altimetry and
LiDAR are considered where Earth’s
surface topography is to be measured.
Data collected in these ways then have to
be processed using a range of techniques.
The author also treats many of the areas to
which remote sensing is applied: e.g.
agriculture, archaeology, glaciology, urban
mapping, geomorphology etc.
Absorption, scattering and emission are
all treated in depth. This is important
because, for example, fog, cloud, rain,
snow and atmospheric turbulence all have
effects on radiation which, once
understood, can in themselves prove
useful. Photography and wide-scale
digital images are useful in mapping,
while thermal imagery is used to gauge
sea surface temperatures - an important
measure in climate studies.
Reviewed by Steve Rowlatt
PHYSICAL PRINCIPLES OF REMOTE SENSING
(3RD EDITION)
W G REES, Published by: Cambridge University Press
2013 ISBN 978-0-521-18116-7 (sbk) 441pp.
List Price £40.00, www.cambridge.org

BOOKS & ARTS GEOSCIENTIST

Destiny or Chance Revisited
It seems that barely a week goes by
without the discovery of new planets
around a distant star. Discussion of these
exoplanets is often framed in terms of
searching for ‘another Earth’. This book,
a comprehensive review of our
knowledge of planet formation, argues
that this search will probably end in
failure. The story of how we ended up
with a planet that is covered in water, has
plate tectonics and supports life is so full
of chance events that it is likely to be an
extremely rare occurrence.
Stuart Ross Taylor is a distinguished
academic and well placed to give an
overview of current knowledge. He
starts with the Big Bang and the wider
universe to understand how elements are
formed and moves on to the many
chance ways gases, ice and dust within a
solar nebula become arranged into
planets. A review of current knowledge
of exoplanets benefits from an
experienced viewpoint - the limitations
of the techniques used to find planets are
described as well as the exciting
discoveries. Reports of ‘Earth-like’
planets should be taken with a pinch of
salt - even a planet with an Earth-like
mass and orbit is likely to be very
different from Earth in most other ways.
The tale of how our own star ended
up surrounded by a menagerie of
planets, moons, comets, Centaurs,
Trojans, Hungarias and other exotica, has
many twists and turns. As the Sun burst
into life, the surrounding nebula was
swept by the solar wind. Gas was swept
out beyond the ‘snow line’ where some
was captured by Saturn and Jupiter
leaving the inner Solar System depleted
in ‘volatile elements’ such as hydrogen,
lead and potassium. Our own Earth and
moon were formed by a random collision
event between small planetesimals. A
little later, the outer planets rearranged
themselves, causing a ‘Late Heavy
Bombardment’, making the early Earth a
hellish place. We should be grateful for
this - icy fragments from beyond the
snow line brought water back to the

Earth, to lubricate plate tectonics and
support life. Venus (which might appear
‘Earth-like’ to alien astronomers) is
relatively dry, and so extremely different
in many ways.
Like a planet, this book gives the
impression of having formed by the
accretion of fragments over time.
Persuasive arguments for the role of
chance in creating this Earth and us on it
are based on a deep knowledge of the
relevant science. The outer chapters,
forays into history and philosophy, lack
these underpinnings and feel much less
substantial. The writing is often
excellent - clear and interesting, but
varies in quality and can be repetitive.
An understanding of the place our planet
holds in the cosmos is something any
Earth scientist should have. Ignore its
outer crust and concentrate on its core.
Reviewed by Simon Wellings
DESTINY OR CHANCE REVISITED. PLANETS AND
THEIR PLACE IN THE COSMOS
STUART ROSS TAYLOR, Published by: Cambridge University
Press, 2012 ISBN: 978-1-107-01675-0. 292 pp
List price: £19.99, www.cambridge.org

Petrophysics of Oil
and Gas Reservoirs
The preface defines petrophysics (rock
physics) 'as a branch of applied geology
relating to the study of reservoir and
caprock properties and their interactions
with fluids (gases, hydrocarbons and
aqueous solutions) based on fundamental
methods of physics, chemistry and
mathematics'. Thus this book ought to be
of interest to both practising and student
petroleum engineers and petroleum
geologists.
However, the book has much
competition since every professional
service company has its own technical
literature for use in converting field
measurements to technical values. The
undergraduate already has recommended
books to augment lecture notes.
Academic researchers need research
literature. So what has this book got

special to oust or augment the current
favourites?
Its three Chapters and three
Appendices are all written as separate
entities. The Introduction (Chapter One)
is a brief synopsis of sedimentary rocks
followed by geographical, geological and
sedimentary backgrounds of the South
Caspian Basin and Azerbaijan area, and
then brief discussions of aspects of rocks,
including the importance of carbonate
rocks for oil reservoirs (65% of remaining
oil is within carbonate rocks). Chapter
Two, 'Characterisation of hydrocarbon
reservoirs' briefly discusses petrophysical
parameters including porosity,
permeability, compressibility, surface area
and elastic properties, then introductions
on relevant electrical and radioactive
properties which are needed for well
logging. There are many formulae with
coefficients often from Russian sources.
Chapter Three focuses on seismic
parameters essential for seismic logging
and seismic geophysics.
Appendix A is a historical review of
milestone developments in petrophysics
and well-logging; however, shaly sands
are dismissed in one page. This chapter
is an interesting read, but would not
really help any practising engineer or
student to analyse data. Appendix B is
entitled 'Mechanics of fluid flow'. I could
not see how this fitted into the scheme of
the book, although a footnote states that
it is included 'because of its importance
to geophysicists'. It feels like a set of
lecture notes. Appendix C is a Glossary,
most of whose terms appear in
appropriate dictionaries. The book
finishes with a fairly extensive
Bibliography, with many Russian
references, but not that many recent.
In summary, I am still wondering who
would use this book in place of what
they currently use - certainly not the
practising engineer as they would use
the service company literature, or the
student as they have more
comprehensive texts at lower prices.
Reviewed by Richard Dawe
FUNDAMENTALS OF THE PETROPHYSICS
OF OIL AND GAS RESERVOIRS
LEONID BURYAKOVSKY, GEORGE V CHILINGAR, HERMAN H
REIKE & SANGHE SHIN, Published by: Wiley/Scrivener
2012; 374pp ISBN-13: 978-1118344477.
List price: £130.00, http://eu.wiley.com/WileyCDA/
WileyTitle/productCd-1118344472.html

REVIEWS: COPIES AVAILABLE
Please contact ted.nield@geolsoc.org.uk if you
would like to supply a review. For a full list go
to www.geolsoc.org.uk/reviews
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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.

n ADAM PACEY

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

IN MEMORIAM WWW.GEOLSOC.ORG.UK/OBITUARIES
THE SOCIETY NOTES WITH SADNESS THE PASSING OF:
Bestow, Trevor *
Blackburn, James Kirk*
Bowler, Christopher Michael Lance*
Chapman, W T*
Holroyd, J D*
Hudson, Neal F C*
Jones, Brian Lloyd*

Middleton, John*
Miller, James*
Million, Ronald*
Rose, Howard*
Vincent, E A (‘David’)*
Williams, Colin L*
Willis, John Humfrey A.

In the interests of recording its Fellows' work for posterity, the Society
publishes obituaries online, and 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 (*).
The symbol § indicates that biographical material has been lodged
with the Society.
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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.

Image: Inc / Shutterstock.com

Durham University MSci Geology student Adam Pacey received
industry commendation and a prize of £2000 for both himself and
his University department when he won the 2012 Neftex Earth
Model Awards.
Adam, 24, gained acclaim after impressing a judging panel of
industry professionals with his project 'A lithospheric control on
the position of arc volcanism?’ in the awards developed by
Neftex, an Earth science research company and leading provider
of geoscience products and services to the Earth resource
exploration industries.
Talking of his success Adam said: “It was such a surprise to
win and I truly felt on top of the world! It’s a great independent
benchmark to have the quality of your work judged at such a
high level.”
Adam is currently studying for a PhD in economic geology at
Imperial College London, studying the footprints of copper
deposits in order to help provide a scientific bias and toolset to
help when exploring for further copper resources.

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.

PEOPLE GEOSCIENTIST

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

Expenses scandal

As Nina Morgan* discovers, when it comes to accounting, creativity knows no bounds
When the Daily Telegraph began
publishing details of expenses
claims submitted by Members of
Parliament in 2009, the UK public
watched in fascination as a soap
opera involving inflated claims,
creative accounting and fanciful
excuses from well known public
figures attempting to defend
themselves and hang on to their
jobs, unrolled before their very
eyes. It was a scenario that the
radical Scottish MP and selfappointed guardian of the public
purse, Joseph Hume (1777 1855) would have relished.
But Hume was not the only
19th Century reformer to be
exercised about expenses claims.
William Whewell (1794-1866),
scientist, philosopher and
sometime Professor of Mineralogy
at Cambridge University, went into
print in 1832 with some highly
disparaging remarks about the
expense claims submitted by the
Scottish geologist, John
McCulloch (1773-1835). Whewell
aired his suspicions about the
accuracy of McCulloch’s
accounting methods in a footnote
to a lengthy and discursive review
of volume 2 of Charles Lyell’s
Principles of Geology, he
published in the Quarterly Review.
“By the by, we are the last
persons who would decry the
liberality of government in grants
for scientific
purposes,
when these
are properly
applied; but
we have yet
to learn what
adequate
harvest is
to be

William Whewell (1794-1866)
in youth and maturity

reaped from the expenditure of
more than 7000l [£] on this
gentleman’s [McCulloch’s]
mineralogical survey of Scotland.
From a return to an address of the
House of Commons, dated 23rd
December, 1830, it appears that
Dr. McCulloch, having been
allowed 1l [£] per diem for
personal expenses, 2l [£] per diem
as remuneration, and 2s per mile
for travelling expenses, solemnly
declared before the Scotch
Barons of Exchequer, that his
average rate of travelling
throughout one of his scientific
excursions among the rugged
mountains of the Highlands, was
forty-five miles per diem – and
another of them
fifty-two! When
we consider
that the doctor
must have
travelled hammer
in hand, knocking
at every crag,
and peering
into every
crevice –
and that

he worked, by his own account,
so hard for many months in each
of these summers as never to
allow himself a Sunday – and that
the region he was exploring
presents very considerable
obstacles, both overhead and
under foot, to the locomotiveness
[sic] of ordinary mortals – we
cannot wonder that the canny
barons should have begun to
suspect him of being in actual
possession of the seven-league
boots...we cannot sufficiently
express our surprise that it
should have so long escaped the
notice of Mr Joseph Hume.
7004l [£] !!!”.
McCulloch’s possession of
seven-league boots was never
proved, and he was never called
upon to justify his expenses
claims. But that was then and
this is now. The same could not
be said for the 21st Century MPs
who resigned or faced
prosecution over their claims for
‘essential expenses’ such as
moat-cleaning, the building of
duck houses, or the delivery of
28 tonnes of manure.

ACKNOWLEDGEMENT
Whewell’s diatribe against
McCulloch appears in the article:
Principles of Geology by Charles
Lyell, vol 2, London 1832,
published in Quarterly Review, vol
47, 103-132 (This article is cited
in Rudwick, MJS, Lyell and the
Principles of Geology, Geological
Society, London, Special
Publications 1998, v. 143; pp.
1-15. Vol. 47 of Quarterly Review
is available from Google Books.)
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 new HOGG
website at: www.historyof
geologygroup.co.uk where
you’ll also find abstracts for the
talks and posters presented at
the Conference on Geological
Collectors and Collecting, April
2010 available free to download
as a pdf.
* Nina Morgan is a geologist and
science writer based near Oxford
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READERS’
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

THE HOLE TRUTH ABOUT GEOCONSERVATION

LONDON CLAY
Sir, At the risk of being banished to pedant's
corner (oops! wrong magazine), I was
just wondering how the London Clay
Formation can be described as
"...stiff, homogeneous and highly
impermeable..." without any
kind of caveat or qualifying
comment in a learned
geological publication
(Geoscientist, May 2013
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Sir, I was very pleased to read your editorial
singing the praises of 'holes in the ground'
(Geoscientist, May 2013) and their value to
the geoscience community and to informing
the public. However, it was sad to see that
you did not mention the ongoing work,
carried out over many years, to conserve
and enhance these important, valuable and
often historic places by local
geoconservation groups, Geology Trusts
and RIGS Groups.
As one of your distinguished Fellows, the
late Joe McCall, realised many years ago,
geoconservation - that is, the conservation,
management and interpretation of sites of
geological interest an importance - is a
worthwhile cause. I had the honour and
privilege to work with Joe during my time
with Gloucestershire Geology Trust, on
geoconservation projects and assisting with
the production of the Cirencester In Stone
book. When I joined the Trust in 2001,
Joe was already a long serving, indeed
one of the founding, members of what was
then Gloucestershire RIGS (Regionally
Important Geological and Geomrphological
Sites) Group.
In Gloucestershire, GGT has had a
programme of geoconservation work for
over 15 years, has developed close links
with quarries in the county and has even
bought a disused quarry of its own, Huntley
Quarry, in which the East Malvern Fault can
be demonstrated. Based around this site,
the Trust has just set up a community group
known as the Geowardens, who are taking
on the management and conservation of
the Quarry as a community project.
Other important sites where GGT has
carried out conservation work include
Cleeve Hill and Leckhampton Hill in the
Cotswolds - where the most complete and
thickest inland sections of Inferior Oolite are
available for study, Puddlebrook Quarry in
the Forest of Dean where the world’s oldest
known moss fossil was discovered, Foss
Cross Quarry - one of the most important

sections in the Great Oolite, and location
of a very rare 'beetroot stone' exposure.
The list goes on.
I spent 10 years working for GGT, and
over that time was involved with numerous
projects concentrating on both
conservation and awareness
raising/education. It wouldn't have been
possible to undertake the education and
awareness-raising projects without first
having done the groundwork to conserve
the sites and make them safe and available.
I have always considered myself to be a
geologist, as opposed to a conservationist,
but I don't feel that I was regarded in this
way by the Geological Society. Despite the
GSL supporting the running of the
Geoconservation Commission, I have never
felt that it was any type of priority.
One thing I would like to see is a form of
CPD for Geoconservation, as those working
in this field have to have a well-rounded
knowledge of geology - technical enough to
know what is important, how to spot it and
whether it is worth conserving, but general

p10)? While much of the sequence can
indeed be described as stiff, blue grey
clay to some significant
thickness at many
locations across the
London Basin, this
is by no means
the end of the
story. In my
experience it
may not be

Devil's Chimney, Leckhampton
Hill, Gloucestershire

enough to be able to explain to the general
public on a field trip how the rocks were
formed, the environment at the time and
what has happened to form the landscape
they see today. Coupled with this
geological knowledge must be the skill and
experience to be able to communicate
clearly and enthusiastically to a wide variety
of people.
I realise that GSL has to concentrate for
the most part on industry and academia, as
this is where the majority of practising
geoscientists. However, we must not lose
sight of the fact that these quarries, pits
mines and cuttings diligently looked after by
the geoconservationists is where these
people learnt their trade, and if we lose
them, we won't be able to get them
back. More support for Geoconservation
please, Geol Soc!
David Owen
Editor writes: As the writer demonstrates,
it is not possible to do justice to the great work
of Geoconservation bodies in 400 words.
I am grateful to David Owen for redressing
the imbalance.

unusual to encounter sandy beds and
laminations, silt partings, claystones,
glauconitic zones, calcareous zones with
gypsum, pyritic zones, shelly layers etc.
accompanied by water ingress. Not quite
homogeneous then? Just saying! It's all a
case of ‘location location location’.
(Kudos to the Mr Black and Mr Whyte's
efforts on the Rubislaw Quarry Project by the
way. An admirable effort.)
Steve Dulson

LETTERS GEOSCIENTIST

‘NO TO JOURNAL CUTS’

Image: photogl / Shutterstock.com

Sir, John Cope and Bernard Leake’s Soap
Box piece (“No to journal cuts!”, Geoscientist,
June 2013) rightly highlights the importance
of the Society’s Library collections to Fellows
and others, and the need to ensure that the
information requirements of future
geoscientists are met. They are also correct
in saying that some journal subscriptions
were cancelled in 2012 and 2013. However,
it is important to review those cuts in
context, and to understand their impact on
Library users.
The background is the Library Review,
approved by Council at the end of 2010 for
implementation in 2011 and forward.
Central to the Review was the sustainable
development of the Library to meet the
evolving needs of Fellows, and the
recognition of its status as a jewel in the
Society’s crown. Library operating costs
had increased by 49% over the previous 5
years and Society spending has to be
balanced across a wide range of competing
priorities. Council decided that there would
be a phased reduction in the net operating
costs over three years. Cuts of 9 titles in
2012, saving £11k and 26 titles in 2013,
saving £10k should be viewed against
the acquisition of around 600 journal titles
a year, and around 25,000 uses of
journal content.
Specifically, of the 26 journal titles
cancelled for 2013:
n Four titles had no recorded use at all in
the previous year
n Seven titles had been used only one or
two times
n Three titles were cancelled in print only
and are still available to us online
n One title was a duplicate subscription and
two are now supplied on exchange
n Two were, in fact, book series and are
now purchased selectively from the
book budget

n

The total recorded usage amounted to 87
incidents, equivalent to less than half a
percent of overall journal usage.
Should we have cancelled journal titles in
areas and disciplines that re-emerge as of
importance, modern approaches to
publishing make it ever easier to access nonsubscribed content by pay-per-view and
archive purchase schemes.
Looking ahead the Library is exploring
new ways to generate income to offset its
operational cost. There is a new book sales

Modern publishing makes it easy to
access non-subscribed material

facility, we are evaluating the earning
potential of our extensive and unique
collection of maps and a new information
service will launch in January 2014 – the
Geofacets GSL Millennium Edition.
The Society and its Fellows work in an
ever-changing environment and it is
essential that our services – whether it be
publishing, conference, Library or website –
develop accordingly.
Neal Marriott, Director of Publishing,
Library and Information Services
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OBITUARY‘

ROBERT HENRY HOARE 1927 - 2013
Survey geologist of the West Midlands, remembered in the Church Stretton sheet and memoir

B

SUPERPIT
Bob was born in Hong
Kong. Lonely wartime
years at boarding school –
his parents were interned –
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were followed by a first class
degree in geology and a
research MSc in coal
petrography at University
College Cardiff. With this
background it was natural that
he should gravitate towards
the Coal Measures when, in
1949, he joined the Geological
Survey as a field geologist.
Mentored by George Mitchell,
Bob worked on the flood of
borehole data generated by the
newly nationalised coal
industry, most notably laying
the geological foundations for
the establishment of the UK’s
first brand new superpit at
Lea Hall.
In 1958 he moved to the
newly established position of
Divisional Geologist for the
West Midlands Region of the

National Coal Board. Here he
built a state-of-the-art
exploration team that was also
effective in day-to-day mining
matters. Keys to success were
the introduction of improved
drilling methods from the oil
industry and the adaption of
downhole, surface and
underground geophysical
techniques to the requirements
of mining. He also
championed multidisciplinary
studies: application of
hydrogeology and rock
mechanics to issues of water
influx and surface fissuring,
and of seismic monitoring to
the understanding of mininginduced earth tremors.

COALBED METHANE
By the time he retired in 1985
many of the techniques he had
pioneered and supported had
become standard practice
throughout the coal industry:
Western Area Geology
Department was widely
recognised as being at the
forefront in coal mining
geology, and large areas of
coal reserves had been proved
in Staffordshire, Cheshire
and Lancashire, laying the
foundations for today’s
coal-bed methane
development initiatives.
Bob was a cultured man
with many interests outside
geology including sport,
music, theatre, travel and fine
French wine. While he did not
fit naturally into the politics
and robust world of coal
mining he was greatly
respected by the mining
engineers he worked with for
his honest and transparent
application of science to

understanding and solving
complex problems. His
management style was
collegial and friendly, often
enjoying a Friday lunchtime
pint with his staff. He was
particularly concerned to
ensure that everyone had
the opportunity to attend
training courses, both
technical and managerial,
and had real delegated
responsibility.

~

ob Hoare, who has
died aged 85, was
one of the postwar generation of
Geological Survey
field geologists who tackled
the complexities of the West
Midlands, remembered
mainly in the classic Church
Stretton map sheet and
memoir. Subsequently he
was an influential figure in
rationalising and
modernising the application
of geology to the era of
highly mechanised
underground coal mining.

HE WAS AN
INFLUENTIAL FIGURE
IN RATIONALISING
AND MODERNISING
THE APPLICATION
OF GEOLOGY TO THE
ERA OF HIGHLY
MECHANISED
UNDERGROUND
COAL MINING

~

Bob was married twice,
but had no children.
Perhaps because of this he
took great interest and pride
in the progress of his young
colleagues and protégés.
After retiring he severed his
links with both the industry
and the Midlands, settling
in Somerset where he
pursued his pastimes of
dry-stone walling and
silversmithing. Geology
provided the inspiration for
the latter – many of his
designs being based on SEM
images of coccoliths.
By Bernard Besly, with help
from May Hoare

CROSSWORD GEOSCIENTIST

CROSSWORD NO. 170 SET BY PLATYPUS

WIN A SPECIAL PUBLICATION
The winner of the May Crossword
puzzle prize draw was Mr John T
Lambert of Vancouver, BC.
All correct solutions will be placed in the
draw, and the winner’s name printed in
the September issue. The Editor’s decision
is final and no correspondence will be
entered into. Closing date - 22 July.
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 ....................................................
...............................................................
Membership number ...........................

ACROSS

DOWN

1

1

Neomorphosed aragonite (10)

2

Hysteresis (3)

3

Castrato (6)

4

Tissue drainage system (9)

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

5

Clad, as with sawn stone (5)

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

6

Representational notation for operations in logic
and mathematics (8)

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

7

Native of a federal state founded during WW2 and
made up of Bosnia & Herzegovina, Croatia,
Macedonia, Montenegro, Serbia, and Slovenia (11)

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

Palaeozoic, Mesozoic, etc. (4)

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

Address for correspondence ..............

4

9

Large, flat-floored
depression in karst
country(5)
Typical way of life of an
individual, group, or culture
(9)
Efficient in the way of work
(9)

10 Molten rock beneath the
surface (5)
11 Polyhedrons with 12 flat
faces (14)
14 Coal bed (4)
15 Birds of the genus Lagopus
(10)
18 High grade coal with shiny
lustre (10)
19 Flightless bird of New
Zealand (4)
21 Based upon the evidence of
the eye (13)

8

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

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

12 Of tectonic processes that move, elevate or build
up portions of the Earth’s crust (11)
13 Electronic testing device that produces regular
waveforms (10)

SOLUTIONS MAY

16 Withdrawn, as for example in the case of an
erroneous paper (9)

ACROSS:
1 Shelf 4 Maelstrom 9 Botanists 10 ROGEP
11 Unconformable 14 FOPS 15 Distressed
18 Calcareous 19 Coal 21 Anaesthetists
24 Rainy 25 Dreamlike 27 Keystones 28 Cleft

17 Oscar Niemeyer's South American federal capital
city (8)
20 Hewers of 18a and 14a (6)

24 C2H5 (5)

22 Mechanical man (5)

25 Triglyceride found in milk (9)
27 'Ere be dragons, possibly (9)

23 Andean nation bordered by Ecuador in the north and
Chile in the south (and a few others in between) (4)

28

26 Enemy (3)

Tau (5)

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

DOWN:
1 Subsurface 2 Ent 3 Fining 4 Muscovite
5 Epsom 6 Scrubber 7 Regressions
8 Mupe 12 Capillarity 13 Adolescent
16 Toughness 17 Catalyst 20 Atomic
22 Sedan 23 Trek 26 Ice

JULY 2013 29

RECRUITMENT

Geophysicists
Reynolds International Ltd is the UK’s leading independent nearsurface geophysics consultancy. Due to an increasing workload
and an ambitious growth plan we are seeking a number of
Geophysicists at all levels: Graduate, Project, Senior, Principal
and Technical Director.
We work in all aspects of terrestrial and offshore geophysics
including environmental and engineering geophysics, and wind
farm geophysics (especially offshore); earthquake preparedness
training and consultancy; and glacial hazard assessment and
mitigation. We have a reputation for scientific excellence and
technical innovation and are continually looking to pioneer leadingedge developments across all business sectors.
Further details of Reynolds International Ltd can be found on our
web site: www.reynolds-international.co.uk.
Full details of how to apply and indicative job descriptions are
provided at: www.reynolds-international.co.uk/vacancies.
Applications should be made by email directly to:
Professor John M. Reynolds, Managing Director
jmr@reynolds-international.co.uk
and should include a covering letter, CV, salary expectations, and
the names of at least two referees.

Suite 2, Broncoed House, Broncoed Business Park, Wrexham Road,
Mold, Flintshire, CH7 1HP.

Our pioneering
spirit is paying off.
Is yours?

Centrica Energy’s upstream business is growing fast, at home
in the UK and internationally. Our exploration and development
successes and active acquisitions programme mean we’re well
on our way to achieving our ambition to increase production by
50% within 5 years.

Be part of our exciting story...
Operations have expanded in all geographies such that we have
substantial ongoing exploration and development projects in the UKCS
(CNS, SNS and EIS), West of Shetlands, Netherlands, Norway, Trinidad
and Canada. We are looking for the following individuals in all our
geographies who can really make a difference and help us achieve our
growth targets:

Geologist CE3640 - Aberdeen
Geologist,
Centrica Energy

You will provide a wide range of geological support and technical advice
to the Southern North Sea asset team.

Reservoir Engineer CE3536 - Aberdeen
You will identify, justify and implement reserves bearing opportunities.

Senior Geophysicist CE3404 - Aberdeen
Geophysical support and technical advice including seismic interpretation.
We list global subsurface opportunities on our website:

www.centrica.com/careers
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In conjunction with:

Corporate Supporter:

'EOMETRY
AND 'ROWTH OF
.ORMAL &AULTS
23 -25 June 2014

The Geological Society, Burlington House, Piccadilly, London

Convenors:

Conrad Childs
University College
Dublin

Caroline Gill
Shell

Bob Holdsworth
Durham University

Chris Jackson
Imperial College
London

Tom Manzocchi
University College
Dublin

John Walsh
University College
Dublin

Graham Yielding
Badley Geoscience

The past few decades have seen major advances in our understanding of many aspects of the
kinematics of normal fault systems. The analysis of high quality 3D seismic datasets of faulted
volumes and detailed outcrop studies, combined with complementary geomechanical modelling,
have provided much improved constraints on both the nature and growth of faults and associated
fault zones. Recent research progress has beneﬁted from the importance of faulting in a variety
of application areas, such as the groundwater, minerals and petroleum industries. In a conference
convened on the 25th anniversary of the Geological Society’s 1989 ‘Geometry of Normal Faults’
conference, it is intended that the full range of technical issues associated with the growth of normal
faults, together with their practical applications, will be covered. The conference is in memory of
Juan Watterson, one of the pre-eminent scientists in the ﬁeld of 3-D fault analysis and modelling.

#ONTRIBUTIONS ARE INVITED ON ALL ASPECTS OF NORMAL FAULTS INCLUDING
s $ GEOMETRY AND KINEMATICS OF NORMAL FAULTS
s )NTERNAL STRUCTURE AND GROWTH OF FAULT ZONES
s $EFORMATION WITHIN THE VOLUME SURROUNDING NORMAL FAULTS
s &AULT GROWTH ON EARTHQUAKE THROUGH TO GEOLOGICAL TIME SCALES
s ,INKS BETWEEN THE DUCTILE AND BRITTLE EXPRESSION OF FAULTS
s 3TRESS AND STRAIN BASED METHODS FOR ANALYZING NORMAL FAULT SYSTEMS
s .UMERICAL MODELLING OF THE GEOMETRY AND GROWTH OF NORMAL FAULT SYSTEMS
s 0RACTICAL APPLICATION OF FAULT ANALYSIS TECHNIQUES

#ONüRMED )NVITED 3PEAKERS
Conference Sponsors:

*OE #ARTWRIGHT 5NIVERSITY OF /XFORD
$AVID &ERRILL 3OUTHWEST 2ESEARCH )NSTITUTE 4EXAS
Haakon Fossen - University of Bergen
James Jackson - University of Cambridge

Andy Nicol - GNS Science, Wellington
David Sanderson - University of Southampton
Janos Urai - RWTH Aachen University
Scott Wilkins - Anadarko

! üELDTRIP TO THE "RISTOL #HANNEL WILL FOLLOW THE MEETING TH TH *UNE 
!BSTRACT SUBMISSION AND REGISTRATION WILL OPEN IN LATE SUMMER 
For further information please contact: Steve Whalley
The Geological Society, Burlington House, Piccadilly, London W1J 0BG.
T: 020 7432 0980 or email: steve.whalley@geolsoc.org.uk

At the forefront of petroleum geoscience
www.geolsoc.org.uk/petroleum

CELEBRATING 100 YEARS OF OIL TECHNOLOGY AT IMPERIAL COLLEGE

Registration
Registration O
Open
pen

10
100
0 Years
Years and
and B
Beyond:
eyond:
FFuture
uture PPetroleum
etroleum SScience
cience & TTechnology
echnology D
Drivers
rivers
Date: 23-24 September 2013
Venue: Imperial College London
This 2-day meeting will celebrate 100 years of petroleum-related science
and engineering education at Imperial College. With a list of distinguished
speakers, we aim to mark this landmark achievement by looking forward
to the next 100 years, with emphasis on discussing key future drivers and
related energy supply issues. The meeting will be wide-ranging, with
presentations covering global energy trends, future geoscience and
engineering technologies, unconventional hydrocarbon resources, carbon
sequestration and climate change.
We have an outstanding group of confirmed speakers, including:
• Lord Oxburgh of Liverpool
• Lord Browne of Madingley
• Professor Scott Tinker (Director, Bureau of Economic Geology, Texas)
• Dr Bruce Levell (VP Emerging Technologies, Shell)
• Malcolm Brown (Senior VP Exploration, BG Group)
• Dr Bryan Lovell OBE (past President, Geological Society)
• Professor Joe Cartwright (University of Oxford)
• Emeritus Professor John Woods (Imperial College & the 2007 Joint
Nobel Peace Prize Winner)
• Dr Mike Daly (VP Exploration, BP)
The meeting is jointly convened by Imperial College London and by The
Geological Society of London, supported by the American Association of
Petroleum Geologists, The Society of Petroleum Engineers and by he
Petroleum Exploration Society of Great Britain and the European
Association of Geoscientists and Engineers.

Further information and registration details:
Further information and registration details can be found at:
www.geolsoc.org.uk/oilcentenary13
or contact Steve Whalley at the Geological Society, using the
following email address: steve.whalley@geolsoc.org.uk

IN ASSOCIATION WITH

