PARTING SHOTS

THE THIRD DIMENSION

time’s arrow in bedded sequences and infer the ever-changing conditions of their formation. We can pick out the unconformities, sometimes representing vast breaks in recorded history, through which James
Hutton realised he could glimpse ‘ancient worlds’. We can see the evidence for multiple phases of igneous activity, faulting, folding, and
metamorphism. British maps sometimes bring us close to the present

3D printing is much in the news at present, and this Parting Shot was
stimulated by an item on the radio programme that I enjoy at breakfast. Surgeons somewhere in England, I learned, are planning to print
a replacement head for a young man terribly injured in a motorcycle
accident. The reality was slightly less dramatic than the headline, but
there is no doubt that computers have transformed our ability to visualize and manipulate complex 3D shapes. Learning to envision complex
objects, very large (like mountain ranges) and very small (like crystal
atomic structures), and sometimes abstract (like quaternary phase diagrams), in 3D has always been a big part of geological training, and I
think we can collectively claim to be rather good at it.
Quite rightly, learning how to make, read and interpret geological maps
is a central part of most geology degree programmes. Geological maps
are really wonderful things, depicting how complex underground 3D
shapes are expressed on a surface that is, in hilly country, itself a complex 3D shape. Their special characteristic, which sets them above
mere topographic maps, is that they come with time
as a fourth dimension. With training
we can rapidly discern

Interpretative panel looking
across the transcurrent
Great Glen fault, a terrane
boundary, towards Ben Nevis

GLACIERS, VOLCANOES AND
DRIFTING CONTINENTS
The North Face of Ben Nevis was carved by ice plucking at the heart of an
ancient volcano. Just in front of you, beyond the River Lochy, is a great tear
in the crust of the Earth, the mighty Great Glen fault.
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This interpretation board is one of a number forming Rock Routes around Lochaber.
There are boards from Glen Coe to the Great Glen, from Glen Roy to Ardnamurchan
and Arisaig. For more information visit www.lochabergeopark.org.uk.

You can see a display of rocks from Ben Nevis in the North Face car park
at Torlundy, which is just off the A82, approximately 7 miles from here.

Chaidh aghaidh a tuath Beinn Nibheis a snaigheadh le eigh a’ spìonadh aig cridhe
Bholcàno aosmhòr. Dìreach air ur beulaibh, air taobh thall na h-aibhne Lòchaidh,
tha sracadh mòr ann an rùsg na Talmhainn, sgàineadh uamhasach a’ Ghlinne Mhòir.
Ben Nevis

Carn Mòr Dearg

Andesite lavas
Glen Nevis

Inner granite
Outer granite

The active caldera. Vast ash clouds
are erupted as the rocks of the caldera
sink into the magma chamber below

Diorite
Ballachulish limestone

Nevis Range in Winter

200 km

The great corrie (or cirque) beneath Ben Nevis was carved by ice during the most recent
glacial period, which was at its coldest only 20,000 years ago. Snow collected in a valley
to such a depth that it started to flow, forming a small glacier. The glacier plucked at the
head-wall of the corrie and gouged out its floor, giving the distinctive corrie shape.
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420 million years later,
glaciers carve the present
shape of Ben Nevis

Ri
t le

Carn
Dearg
Buttress

Ca
s

To
w

er

dg

e

Ri

dg

e

North-East
Buttress
Carn Mòr
Dearg Arete

chy
er Lo

Derived from images provided by the British Geological Survey

Dalradian schist and quartzite

The work of ice

North Face of
Castle Ridge

The North Face of Ben Nevis with the main
ridges and gullies used by climbers marked.
The face is carved in andesite lava flows.
Glaciers retreated rapidly from Scotland 15,000 years ago but only 10,500 years ago
there was a return to Arctic conditions, lasting about 1000 years, when the site of Fort
William was again beneath a small ice-sheet.

A ring of fire

Colliding continents

The Nevis Range is built from rocks that formed beneath a volcano about 420 million
years ago. The volcano, and a similar one in Glen Coe, developed near the end of the
long period of mountain building that formed the Caledonian Mountain Chain, which
stretches from Norway, through North-East Greenland, to the Appalachian range in
North America.

The volcano was intruded through a series of rocks
called the Dalradian Supergroup, deposited as
layers of sandstone, mud and limestone in a shallow
sea on the edge of an ancient continent 800 million
years ago. 470 million years ago the continent
collided with a subduction zone. The rocks were
folded, piled up into a high mountain range, and
recrystallized to form schists and quartzites.

Deep beneath the mountain range, rocks began to melt. Molten magma moved
upwards through the crust. Some solidified in magma chambers below the surface,
forming large intrusions of granite. In Nevis Range these are arranged in rings, with an
outer, broken ring of diorite surrounding rings of white ‘outer’ and pink ‘inner’ granite.
Above the magma chamber, a large volcano was pouring out a type of lava called
andesite, after the Andes mountains. Andesites are being erupted today along the ‘ring
of fire’ that surrounds the Pacific Ocean.
The throat of the Ben Nevis volcano contained a caldera (Spanish for ‘cauldron’) with a
lava lake in its centre. Solidified andesite lavas in the base of the caldera subsided down
circular faults into the granite below and now form the North Face of Ben Nevis.

Mica schist

The rocks beneath your feet are schists from the Moine Supergroup, with a different history.
They too were deposited in a shallow sea, but 870 million years ago, and have experienced
three episodes of folding. The Dalradian and Moine rocks were brought together 430 million
years ago along the Great Glen Fault during an oblique collision between two continents.
Slabs of crust slid past each other along sideways faults. The Great Glen Fault is a major
feature of the Earth’s crust that extends 40 km down into the mantle. Estimates of the
horizontal distance moved range from 200 to 500 km. There is a zone of crushed rock 1 km
thick between the two ‘terranes’.
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Ben Nevis, 1344 m (4406 feet), Britain’s
highest mountain, from the north.
The cliffs of the North Face expose a pile
of late Silurian andesite flows.

income is tourism. In 2013, 119,000
people, six times the population of
Lochaber, climbed Britain’s rather
modest highest peak, Ben Nevis, all
on foot, from sea level.

Aonach Mòr

Ben Nevis

Carn Mòr Dearg

I recently helped design 20 interpretative panels for the Geopark,
which covers about 4500 km 2 and
has a long fjord coastline. The panels
form a ‘Rock Route’, and visitors
can pick up a pamphlet that leads
them, by car or bike, sometimes by
ferry, to panels at points that combine stunning scenery with exciting
geology (www.wildlochaber.com/
things-to-do-geopark-rock-route).
Writing text for the general public
is challenging. You don’t get many
words with which to introduce all
the many rock types and tell their
story. Many of the panels have, as
their centrepiece, an oblique geological map like my example from Ben
Nevis. They are based on originals
very kindly provided by the British
Geological Survey, who have some
very smart software that allows the
user to drape the geology over a 3D
rendering of the landscape from any
chosen direction.
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Oblique geological map used on the interpretative panel

The vertical displacement of the caldera
andesites is about 600 m.

with notes on Quaternary deposits. I have a 1904 Geological Survey
map of the county of Kent, south-east of London, beside me, with fascinating neat annotations hinting of a fast-changing, post-glacial world:
‘ELEPHANT RHINOCEROS, &c. IN MEDWAY GRAVEL AT AYLESFORD’.
Palaeolithic hunters roamed where now the stockbrokers roam.
Few, if any, forms of human communication are as densely packed with
information as a geological map, but for the general public they remain
largely impenetrable. It is often hard to see topographic contours, and
the key to the colours uses unfamiliar specialised names. Reading the
map so that you can relate it to your surroundings and unravel their
history needs training, a lot of training. I work for a voluntary organization called Lochaber Geopark, which aims to explain the geology
in this part of the West Highlands of Scotland to visitors and local
people (www.lochabergeopark.org.uk). Lochaber’s main source of
E LEMENTS

When you have the geology in
3D before you, somehow the real
scenery comes to life. With the help
of some simple block diagrams, non-expert visitors can imagine the
andesite flows in the Ben Nevis caldera descending 600 m while great
ash clouds were erupting along the ring-fault, 420 million years ago.
They can see, in the middle distance, the trace of the mighty Great Glen
transcurrent fault and imagine the two terranes, built of metamorphic
rocks of the Moine and Dalradian super-groups, grinding past each
other. They can read how these rocks formed as sedimentary sequences
at different times, the oldest stretching back a billion years, in different
places, and how they have different metamorphic histories. And our
visitors can imagine Ben Nevis a mere 12,000 years ago, when only its
upper reaches were visible as a nunatak above an ice sheet a kilometre
thick and modern humans had not yet arrived.
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RARE MINERALS
FOR RESEARCH

Assistant Professor in Inorganic
Chemistry/Biogeochemistry
This position is open to an outstanding scientist
with a demonstrated track record of scientific
achievements within Inorganic Chemistry and/
or highly related research areas, such as Biogeochemistry. More specifically, we are searching
for an experimentalist or a theoretician with research activities
focused on inorganic solution chemistry, solids and/or interfaces
that can complement scientific themes covered within the biogeochemistry research group of the department. Use of national
infrastructures (e.g. MAX-lab, Swedish National Infrastructure
for Computing) is encouraged, although not a prerequisite that
will impact the outcome of the selection process.

F

ROM our inventory of over 200,000 specimens, we can supply your research specimen
needs with reliably identiﬁed samples from worldwide localities, drawing on old,
historic pieces as well as recently discovered exotic species. We and our predecessor
companies have been serving the research and museum communities since 1950. Inquiries
by email recommended.

An Assistant Professor position is restricted to a time period of
4 years. Candidates should have a Ph.D. in Chemistry or closely
related areas, not more than seven years old, and documented
research experiences within Inorganic Chemistry, Biogeochemistry
or related areas. An Assistant Professor should predominantly
conduct research but may also be involved in up to 20% teaching.
Note that teaching duties require excellent proficiency in either
English or Swedish.

Dodecahedral grossular crystal from Sierra de Cruces, Coahuila, Mexico.
Photograph by Jeff Scovil from Excalibur’s exclusive Photographic Guide to Mineral Species CD.

More details on the position (reference number AN 2.2.1.2-473-14)
and on the application procedures can be found at:

Excalibur Mineral Corp.

www.umu.se/english/about-umu/open-positions
Further information can be obtained from Professor Jean-François Boily

1885 Seminole Trail, Ste 202,Charlottesville, VA 22901-1160, USA
NEW
Telephone: 434-964-0875; Fax: 434-964-1549
ADDRESS

(jean-francois.boily@chem.umu.se). Application deadline is

May 22, 2014.

www.excaliburmineral.com | email: info@excaliburmineral.com

ADVERTISERS IN THIS ISSUE
AHF Analysentechnik

84

Australian Scientific Instruments (ASI)

Inside front cover

Bruker Daltonik

131

Bruker Nano

160

Cameca

85

Excalibur Mineral Corporation

160

FEI

92

Geochemist’s Workbench

Back cover

Geological Society of London

141

Gübelin Gem Lab

5-in-1 fantasy:
Giralope

77

International Mineralogical Association

152

JEOL

89, 160

Rigaku

86

Savillex

Inside back cover

Spectro

91

Springer

84

Thermo Scientific

79

Wiley
JOB POSTINGS

5-in-1 reality: Bruker‘s range of
analytical tools for SEM

Umeå Universitet

160

See www.elementsmagazine.org/jobpostings

www.bruker-5on1.com
E LEMENTS

80–81

160

A PR IL 2014

,&36DPSOH,QWURGXFWLRQ
6ROXWLRQVIRU*HRFKHPLVWU\
 from the leader in ﬂuoropolymer manufacturing
Savillex Corporation
has been proudly
serving the
geochemistry
community for over 35
years.
– Dr. Mike Cheatham,
Our ﬂuoropolymer
Syracuse University
labware products are
used throughout the
world for sample digestion, separations, storage and
many other applications. We understand the unique
needs of geochemists and now our new line up of
ICP-OES and ICP-MS sample introduction products
combine the highest performance and the lowest metal
background with the ruggedness and reproducibility
required for routine analysis.

“Geochemistry would
not be where it is
today if it were not for
Savillex Corporation.”

All of our ICP sample introduction products are
designed, molded and tested in house, using only the
highest purity grade PFA resins.

For technical notes, videos and to ﬁnd your local
Savillex distributor, visit www.savillex.com.
Savillex Corporation

Phone: 952.935.4100 | Fax: 952.936.2292
Email: info@Savillex.com | www.savillex.com

Nebulizers – C-Flow
• C-Flow microconcentric PFA
nebulizer range with the narrowest
uptake rate speciﬁcation
• New C-Flow 35 with uptake rate of
35uL/min +/-7uL/min
• C-Flow range for desolvators –
standard ﬁtment on the CETAC
Aridus II
• C-Flow 700d with removable
uptake line for high solids applications – up to 25% TDS
• All C-Flows can be backﬂushed
without tools

Inert Kits
• PFA kits with Scott type chamber
• True double pass design gives
lower RSDs
• O-ring free end cap
• Platinum or sapphire injectors
• Available for Agilent
7500/7700/8800 and Thermo
Element 2/Neptune
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• Lowest metal background
• Highest seal integrity

The Geochemist’s Workbench® is a registered trademark of Aqueous Solutions, LLC.

Ophiolite at Pietra Parcellara
Photo by Luca Quadrio

GWB 10.0 is better, easier, faster.
Colloid-facilitated transport, central
dashboard, undo-redo, thermo data
editor, MATLAB® bindings, axisymmetric
coordinates, turbo scripting, and it’s
Windows 8 friendly!
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