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The New Year of 2016 opened with a great flurry of activity on the
Mineralogical Society of America’s on-line discussion board ‘MSA-talk’
about the teaching of crystallography. More members rushed to their
keyboards to contribute on this topic than on any I can remember.
I confess I didn’t read all the contributions, but I think a reasonable
one-line summary would be ‘fi nd a method that works for you and
stick to it’. In the UK, crystallography has lost its place in the foundations of geology courses, often on the grounds that it will scare off
students who will gravitate towards courses they believe will be less
demanding. In fact, as many will discover, at the level they are expected
to achieve in geology courses, the explicit solutions to relatively simple
crystallographic problems are much more easily obtained than deep
understanding of complex, multi-facetted topics like the history of
mountain belts and terrane assembly.
I taught crystallography (among other things) for 40 years, and always
enjoyed it. At the start of my career I was dropped in at the deep-end
when, in 1964, I got a lectureship at the University of Aberdeen, in
north-east Scotland, where crystallography was a major part of the
curriculum for geology students. The one man-in-charge was Professor
of Geology and Mineralogy, Thomas Crawford Phemister (1902–1982),
an austere Scot who usually came to work in a black jacket, pin-striped
trousers, white shirt and silver tie. In the brief, cool Aberdeen summer
he chilled-out by appearing in a beige linen tropical suit.
Phemister graduated from Cambridge University (UK) in the 1930s,
when crystallography was in its heyday, and he certainly saw it as the
core of geology. He was a brilliant man, but wrote only 10 papers, on a
mix of crystallography and geological topics, including a long review of
the ‘Sudbury Irruptive’ (Canada). The most remarkable was published
in American Mineralogist in 1954 and is entitled ‘Fletcher’s indicatrix
and the electromagnetic theory of light’. In it, Phemister shows, for the
benefit of the ‘enquiring student’ (!), how the indicatrix can be deduced
from Maxwell’s electromagnetic equations, and then how Maxwell’s
equations can be derived from Fletcher’s indicatrix. The presentation
is ‘much simplified by using the abbreviated notation of Cartesian
tensors’, but there are still 20 pages of equations with very little text.
The paper ends with a three-line equation. There is no concluding
text and no acknowledgements. Sadly, but perhaps unsurprisingly, this
tour-de-force has been rewarded by only three citations.
As a fresh young lecturer whose interests were mainly in petrology, I
advanced into this hot-house of crystallography with much trepidation. Course content was fi rmly prescribed by the professor. At secondyear level, where I did most
of my crystallography
teaching, the fi rst practical
activity for each student
was to measure the interfacial angles of a crystal using
an optical goniometer,
plot a stereogram, index
the face-poles and calculate the axial ratio. The
crystals were usually about
5 mm in length; the quartz
crystal in my photograph is
A Unicam single-circle optical
40 mm long, and used only
FIGURE 1 goniometer, like the one described
for illustration (FIG. 1).
in the text. The quartz crystal here is much
larger than those I used for teaching.

Crystallographic
drawing (derived
from goniometer measurements) of a Scottish calcite
crystal. From Heddle’s
Mineralogy of Scotland (1901).

FIGURE 2

A special, windowless room was assigned
for this purpose, fitted out with tall tables
beside which the students would stand
for 3 hours per week for 4 weeks. Because
the number of goniometers was less than
the number of students, I spent 24 hours
of each year in nearly complete darkness
while the students snuffled and muttered
and cursed as they strove to fi nish their
assignment. As the crystals were rotated,
the signals reflected from the faces shone
on the walls and moved like miniature
searchlights, some in the plane of the
turntable, but too many describing sine
waves around the walls.

For readers who inhabit only the mainly scalar world of geochemistry, I have inserted a drawing of a crystal of calcite (FIG. 2) from
the magnificent two-volume work by Matthew Forster Heddle (1828–
1897), The Mineralogy of Scotland, published posthumously in 1901.
The mighty Heddle has featured in an Elements Parting Shots column
before (Parsons 2010). To measure an interfacial angle you have to set
the edge direction between any two faces exactly vertical, using the
arcs. Once you have one edge vertical you will fi nd parallel edges and
will have located a zone of faces that you can plot on a great circle.
Their common edge direction is the zone axis. This is relatively easy
for the prism zone (the set of faces labelled a, b, a, b,… on Heddle’s
drawing), but it is much harder to fi nd inclined zones and usually
means removing the crystal from its bed of plasticine (soft modelling
clay) and replacing it at an angle to the turntable.
Fortunately, I had done a lot of single-crystal X-ray diffraction work on
feldspars during my PhD programme. I certainly was not, and never
have been, an expert crystallographer, but I could fi nd a zone axis and
set it vertical, however obscure and inclined, in the twinkling of an
eye, as if by magic. So, when a student was clearly beginning to suffer
unsustainable levels of stress, I would stroll over in the gloom and
tell him or her to watch while I performed this trick. Unfortunately,
because the student couldn’t look through the horizontal telescope as I
performed, the exact manipulations still remained mysterious. But they
would have another great circle on their stereogram, and, rejuvenated,
would forge ahead!
Was this 12-hour ordeal a waste of time? I think not. It was fi ne
training in a tricky, manipulative technique, and in careful recording of
measurements, early in the student’s course. When the penny dropped
and they suddenly understood, the pleasure was palpable, and mutual.
There is no better way to understand stereograms than to construct one
for your own crystal, and because the major zone axes often correspond
with the cell edge directions, students could make the connection
between cell edge directions and the crystal’s lattice. The lecture course
progressed system by system, starting with the triclinic and plotting
an exact stereogram of a real example of the holosymmetric class of
each system, calculating Miller indices, exact axial ratios and angles,
applying Napier’s spherical trigonometry and arcane devices like the
anharmonic ratio of four tautozonal faces. Students deduced all the
reduced symmetry point groups in each system using sketch stereograms and figured out all the two-dimensional triclinic, monoclinic
and orthorhombic space groups by experiment. After some months of
this we started to look at real minerals. Those were the days!
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JOB POSTINGS
DIRECTOR OF THE SUBSURFACE ENERGY
RESOURCE CENTER

DEPARTMENT OF EARTH SCIENCES
(ECONOMIC GEOLOGY)

The Ohio State University invites applications for the position of Director of the
Subsurface Energy Resource Center (SERC) at the rank of full professor with tenure.
We seek a visionary leader for SERC who will foster its mission to facilitate research,
education, and outreach involving academia, industry, and numerous stakeholders to
understand and enable efficient, economic, and socially responsible use of energy
resources with a reduced environmental footprint. SERC was established in 2011 in
response to recent technical advances that are leading to the rapid expansion of horizontal drilling operations for hydrocarbon-bearing shale in eastern Ohio. The successful
candidate will be national and/or international expert who holds a PhD in fields related
to subsurface energy science, related environmental science and/or technology; or
other relevant fields and has a proven track record of productivity and excellence in
research and teaching. The candidate is expected to build strong collaborations with
faculty across the university and orchestrate large multi-disciplinary/multi-institutional
proposals.

ASSISTANT OR ASSOCIATE PROFESSOR
(Application Closing Date: July 15, 2016 or until the position is filled)
The Department of Earth Sciences at Carleton University invites applications from
qualified candidates for a preliminary (tenure-track) appointment in economic geology
at the rank of Assistant or Associate Professor beginning on January 1, 2017.
Applicants must have a Ph.D. in Earth Sciences, have demonstrated excellence in
teaching, possess a strong commitment to research and scholarship, as refl ected in
peer-reviewed publications, have strong connections with industry, and be engaged
in a research area that has a strong field component. The successful candidate will
develop a vigorous, externally-funded, high-quality research program; will be committed to effective teaching at the undergraduate and graduate levels; and will contribute effectively to the academic life of the Department and Ottawa-Carleton Geoscience
Centre joint institute. Preference will be given to candidates with expertise in Resource
Evaluation and business management related to economic geology. Profi ciency in
English is a requirement.

The Ohio State University campus is located in Columbus, the capital city of Ohio.
Columbus is the center of a rapidly growing and diverse metropolitan area with a
population of over 1.5 million. The area offers a wide range of affordable housing,
many cultural and recreational opportunities, excellent schools, and a strong economy
based on government as well as service, transportation and technology industries (see
http://liveworkplaycolumbus.com). Columbus has consistently been rated as one of
the Top US cities for quality of life.

Candidates must have demonstrated expertise, experience and research interests in
the field of economic or resource geology and resource evaluation. S/he must be able
to teach core courses in mineral deposits, resources of the earth, fi eld geology and
engineering geoscience, and supervise Honours research theses in our Earth Sciences
B. Sc. Honours with Concentration in Resource Valuation, a program that is offered in
partnership with the Sprott School of Business and the Department of Economics.

Apply to Academic Jobs Online at: http://academicjobsonline.org/ajo/jobs/6952.
Complete applications include: (1) curriculum vitae, (2) statement of research interests
and teaching goals, (3) a vision statement describing the nexus of subsurface science,
its development, and potential societal and environmental impacts, (4) names,
addresses and emails of at least four professional references. Review of applications
begins immediately and continues until the positions are filled. Candidates may contact
the search committee chair, Prof. David Cole at cole.618@osu.edu.

Information about the undergraduate programs of the Department of Earth Sciences
and the link to the extended job advertisement may be found at www.earthsci.carleton.
ca. The Departments of Earth Sciences and Geography, at both Carleton University
and the University of Ottawa, form the Ottawa-Carleton Geoscience Centre, a collaborative research and graduate institution with a wide range of research facilities.
Please send application by email in one single PDF document to the attention of: Chair,
Department of Earth Sciences, Carleton University, 1125 Colonel By Drive, and Ottawa,
Ontario, K1S 5B6 c/o Mrs. Sheila Thayer (SheilaThayer@Cunet.carleton.ca). Applications
should include curriculum vitae, a cover letter, and a teaching dossier including teaching
experience, a statement outlining current and future research interests, and the names
and addresses (including e-mail addresses) of three referees. The deadline for applications is July 15, 2016. Applications will be accepted until the position is filled.

The Ohio State University is an equal opportunity
employer. All qualified applicants will receive consideration for employment without regard to race, color, religion, sex, sexual orientation, gender identity, national
origin, disability status, or protected veteran status.

Please indicate in your application if you are a Canadian citizen or permanent resident
of Canada.
Carleton University is strongly committed to fostering diversity within its community as a
source of excellence, cultural enrichment, and social strength. We welcome those who would
contribute to the further diversification of our University including, but not limited to: women;
visible minorities; First Nations, Inuit and Métis peoples; persons with disabilities; and persons of any sexual orientation or gender identity and expressions.
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