February 2016
Volume 12, Number 1
ISSN 1811-5209

Earth Sciences
for Cultural
Heritage
GILBERTO ARTIOLI and SIMONA QUARTIERI, Guest Editors

Role of Geoscience in Cultural Heritage
Archaeological Geophysics
Geochronology Beyond Radiocarbon
Perspectives from an Art Museum
Chemical Imaging: Virtual Archaeology
Synchrotron Characterization of Fossils

Elements is published jointly by the Mineralogical
Society of America, the Mineralogical Society
of Great Britain and Ireland, the Mineralogical
Association of Canada, the Geochemical Society,
the Clay Minerals Society, the European
Association of Geochemistry, the International
Association of GeoChemistry, the Société
Française de Minéralogie et de Cristallographie,
the Association of Applied Geochemists,
the Deutsche Mineralogische Gesellschaft,
the Società Italiana di Mineralogia e Petrologia,
the International Association of Geoanalysts,
the Polskie Towarzystwo Mineralogiczne
(Mineralogical Society of Poland), the Sociedad
Española de Mineralogía, the Swiss Society of
Mineralogy and Petrology, the Meteoritical
Society, and the Japan Association of Mineralogical
Sciences. It is provided as a benefit to members
of these societies.
Elements is published six times a year. Individuals
are encouraged to join any one of the participating societies to receive Elements. Institutional
subscribers to any of the following journals—
American Mineralogist, Clay Minerals, Clays and
Clay Minerals, Mineralogical Magazine, and The
Canadian Mineralogist—also receive one copy
of Elements as part of their 2016 subscription.
Institutional subscriptions are available for
US$165 (US$180 non-US addresses) a year
in 2016. Contact the executive editor (jrosso.
elements@gmail.com) for information.
Copyright 2016 by the Mineralogical Society
of America
All rights reserved. Reproduction in any form,
including translation to other languages, or by
any means—graphic, electronic, or mechanical,
including photocopying or information storage
and retrieval systems—without written permission
from the copyright holder is strictly prohibited.
Publications mail agreement no. 40037944
Printed in USA
ISSN 1811-5209 (print)
ISSN 1811-5217 (online)

Volume 12, Number 1 • February 2016

Earth Sciences
for Cultural Heritage
Guest Editors: Gilberto Artioli and Simona Quartieri

13

The Contribution of Geoscience
to Cultural Heritage Studies
Gilberto Artioli and Simona Quartieri

19

COVER IMAGE :
Anthropomorphic limestone
pebble, ~13.3 cm tall, incised
with relief decorations. From
the Neolithic layers of Riparo
Gaban (Trentino, Italy). For
more information see pages
46-47 in the “Antenate di
Venere 27.000 – 4.000 a.C.”
catalog published in 2009
by Skira Editore (Milan).
PHOTO CREDIT: P. CHISTÈ,
MUSEO TRIDENTINO DI SCIENZE
NATURALI, ITALY.

Application of Geophysical Methods
to Cultural Heritage
Roger Sala, Robert Tamba, and Ekhine Garcia-Garcia



27

Geochronology Beyond Radiocarbon:
Optically Stimulated Luminescence Dating of
Palaeoenvironments and Archaeological Sites
Constantin D. Athanassas and Günther A. Wagner

33

The Earth Sciences from the Perspective
of an Art Museum
Federico Carò, Elena Basso, and Marco Leona

39

Virtual Archaeology of Altered Paintings:
Multiscale Chemical Imaging Tools
Koen Janssens, Stijn Legrand, Geert Van der Snickt, and Frederik Vanmeert

45

Advanced Synchrotron Characterization
of Paleontological Specimens
Pierre Gueriau, Sylvain Bernard, and Loïc Bertrand

www.elementsmagazine.org
www.elements.
geoscienceworld.org

D E PA R T M E N T S
Editorial – What Would Indiana Jones Think? . . . . . . . . . . . . . . . 3
From the Editors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
People in the News . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
Perspective – Cultural Heritage – Beautiful Questions . . . . . . . . 8
Meet the Authors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
Society News
Mineralogical Society of America . . . . . . . . . . . . . . . . . . . . . 52
Japan Association of Mineralogical Sciences . . . . . . . . . . . . . 54
Association Internationale pour l’étude des Argiles . . . . . . . . 55
Meteoritical Society . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
Sociedad Española de Mineralogía . . . . . . . . . . . . . . . . . . . . 57
Deutsche Mineralogische Gesellschaft . . . . . . . . . . . . . . . . . 58
Mineralogical Association of Canada . . . . . . . . . . . . . . . . . . 60
Mineralogical Society of Great Britain and Ireland . . . . . . . . 62
Association of Applied Geochemists . . . . . . . . . . . . . . . . . . . 64
Société Française de Minéralogie et de Cristallographie . . . . 66
Clay Minerals Society . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
European Association of Geochemistry . . . . . . . . . . . . . . . . . 68
Geochemical Society . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
CosmoElements – Qarabawi’s Charm: Looking
Beyond the Science . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73
Elements Toolkit – Optical Profilometry . . . . . . . . . . . . . . . . . 75
Elements Toolkit 2 – NSF Earth and Environmental
Nanoscience and Technology Centers . . . . . . . . . . . . . . . . . 77
Book Review – Global Volcanic Hazards and Risk . . . . . . . . . . . . 79
Calendar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
Advertisers in this Issue . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

1

PARTICIPATING SOCIETIES
The Mineralogical
Society of America is for
individuals interested in
mineralogy, crystallography,
petrology, and geochemistry. Founded in 1919, the
Society promotes, through
research, education, and publications, the
understanding and application of mineralogy by industry, universities, government,
and the public. Membership benefits include
Elements magazine, access to the electronic
version of the American Mineralogist, as well
as discounts on journals, Reviews in Mineralogy & Geochemistry series, textbooks,
monographs, reduced registration fees for
meetings and short courses, and participation in a society that supports the many
facets of mineralogy.
SOCIETY NEWS EDITOR: Andrea Koziol
(akoziol1@udayton.edu)

MEMBERSHIP INFORMATION:
msa.minsocam.org/membership.html
The Mineralogical
Society of Great Britain
and Ireland is an international society for all
those working in the
mineral sciences. The
society aims to advance the
knowledge of the science of mineralogy and
its application to other subjects, including
crystallography, geochemistry, petrology,
environmental science and economic
geology. The society furthers its aims
through scientific meetings and the publication of scientific journals, books and monographs. The society publishes Mineralogical
Magazine and Clay Minerals. Students receive
the first year of membership free of charge.
All members receive Elements.
SOCIETY NEWS EDITOR: Kevin Murphy
(kevin@minersoc.org)
The Mineralogical Society
12 Baylis Mews, Amyand Park Road
Twickenham, Middlesex TW1 3HQ, UK
Tel.: +44 (0)20 8891 6600
Fax: +44 (0)20 8891 6599
info@minersoc.org
www.minersoc.org

Association of Applied Geochemists
P.O. Box 26099
Nepean, ON K2H 9R0, Canada
Tel.: 613-828-0199; fax: 613-828-9288
office@appliedgeochemists.org
www.appliedgeochemists.org
The Deutsche
Mineralogische
Gesellschaft (German
Mineralogical Society)
was founded in 1908 to
“promote mineralogy and
all its subdisciplines in
teaching and research as well as the personal
relationships among all members.” Its great
tradition is reflected in the list of honorary
fellows, who include M. v. Laue, G. v.
Tschermak, P. Eskola, C. W. Correns, P.
Ramdohr, and H. Strunz. Today, the society
especially tries to support young researchers,
e.g. to attend conferences and short courses.
Membership benefits include the European
Journal of Mineralogy, GMit, and Elements.

Geochemical Society Business Office
Carnegie Institution for Science
Abelson Bldg, Rm G05
5241 Broad Branch Road, NW
Washington, DC 20015-1305, USA
Tel: +1 (202) 478-8836
gsoffice@geochemsoc.org
Explore GS online at www.geochemsoc.org
Founded in 1985, the
European Association
of Geochemistry is a
non-profit organization
dedicated to promoting
geochemistry internationally. The society is an
active and dynamic organization of over
2800 members that leads the European
Goldschmidt conference organization,
publishes Geochemical Perspectives and
Geochemical Perspectives Letters, recognizes
scientific excellence through awards, organizes a Distinguished Lecture Program,
sponsors workshops and conferences in
Europe, supports students and Early Career
Scientists, publishes job opportunities,
newsletters, blogs, press releases and partners with other learned societies to
strengthen geochemistry internationally.

SOCIETY NEWS EDITOR: Klaus-Dieter Grevel
(Klaus-Dieter.grevel@ruhr-uni-bochum.de)
Deutsche Mineralogische Gesellschaft
dmg@dmg-home.de
www.dmg-home.de
The Società Italiana
di Mineralogia e
Petrologia (Italian Society
of Mineralogy and Petrology), established in 1940,
is the national body representing all researchers
dealing with mineralogy, petrology, and
related disciplines. Membership benefits
include receiving the European Journal of
Mineralogy, Plinius, and Elements, and a
reduced registration fee for the annual meeting.

SOCIETY NEWS EDITOR: Ruben Kretzschmar
(ruben.kretzschmar@env.ethz.ch)

SOCIETY NEWS EDITOR: Michele Lustrino
(Michele.Lustrino@uniroma1.it)

MEMBERSHIP INFORMATION:
www.eag.eu.com/membership

The Mineralogical
Association of Canada
was incorporated in 1955
to promote and advance
the knowledge of mineralogy and the related disciplines of crystallography,
petrology, geochemistry, and economic
geology. Any person engaged or interested
in these fields may become a member of the
Association. Membership benefits include a
subscription to Elements, reduced cost for
subscribing to The Canadian Mineralogist, a
20% discount on short course volumes and
special publications, and a discount on the
registration fee for annual meetings.

Società Italiana di Mineralogia e Petrologia
Dip. di Scienze della Terra
Università di Pisa, Via S. Maria 53
I-56126 Pisa, Italy
Tel.: +39 050 2215704
Fax: +39 050 2215830
segreteria@socminpet.it
www.socminpet.it

The International
Association of
GeoChemistry (IAGC) has
been a preeminent international geochemical organization for over 40 years. Its
principal objectives are to
foster cooperation in the advancement of
applied geochemistry by sponsoring specialist
scientific symposia and the activities organized
by its working groups and by supporting its
journal, Applied Geochemistry. The administration and activities of IAGC are conducted by
its council, comprising an Executive and ten
ordinary members. Day-to-day administration
is performed through the IAGC business office.

The International Association of Geoanalysts is
a worldwide organization
supporting the professional
interests of those involved
in the analysis of geological
and environmental materials. Activities include the management of
proficiency-testing programmes for bulk-rock
and micro-analytical methods, the production
and certification of reference materials and
the publication of the association’s journal,
Geostandards and Geoanalytical Research.

SOCIETY NEWS EDITOR: Chris Gardner
(iageochemistry@gmail.com)
IAGC Business Office
275 Mendenhall Laboratory
125 South Oval Mall
Columbus, OH 43210, USA
Tel.: 614-688-7400; fax: 614-292-7688
www.iagc-society.org

SOCIETY NEWS EDITOR: Johanne Caron
(johanne.caron@ete.inrs.ca)
Mineralogical Association of Canada
490, de la Couronne
Québec, QC G1K 9A9, Canada
Tel.: 418-653-0333; fax: 418-653-0777
office@mineralogicalassociation.ca
www.mineralogicalassociation.ca
The Clay Minerals
Society (CMS) began as the
Clay Minerals Committee
of the US National Academy
of Sciences – National
Research Council in 1952.
In 1962, the CMS was
incorporated with the primary purpose of
stimulating research and disseminating
information relating to all aspects of clay
science and technology. The CMS holds
annual meetings, workshops, and field trips,
and publishes Clays and Clay Minerals and
the CMS Workshop Lectures series. Membership benefits include reduced registration fees
to the annual meeting, discounts on the
CMS Workshop Lectures, and Elements.

The Clay Minerals Society
3635 Concorde Pkwy Ste 500
Chantilly, VA 20151-1110, USA
Tel.: 703-652-9960; fax: 703-652-9951
cms@clays.org
www.clays.org

SOCIETY NEWS EDITOR: Dennis Arne
(Dennis.Arne@csaglobal.com)

SOCIETY NEWS EDITOR: Kevin Johnson
(kjohnson@geochemsoc.org)

Mineralogical Society of America
3635 Concorde Pkwy Ste 500
Chantilly, VA 20151-1110, USA
Tel: +1 (703) 652-9950
Fax: +1 (703) 652-9951
www.minsocam.org

SOCIETY NEWS EDITOR: Katerina Dontsova
(dontsova@email.arizona.edu)

interests of exploration geochemists, facilitate the acquisition and distribution of
scientific knowledge, promote the exchange
of information, and encourage research and
development. AAG membership includes
the AAG journal, Geochemistry: Exploration,
Environment, Analysis; the AAG newsletter,
EXPLORE; and Elements.

The Geochemical Society
(GS) is an international
organization founded in
1955 for students and
scientists involved in the
practice, study, and teaching
of geochemistry. Our
programs include cohosting the annual
Goldschmidt ConferenceTM, editorial oversight of Geochimica et Cosmochimica Acta
(GCA), supporting geochemical symposia
through our Meeting Assistance Program,
and supporting student development
through our Student Travel Grant Program.
GS annually recognizes excellence in
geochemistry through its medals, lectures,
and awards. Members receive a subscription
to Elements, special member rates for GCA
and G-cubed, and publication and conference discounts.

SOCIETY NEWS EDITOR: Michael Wiedenbeck
(michawi@gfz-potsdam.de)
International Association of Geoanalysts
Ms. Jennifer Cook, Hon. Sec.
British Geological Survey
Keyworth, Nottingham, NG12 5GC, UK
jmc@bgs.ac.uk
http://geoanalyst.org

The Société Française
de Minéralogie et de
Cristallographie, the
French Mineralogy and
Crystallography Society,
was founded on March 21,
1878. The purpose of the
society is to promote mineralogy and crystallography. Membership benefits include
the European Journal of Mineralogy, Elements,
and reduced registration fees for SFMC
meetings.

The Polskie
Towarzystwo Mineralogiczne (Mineralogical
Society of Poland), founded
in 1969, draws together
professionals and amateurs
interested in mineralogy,
crystallography, petrology, geochemistry,
and economic geology. The society promotes
links between mineralogical science and
education and technology through annual
conferences, field trips, invited lectures, and
publishing. Membership benefits include
subscriptions to Mineralogia and Elements.

SOCIETY NEWS EDITOR: Monique Seyler
(Monique.seyler@univ.lille1.fr)
SFMC
Case postale 115, 4 place Jussieu
75252 Paris cedex 05
sfmc@ccr.jussieu.fr
www.sfmc-fr.org
The Association of
Applied Geochemists is
an international organization founded in 1970 that
specializes in the field of
applied geochemistry. It
aims to advance the science
of geochemistry as it relates to exploration
and the environment, further the common

E LEMENTS

SOCIETY NEWS EDITOR: Zbigniew Sawłowicz
(zbigniew.sawlowicz@uj.edu.pl)
Mineralogical Society of Poland
Al. Mickiewicza 30,
30-059 Kraków, Poland
Tel./fax: +48 12 6334330
ptmin@ptmin.pl www.ptmin.pl
The Sociedad Española
de Mineralogía (Spanish
Mineralogical Society) was
founded in 1975 to promote
research in mineralogy,
petrology, and geochemistry. The society organizes
annual conferences and furthers the training
of young researchers via seminars and
special publications. The SEM Bulletin
published scientific papers from 1978 to
2003, the year the Society joined the European Journal of Mineralogy and launched
Macla, a new journal containing scientific
news, abstracts, and reviews. Membership
benefits include receiving the European
Journal of Mineralogy, Macla, and Elements.
SOCIETY NEWS EDITOR: Isabel Abad Martinez
(miabad@ujaen.es)
Sociedad Española de Mineralogía
npvsem@lg.ehu.es www.ehu.es/sem
The Swiss Society
of Mineralogy and
Petrology was founded in
1924 by professionals from
academia and industry and
amateurs to promote
knowledge in the fields of
mineralogy, petrology, and geochemistry
and to disseminate it to the scientific and
public communities. The society coorganizes
the annual Swiss Geoscience Meeting and
publishes the Swiss Journal of Geosciences
jointly with the national geological and
paleontological societies.
SOCIETY NEWS EDITOR: Torsetn Vennemann
(torsten.vennemann@unil.ch)
Swiss Society of Mineralogy and Petrology
Université de Fribourg / Sciences de la Terre
Chemin du Musée 6, Pérolles
CH-1700 Fribourg, Switzerland
Tel.: +41 26 300 89 36
Fax: +41 26 300 97 65
http://ssmp.scnatweb.ch
The Meteoritical Society
is an international organization founded in 1933 for
scientists, collectors, and
educators to advance the
study of meteorites and
other extraterrestrial materials and their parent asteroids, comets, and
planets. Members receive our journal, Meteoritics & Planetary Science, reduced rates for
Geochimica et Cosmochimica Acta, which we
cosponsor, the Meteoritical Bulletin, and
Elements. We organize annual meetings,
workshops, and field trips, and support
young planetary scientists worldwide.
Through our medals and awards, we recognize
excellence in meteoritics and allied fields.
SOCIETY NEWS EDITOR: Cari Corrigan
(corriganc@si.edu)
MEMBERSHIP INFORMATION:
http://meteoriticalsociety.org
The Japan Association
of Mineralogical
Sciences (JAMS) was
established in 2007 by
merging the Mineralogical
Society of Japan, founded
in 1955, and the Japanese
Association of Mineralogists, Petrologists,
and Economic Geologists, established in
1928. JAMS covers the wide field of mineral
sciences, geochemistry, and petrology.
Membership benefits include receiving the
Journal of Mineralogical and Petrological
Sciences (JMPS), the Ganseki-KoubutsuKagaku (GKK), and Elements.
SOCIETY NEWS EDITOR: Satoshi Utsunomiya
(utsunomiya.satoshi.998@m.kyushu-u.ac.jp)
Japan Association of Mineralogical
Sciences
c/o Graduate School of Science, Tohoku
University
Aoba, Sendai, 980-8578, Japan
Tel./fax: 81-22-224-3852
KYL04223@nifty.ne.jp
http://jams.la.coocan.jp

Affi liated Societies
The International Mineralogical Association,
the European Mineralogical Union, and the
International Association for the Study of Clays are
affi liated societies of Elements. The affi liated status
is reserved for those organizations that serve as an “umbrella” for other groups in the
fields of mineralogy, geochemistry, and petrology, but that do not themselves have
a membership base.

2

F EBRUARY 2016

EDITORIAL
THE PYRAMIDS OF GIZA AND ARCHIMEDES’ PALIMPSEST:
WHAT WOULD INDIANA JONES THINK OF MODERN APPROACHES
TO ARCHAEOLOGY?
PRINCIPAL EDITORS
PATRICIA M. DOVE, Virginia Tech, USA
(dove@vt.edu)
GORDON E. BROWN JR., Stanford University,
USA (gordon.brown@stanford.edu)
BERNARD J. WOOD, University of Oxford, UK
(Bernie.Wood@earth.ox.ac.uk)
FRIEDHELM VON BLANCKENBURG, GFZ
Potsdam, Germany (fvb@gfx-potsdam.de)
ADVISORY BOARD
JOHN BRODHOLT, University College London, UK
NORBERT CLAUER, CNRS/UdS, Université de
Strasbourg, France
WILL P. GATES, SmecTech Research Consulting,
Australia
GEORGE E. HARLOW, American Museum
of Natural History, USA
JANUSZ JANECZEK, University of Silesia, Poland
HANS KEPPLER, Bayerisches Geoinstitut,
Germany
DAVID R. LENTZ, University of New Brunswick,
Canada
ANHUAI LU, Peking University, China
ROBERT W. LUTH, University of Alberta, Canada
DAVID W. MOGK, Montana State University, USA
TAKASHI MURAKAMI, University of Tokyo, Japan
TERRY PLANK, Lamont-Doherty Earth
Observatory, USA
XAVIER QUEROL, Spanish Research Council, Spain
MAURO ROSI, University of Pisa, Italy
BARBARA SHERWOOD LOLLAR, University of
Toronto, Canada
TORSTEN VENNEMANN, Université de
Lausanne, Switzerland
OLIVIER VIDAL, Université J. Fourier, France
MEENAKSHI WADHWA, Arizona State
University, USA
JON WOODHEAD, University of Melbourne,
Australia
EXECUTIVE COMMITTEE
COSTANZA BONADIMAN, Società Italiana
di Mineralogia e Petrologia
THOMAS D. BULLEN, International Association
of GeoChemistry
CATHERINE CORRIGAN, Meteoritical Society
KATERINA M. DONTSOVA, The Clay Minerals
Society
BARBARA L. DUTROW, Mineralogical
Society of America
ANTON EISENHAUER, Geochemical Society
DANIEL J. FROST, European Association
of Geochemistry, Chair
BERNARD GROBÉTY, Swiss Society of
Mineralogy and Petrology
MARK E. HODSON, Mineralogical Society
of Great Britain and Ireland
HEATHER JAMIESON, Mineralogical Society
of Canada
GUY LIBOUREL, Société Française
de Minéralogie et de Cristallographie
KLAUS MEZGER, Deutsche Mineralogische
Gesellschaft
MAREK MICHALIK, Mineralogical Society
of Poland
JUAN J. MILLAN, Sociedad Española
di Mineralogía
YASUHITO OSANAI, Japan Association
of Mineralogical Sciences
CLIFFORD R. STANLEY, Association
of Applied Geochemists
MICHAEL WIEDENBECK, International
Association of Geoanalysts

EXECUTIVE EDITOR
JODI J. ROSSO (jrosso.elements@gmail.com)
EDITORIAL OFFICE

2710 Crimson Way, TWST 263
Richland, WA 99354-1671, USA
Tel/Fax: (509) 420-5331 (UTC-8)
Layout: POULIOT GUAY GRAPHISTES
Copy editor: PATRICK ROYCROFT
Proofreader: PATRICK ROYCROFT
Printer: ALLEN PRESS
The publishers assume no responsibility for
any statement of fact or opinion expressed
in the published material. The appearance of
advertising in this magazine does not constitute
endorsement or approval of the quality or value
of the products or of claims made for them.

www.elementsmagazine.org

E LEMENTS

1811-5209/16/0012-$0.00 DOI: 10.2113/gselements.12.1.3

This ongoing controversy about how the pyramids of Giza were built illustrates the important
role of modern analytical methods in cultural
heritage, which is the subject of this special issue
of Elements.

My fi rst exposure to cultural heritage occurred in
1974 when I was asked by a
group of physicists from the
Stanford Research Institute
Another example of the use of modern analytical
(now SRI International methods in archaeology involves Archimedes of
based in California, USA)
Syracuse (Sicily, now Italy but formerly a part of
to serve as a mineralogical
Greece), the famous Greek mathematician and
consultant for their project
scientist who lived from ~287 BC to ~212 BC.
Gordon E. Brown Jr.
on the pyramids of Giza His well-known contributions to mathematics
(Egypt). Their objective was to perform radio and science are wide-ranging, particularly his
frequency (rf) sounder experiments in search of
discovery—according to legend while taking
archaeologically significant hidden chambers. I a bath—of how to measure the volume (and
carried out powder X-ray diffraction and optical
density) of an irregularly shaped object by the
emission spectrographic analyses of limestone amount of water it displaces. In 1906, Danish
chips from the Giza pyramids. The high water
scholar Johan Heiberg discovered a battered
content of the analyzed limestones, the high rela- manuscript at the Church of the Holy Sepulchre
tive humidity (80%) inside the pyramids, and
in Constantinople (Turkey) written on recycled
the hydrous clay minerals found in the lime- parchment and containing strange Greek writstone helped explain the high attenuation of
ings, mysterious drawings, and mathematical
the rf signal, which prevented any new chambers symbols, most of which were covered by more
from being located (Dolphin et al. 1975). About
10 years later a major controversy erupted when Frenchman
Joseph Davidovits suggested
that the blocks comprising the
Giza pyramids were cast in place
using limestone aggregate and a
wet alkali aluminosilicate binder
(i.e. geopolymeric limestone concrete blocks) rather than having
been quarried (Davidovits 1987;
Davidovits and Morris 1988).
This opinion was challenged a
few years later by Robert Folk,
the well-known sedimentary
petrologist at the University of
Texas Austin (USA), who conducted field and laboratory
studies of the Giza pyramids
FIGURE 1 (LEFT) A leaf from the Archimedes Palimpsest covered by a forged
and of the limestone from the
painting from the twentieth century as viewed in normal light.
local Tura quarries, which are (R IGHT) Image of the same page (reversed) and illuminated using synchrotron
thought to be the source of the X-rays to stimulate X-ray fluorescence from the iron in the ink, which now
limestone blocks for the Khufu shows the vertical Greek text written by the monk Myronas in 1229.
PHOTO CREDIT UWE BERGMANN
pyramid (the Great Pyramid) at
Giza (Campbell and Folk 1991).
More recently, material scientists from Drexel modern paintings. He recognized that the faint
University (Philadelphia, USA) carried out micro- material was from Archimedes, including the only
structural analyses of nine samples of the stones surviving copy of On Floating Bodies in the origcomprising the Giza pyramids using scanning inal Greek. However, Archimedes ideas had been
and transmission electron microscopies (SEM recorded by the monk Johannes Myronas in 1229
and TEM), coupled with energy dispersive X-ray
rather than by Archimedes himself. Let’s fast foranalyses (EDXA) (Barsoum et al. 2006). Barsoum
ward to 2003 when my SLAC National Accelerator
and colleagues concluded that while most of the
Laboratory colleague Dr. Uwe Bergmann decided
blocks, especially those in the core, were indeed
to try to decode Archimedes writings in the
quarried and carved, some blocks at or near the
famous palimpsest using the X-ray fluorescence
surface (casing stones) appear to have been cast in signal from the iron-based pigment employed by
place using a primitive limestone-based cement.
Myronas to record seven of Archimedes’ treatises.
However, in reviewing this more recent study, I
As shown in FIGURE 1, using extremely intense
am not convinced that the mineralogical work is
synchrotron light, Uwe was successful in “seeing”
defi nitive, due to the authors’ reliance on SEM–
through the overlying paint on ancient parchEDXA for identifying phases and their lack of any ment and uncovering the hidden writings in what
X-ray or electron diffraction data on the sam- is now termed the Archimedes’ Palimpsest. Uwe’s
ples, which would have provided more defi nitive
results on the identity of the crystalline phases.
Cont’d on page 4
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Friedhelm also coordinates two large international research networks:
the European training network “Isonose” (Isotopic tools as novel sensors of Earth surface resources) and the German-Chilean program
“Earthshape” (Earth surface shaping by biota).

THIS ISSUE
Cultural heritage often brings to mind valuable artifacts, artwork, ancient manuscripts,
and historic monuments and buildings.
But, cultural heritage involves more than
just the material objects: it also consists
of the more tangible elements such as the
values, oral history, traditional craftsmanship, and the knowledge and skills that are
transmitted across generations. Cultural heritage provides a window through which we can
learn about our past and which ultimately prepares us for the future.
As George Santayana wrote more than a century ago, “Those who
cannot remember the past are condemned to repeat it.” (The Life of
Reason, 1905)

Friedhelm is well known for his work in the use of cosmogenic nuclides,
particularly 10Be, to quantify Earth surface processes, such as the rates of
erosion and uplift, glaciation, and sediment recycling. His steady stream
of seminal publications in this area have had a significant impact on our
thinking about the rates of these surface processes. His recent development work of the 10Be(meteoric)/ 9Be tracer in ocean sediments has led
to entirely unexpected insights on the tectonic and climatic stability
of the Earth’s surface during the Quaternary. In addition to his work
on cosmogenic isotopes, Friedhelm is also well known for his work on
stable iron isotopes in a variety of applications, including iron isotope
fractionation at planetary scales, in higher plants, in human blood,
during hydrothermal ore deposition and alteration, during diagenesis
and metamorphism of banded iron formations, between dissolved and
suspended particles in sea water, and in microbial carbonates.

There is all too often a race to study and/or preserve this heritage as
these treasures can be so easily lost to urbanization, wanton destruction
during confl icts, natural disasters, or even climate change. A recent
article by Eli Kintisch in Hakia Magazine (26 January 2016; http://www.
hakaimagazine.com/article-long/history-melting) provides a timely
illustration of what we face. With the onset of global warming, Arctic
coastlines are rapidly being eroded due to loss of ice. In one such area,
the cultural heritage of the Iñupiat, a semi-nomadic people who have
lived in Alaska for at least 4,000 years, is being lost to this erosion.
The race is on as our climate continues to warm whilst saving these
historical remains would require “months of encampment, dedicated
freezers, and soil engineers.”

Another important area to which Friedhelm has made major contributions is the development of new stable isotope methods and experimental protocols, including an assessment of the accuracy of stable
iron-isotope ratio measurements on samples with organic and inorganic
matrices, and the use of UV-femtosecond laser ablation in multiple
collector ICP-MS measurements. And, early in his career, he developed the “slab breakoff” model for syn-collisional magmatism. His
research accomplishments have been recognized by his election to the
German Academy of Sciences Leopoldina and the Berlin-Brandenburg
Academy of Sciences and Humanities, and his receipt of the Ralph Alger
Bagnold Medal from the European Geosciences Union. He currently
serves on the Editorial Board of Chemical Geology and the American
Journal of Science.

As the articles in this issue of Elements attest, geoscientists are wellpositioned to aid in the study, interpretation, and preservation of cultural heritage. So, join the race!

Friedhelm is no stranger to Elements. He was the German Mineralogical
Society (DMG) representative to the Elements Executive Committee
(2007–2015) and was a guest editor for our October 2014 issue on
“Cosmogenic Nuclides” issue (October 2014, v10n5). His past experience with Elements will be put to good use as a principal editor. He is
already hard at work on our June 2016 issue (“Cosmic Dust”).

INTRODUCING FRIEDHELM VON BLANCKENBURG:
PRINCIPAL EDITOR 2016–2018
After some arm-twisting and promises of free champagne at future principal editors’ annual meetings, we
are happy to report that Friedhelm von Blanckenburg
has joined the Elements team as a principal editor.
Friedhelm is currently professor and head of the
Geochemistry of the Earth Surface Section at the GFZ
German Research Centre for Geosciences at Helmholtz
Centre Potsdam (Germany), and he is also professor
of geochemistry at Freie Universität Berlin (Germany).

The editorial team of Elements is delighted that Friedhelm has accepted
our invitation to become a principal editor and we look forward to
working with him.
Patricia Dove, Gordon Brown, Bernie Wood,
Friedhelm von Blanckenburg, and Jodi Rosso

EDITORIAL Cont’d from page 3
conclusion in his 2007 Physics World article is particularly appropriate
for this issue of Elements: “In a fascinating cycle spanning more than
two millennia, it is fitting that one of the most advanced tools of
modern physics – the particle accelerator – should make such a big
contribution to our understanding of this genius from ancient Greece
who had so significant an impact on modern science.”

geosciences but now applied to characterizing, interpreting, and conserving cultural heritage. Hopefully, this issue will stimulate a greater
involvement of geoscientists in future studies of our cultural heritage.
Gordon E. Brown, Jr.
Principal Editor
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The six articles in this issue of Elements show the power of modern
analytical and geophysical methods that are commonly used in the
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PEOPLE IN THE NEWS

THE ROYAL SOCIETY OF CANADA NAMES NEW FELLOWS

Roger François (Department of Earth, Ocean
and Atmospheric Sciences, The University of
British Columbia, Canada) and Philippe
Van Cappellen (Department of Earth
and Environmental Sciences, University of
Waterloo, Ontario, Canada) were inducted

as Fellows of the Royal Society of Canada at
the society’s Induction and Awards Ceremony
on 28 November 2015 in Victoria, British
Columbia. We reproduce the citations below.
The Royal Society of Canada (RSC) is the
senior national body grouping distinguished
Canadian scholars, artists and scientists. It
consists of nearly 2000 fellows—men and
women who are selected by their peers for
outstanding contributions in the natural and
social sciences, arts, and humanities. The
RSC’s primary objective is to promote learning
and research in the arts and sciences.

biology. In addition to fundamental contributions concerning surface precipitation theory
for the formation of minerals, he is widely
acknowledged as a pioneer in the development
and application of reactive transport modeling
to complex aqueous geochemical systems”.

“Roger François’s pioneering research on particle and sediment fluxes in the ocean using
stable and radioactive nuclides has provided
fresh insights into algal production and
nutrient recycling as well as the rates of the
ocean’s overturning circulation in the past,
opening new windows on the evolution of
Earth’s global carbon system”.

LEFT TO RIGHT: Maryse Lassonde, president, Royal
Society of Canada (RSC); Roger François; and Jamal
Deen, president, Academy of Science of the RSC.
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“Philippe Van Cappellen’s research is focused
on the biogeochemistry of soils, sediments and
aquatic ecosystems, the cycles of water, carbon
nutrients and metal, global change and geo-
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LEFT TO RIGHT: Maryse Lassonde, president, Royal
Society of Canada (RSC); Philippe Van Cappellen; and
Jamal Deen, president, Academy of Science of the RSC.
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CULTURAL HERITAGE – BEAUTIFUL QUESTIONS
Russell R. Chianelli1
1811-5209/16/0012-$0.00

DOI: 10.2113/gselements.12.1.5

Nobel Prize–winner Frank Wilczek’s new book A Beautiful Question
(2015) is a contemplation on the natural beauty of the universe and
how scientists and philosophers, as far back as the ancient Greeks of
Pythagoras and Plato, have asked questions about the underlying symmetry that exists in nature. Wilczek calls discovering underlying symmetries “fi nding Nature’s deep design,” and he develops the theme to
include very modern questions of science.
A classic example of this deep design can be seen in the five Platonic
Solids, which Wilczek terms “objects to conjure with” (FIG. 1). How did
Plato, after whom these solids are named, and the other Greek thinkers,
discover them, just from thinking? These shapes are, after all, the only
five ways to put together identical regular polygons in three dimensions! The implications of this discovery have permeated science and
philosophy ever since, and the “beautiful question” is why is this so?

Tetrahedron
(four faces)

Cube
(six faces)

Octahedron
(eight faces)

Dodecahedron
(twelve faces)

The Sacrament of the Last Supper by Salvador Dali (1955) illustrates the
intersection between art and science. The “sacrament unfolds within a
dodecahedron” notes Wilczek (2015). IMAGE CREDIT: NATIONAL MUSEUM OF A RT,
WASHINGTON D.C. © SALVADOR DALÍ, FUNDACIÓ GALA-SALVADOR DALÍ, A RTISTS RIGHTS SOCIETY
(ARS), NEW YORK 2016

FIGURE 3

An even more modern connection between science and art has been
made by Uwe Bergmann, a physicist at the SLAC National Accelerator
Laboratory (Stanford, California, USA). Archimedes (˜287–212 BC) was
a Greek mathematician and philosopher who is thought to have used
the word “Eureka” when making a profound discovery. Copies of at
least seven of Archimedes’ treatises—Equilibrium of Planes, Spiral Lines,
The Measurement of the Circle, Sphere and Cylinder, On Floating Bodies,
The Method of Mechanical Theorems, and Stomachion—can be found in
a medieval Byzantine Prayer Book known today as the “Archimedes
Palimpsest”. In order to create this prayer book, the medieval scribe had
used parchment from which earlier writings (such as the Archimedes
treatises) had been scraped “clean” and then painted over for another
use. This recycled parchment contains remnants of this earlier text. Dr.
Bergmann, using synchrotron radiation, was able to read the writing
under the paint overcoat, allowing us to see, for the fi rst time in some
instances, this lost codex of Archimedes (FIG. 4; Davidson 2005). Dr.
Bergmann’s novel use of synchrotron X-rays continues: he is currently
working to resurrect a 200-year-old aria by Italian composer Luigi
Cherubini (Sumner 2013). Bergmann’s discoveries show how progress
in understanding our cultural heritage is flourishing.

Icosahedron
(twenty faces)

The five Platonic Solids. These solids are named after Plato, the famous
Greek philosopher and mathematician. For each solid, all faces are of
identical shape and have the same number of faces meeting at each vertex. Only
five solids meet these criteria. IMAGE CREDIT: WIKIMEDIA COMMONS

FIGURE 1

A more recent example is chemistry Nobel Prize–winner Linus Pauling’s
thinking about the structure of DNA. Pauling proposed that DNA had
a triple helix structure (Scitable 2014; see coil model shown in FIG. 2).
Pauling’s conjecture led to James Watson and Francis Crick’s discovery
of DNA’s true double helix structure using modern X-ray diffraction
techniques. But it was Pauling’s beautiful question that, to a significant
degree, led to the truth being found.
Linus
Pauling
(ca. 1967) speaking
in a lecture hall with
his proposed triple
helix model of DNA.
PHOTO CREDIT: FROM
THE L INUS PAULING
COLLECTION, SPECIAL
COLLECTIONS &
A RCHIVES RESEARCH
CENTER, OREGON STATE
UNIVERSITY

FIGURE 2

This leads on to cultural heritage. I use the term “cultural heritage”
to include the efforts of scientists to understand the universe and to
discover new applications and uses of materials. Within this scope is
the connection between science and art because it is art that helps
describe the beauty in (and of) nature. An example of this connection
is shown in FIGURE 3, which is The Sacrament of the Last Supper painted
by Salvador Dali in 1955. Wilczek (2015) states that “the sacrament
unfolds within a dodecahedron”.

(LEFT) A page from the Archimedes Palimpsest that was painted over
with a religious image. (R IGHT) Synchrotron X-ray fluorescence
imaging of the lower left corner of this palimpsest page reveals an earlier copy of
the original Archimedes text. FROM WOODS (2005).

FIGURE 4

1 Department of Chemistry, University of Texas at El Paso
El Paso, Texas
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New Textbook Publications
in the Geosciences
Image of a creosote bush
(Gobenadora, Larrea
tridentata). Native Americans in the
southwestern US believe that this plant
could be used to treat many medical
conditions. IMAGE CREDIT: STAN SHEBS

FIGURE 5

SECOND EDITION

There are many interesting examples of ancient discoveries in materials,
art, and medicines. For example, for hundreds of years, people in what
is now the desert southwest border region of the United States and
Mexico have been using the creosote bush (Spanish: Gobenadora; Larrea
tridentata; FIG. 5) for medicinal purposes. Colleagues and I questioned
the inhabitants in this region about the uses of creosote bush, asking
them, “What did your grandmother tell you regarding Gobenadora”.
Over 20 people indicated they were told how this plant was often made
into a tea that was used for many applications, including kidney stone
prevention and prevention of cancers (Chianelli 2012, pers. comm.).
At the time, there was little scientific evidence in the literature that
this cure actually worked. However, subsequent research did indeed
demonstrate that creosote tea could suppress the growth of calcium
oxalate kidney stones (Pinales et al. 2011).

STRUCTURAL

GEOLOGY
HAAKON FOSSEN

ISBN: 9781107057647
HANS-RUDOLF WENK
ANDREY BULAKH

One fi nal example is an artifact that prompted a beautiful question and
a practical answer. The ancient Japanese Samurai sword is known as the
katana. Although they are now valuable relics in many museums and
collections, for over 1,500 years the katana dominated Japanese history
and cultural heritage, the Samurai using it to defend their nation in
civil wars and invasions. But … how did the Japanese learn to make
this formidable weapon, which was not only incredibly sharp and but
was also flexible? Recent studies are examining this question and are
yielding new insights about the swordsmiths and how they made these
swords (Matsumoto et al. 2010). The whole story is beautifully presented
in a YouTube presentation (Raimundo 2012).

THEIR CONSTITUTION AND ORIGIN
SECOND EDITION

STEPHEN E. KESLER and ADAM C. SIMON

SECOND EDITION

ISBN: 9781316371589

All of the examples above reflect the exciting information contained
in the study of cultural heritage and of how scientists thought in the
past and will continue to address the Beautiful Question in the future.
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Gilberto Artioli is a professor of mineralogy and
crystallography at the University of Padova (Italy).
He received his Laurea Degree from the University
of Modena (Italy) and his PhD from the University
of Chicago (USA). Artioli’s interests focus on mineralogy and industrial materials, with scientific
expertise in the use of combined techniques,
including those based at large-scale facilities, to
investigate complex materials. He is the Director of the Centro
Interdipartimentale di Ricerca per lo Studio dei Materiali Cementizi e
dei Leganti Idraulici (known as CIRCe, or the centre for the investigation of cements) in Padova and is Chair of the International Union of
Crystallography’s Commission on Crystallography in Art and Cultural
Heritage.

50 articles dealing with properties of ancient materials studied by
advanced spectroscopy and imaging methods. Dr. Bertrand’s interests
include the long-term aging and exceptional preservation behavior of
biological remains and materials from archaeological settings, and also
the manufacturing techniques and provenance of the raw materials
used in making cultural artefacts. Bertrand is a board member of the
Fondation des Sciences du Patrimoine and of the Academic Council of
the Université Cergy-Pontoise.
Federico Carò received his PhD in Earth science
from the University of Pavia (Italy), where he characterized natural and artificial building materials
for conservation purposes. Currently, he is associate
research scientist at the Department of Scientific
Research of the Metropolitan Museum of Art (New
York, USA), where he investigates, in close collaboration with conservators and curators, the inorganic
materials used in artistic productions and the techniques to fashion
them. He is now mainly interested in provenance studies, researching
the petrographic and geochemical characterization of stone materials.
Since 2007, he has been involved in the study of Southeast Asian sculptural and architectural materials.

Constantin D. Athanassas (PhD) is a geologist
based at the National Technical University of
Athens (NTUA) (Greece) who explores the application of cosmic and nuclear radiation to geophysics
and geochronology. He also works on numerical
and stochastic models of geodynamic systems. Dr.
Athanassas has carried out research in many institutions: optically stimulated luminescence dosimetry
at the University of Wales in Aberystwyth (UK) and at the Department
of Materials Science at the National Centre of Scientific Research
“Demokritos” (Greece); cosmic-ray exposure dating involving cosmogenic nuclides at the Centre Européen de Recherche et d’Enseignement
des Géosciences de l’Environnement at CNRS Aix-Marseille University
(France); and geoinformatics at NTUA.

Ekhine Garcia has a physics degree, specializing
in geophysics, from the Complutense University of
Madrid (Spain) and a masters in Physical Methods
Applied to Cultural Heritage from the University
of Bordeaux I (France). She worked for several years
as an assistant manager for SOT Archaeological
Prospection (a Spanish-based company that applies
geophysics to cultural heritage problems). She is
currently doing a PhD in archaeological geophysics at the University
of the Basque Country (EHU/UPV) and in collaboration with the
Aranzadi Society of Sciences in San Sabastian (Spain). Her PhD is centered on the characterization of geophysical methodologies in ancient
archaeological sites of the Basque Country.

Elena Basso is currently an Andrew W. Mellon
Research Fellow at the Metropolitan Museum of Art
in New York City (USA). She received her MS in
geological sciences and her PhD in Earth science
from the University of Pavia (Italy), where she spent
the fi rst 10 years of her career. Her initial research
focused on the archaeometric study of archaeological and historic materials (ceramics, glass, mortars, stuccoes). She is currently working on the material characterization
of Islamic pottery from the early/middle Islamic period (from around
the 12th century) and is trying to reconstruct the technology of their
production and their provenance.

Pierre Gueriau is a postdoctoral researcher using
the DIFFABS (diffraction and absorption) beamline
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AUTOMATED SAMPLE PURIFICATION FOR
HIGH PRECISION ISOTOPE ANALYSIS
SUHSFAST-MC™
The prepFAST-MC™ is a fully automated, low pressure chromatography system that isolates elements of
interest from the sample matrix and collects multiple discrete eluent fractions for precise isotopic analysis.
The syringe-driven system allows sample loading, multiple acid washes, column conditioning and elution
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• High throughput (30-50 samples/day)
• Standalone system runs 24 hrs unattended
• Chemistries available: B, Ca, Fe, Cu, Zn, Sr, Pb, Th, U
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