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If you have been reading CosmoELEMENTS over the last few years, 

you will have realized that much of our understanding of Solar System 

history, including its earliest events, is derived from the study of meteor-

ites. Scientifi cally, they are exceptionally valuable samples and, as such, 

it is sometimes hard to take a step back and realize that some meteorites 

have a cultural and historical value that is even greater. Back before 

the cosmic origins of meteorites were accepted, it is understandable 

that any material that fell from the heavens was the subject of some 

debate; historically, meteoritic material was often viewed as especially 

rare and valuable, as a gift from the Gods, or even cursed.

Some examples that illustrate the prized nature of this material have 
been found in Egypt. A meteoritic pesesh-kef amulet was discovered in 
the tomb of one of the wives of King Mentuhotep II (Winlock 1921) 
and meteoritic beads have been found in the Gerzeh cemetery in Egypt 
(Johnson et al. 2013). Both of these items were buried with their owners, 
illustrating their precious nature. Meteoritic iron beads have also been 
found in the 2000-year-old Native American Hopewell Indian Mounds 
that now form part of the Hopewell Culture National Historical Park 
(Chillicothe, Ohio) (Prufer 1961; McCoy et al. 2008). The material 
from these beads derives from a meteorite fall in Minnesota, so it is 
likely that the material was traded through various native tribes before 
ending up in central Illinois (McCoy et al. 2008). This again suggests 
that such material was seen to have value and signifi cance.

THE CAMEL CHARM
In 1974, along with several other Egyptian meteorites, the Smithsonian 
Institution acquired a charm (Smithsonian Institution Archives, 
Accession #327000) believed to be made from meteoritic iron (FIG. 1). 
Dr. Al-Far, the Director of the Egyptian Geological Museum at the 
time, described it thus:

“A camel’s charm bought from the Egyptian nomad beduin ‘Abdullah 
Qarabawi’ of the Ababda tribe, Eastern desert of Egypt. He reported 
that his Grandfather procured ‘a fallen star’ (meteorite) somewhere in 
the Eastern desert and a local blacksmith made this and other charms 
and daggers out of it. … Charms of different kinds were hung to them 
[camels] to keep them healthy and helpful and to keep away the ‘bad 
eyes’ from them. This meteorite charm was highly estimated by him, 
Abdullah Qarabawi.”

This was clearly an unusual purchase for the US National Meteorite 
Collection and, as a result, ten years later it was analyzed to prove its 
authenticity. Recently, interest in the charm was renewed and it was 
decided to investigate both the scientifi c and the anthropological–
ethnographical history of the object.

METEORITIC ORIGINS
In order to confi rm earlier analyses, the charm was analyzed using the 
scanning electron microscope (SEM) at the Smithsonian. It was found 
to consist of predominantly iron, with a Ni content of 6–7%, which 
agreed with the composition measured twenty years earlier (FIG. 2). The 
next question that arose was whether the Camel Charm was made from 
a new meteorite to science or a meteorite already classifi ed and present 
in scientifi c collections. In order to be assigned an offi cial name, each 

FIGURE 1 (A) The front and back of Qarabawi’s Camel Charm. (B) Rubbings of 
the front and back of the charm, with Arabic inscription highlighted.

FIGURE 2 Recent analysis of the Camel Charm used a scanning electron 
 microscope (SEM) in the Department of Mineral Sciences at the 

Smithsonian Institution’s National Museum of Natural History (Washington, DC). 
This photograph was taken before that analysis was conducted and shows how 
the complete charm was loaded into the equipment.
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meteorite must be submitted to the Nomenclature Committee of the 
Meteoritical Society. Meteorite nomenclature strives to give a unique 
name to every meteorite derived from an individual meteor fall (with 
a few exceptions). This means there may be only one meteorite with 
a given name, or there may be hundreds: it depends on whether the 
meteor stayed intact. It is possible, therefore, that the Camel Charm is 
related to an existing meteorite (would have the same name) or it could 
also be a new meteorite (so given a new name); however, establishing 
which of these alternatives is correct required detailed analysis.

The analyses to establish this as a new meteorite fi nd, or match it with 
an existing fi nd, required a small chip of material to be removed from 
the charm. When an object has cultural or historical value, it is impor-
tant to preserve as much of it as possible: this means having to minimize 
scientifi c analysis because many analytical techniques are destructive. 
Clearly, the charm itself cannot be damaged; however, it was discovered 
that the chain on the charm is also made of meteoritic material with 
the same Ni content. A small slice was taken from one of the links in 
the chain and analyzed using an electron microprobe (FIG. 3). The 
Camel Charm was found to have a major-element composition almost 
identical to that of the meteorite Wabar, which is a meteorite from 
Saudi Arabia (Scott et al. 1973). This strongly suggests that Qarabawi’s 
Charm is a piece of the Wabar meteorite, although further analyses to 
confi rm this are ongoing. 

CHARMS AND AMULETS
Qarabawi’s Camel Charm contains an inscription on both sides written 
in Arabic that reads “Allahu Akbar,” or “God is Greatest” (FIG. 1). This 
fi ts with its suggested usage as a charm or amulet to ward away the 
Evil Eye from the camel who wore it. Belief in the Evil Eye has always 
been prevalent in the life of the Bedouin, such as the Ababda tribe, 
from whom the Camel Charm was acquired. Recent anthropological 
studies on the Bedouin tribes in the Negev region of the Middle East 
suggest that these beliefs continue to the modern day, despite rapid 
urbanization and availability of modern medicine (Abu-Rabia 2005). 

The practice of placing charms or amulets on livestock, such as camels, 
goes back centuries. These were often brightly colored beads, hung 
around the neck or between the ears of the animal; the Evil Eye would 
be distracted by the bead and diverted from the valuable animal (Budge 
1961; Abu-Rabia 2005). The Ababda people exemplify this belief. This 
tribe live predominantly in the Red Sea Mountains of eastern Egypt, 
between the Nile River and the Red Sea itself (Murray 1953; Starkey 
2000, 2001; Bos-Seldenthuis 2007). They are believed to be indigenous 
to Africa, unlike many of the other bedouin tribes who have migrated 
from other regions (Bos-Seldenthuis 2007). Traditionally, the Ababda 
worked as guides, helping caravans make the journey from the Nile 
to the banks of the Red Sea in safety (Murray 1953; Starkey 2000, 
2001). Camels were, therefore, very important animals to the Ababda, 
providing not only transportation but also a means of carrying their 
belongings and goods for trade over long distances. As a result, they 
would be viewed as valuable assets to protect from the Evil Eye. The 
Bible even references such amulets around the necks of camels in the 
Old Testament (Judges 8:21).

Clearly, meteorites are important for the knowledge they bring us about 
our Solar System and its formation. However, it is also important to 
remember that they can also be relics with great historical and anthro-
pological value. 
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FIGURE 3 Elemental SEM X-ray maps of the Camel Charm thick-section. 
(A) Ni and (B) Fe. The metal alloys taenite (high-Ni) and kamacite 

(low-Ni) can be clearly distinguished in these maps: taenite is the brighter blue 
areas in the Ni map, and the fainter green areas in the Fe map. The taenite 
lamellae are small in volume compared to kamacite, which makes up most of the 
thick section. The distortion seen in the taenite lamellae is a direct result of the 
blacksmith working this object. 
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Understanding the fi ne-scale surface structure of a material can be key 
for many applications in the Earth sciences. For example, character-
izing grain abrasion in a clastic sediment or describing the morphology 
of surfaces produced during a hydrothermal reaction experiment. 
A common approach to such imaging tasks is the acquisition of 
secondary electron or backscattered electron images using a scanning 
electron microscope (SEM). Such images provide excellent lateral 
resolution. Furthermore, by applying a variety of strategies—such as 
segmented electron detectors and software-based reconstructions using 
sample tilt, or using stereographic image pairs—it is possible to use 2-D 
SEM images to construct accurate 3-D models of a material’s surface 
and so obtain surface structure information at the nanometer scale. 
In situations requiring even fi ner-scale information, it is possible to 
turn to the atomic force microscope (AFM), which also has the advan-
tage of providing information about the mechanical properties at the 
nanometer scale. But what solutions are available when SEM and AFM 
are not suitable (e.g. the sample is not vacuum compatible, or when it 
consists of unconsolidated grains), or when large regions with milli-
meter or centimeter dimensions need to be investigated?

Being responsible for a secondary ion mass spectrometer (SIMS) facility 
in Potsdam (Germany), I often need to assess what is happening in the 
Z (height) dimension of a sample. One common need is to determine 
whether the polish on a sample mount is of acceptable quality in order 
to obtain a meaningful isotopic measurement. Our SIMS instrument is 
capable of producing isotope ratio data with an analytical repeatability 
of better than 99.99%, but such data are reliant upon a high-quality 
surface fi nish: even 10 µm of sample relief can affect the data. Such 
relief can easily result when a hard silicate has been polished in a 
relatively soft epoxy mount. In such situations, surface roughness and 
step-heights need to be monitored at the µm-scale on sample surfaces 
that can reach centimeter dimensions. A second need is to determine 
the morphology of the craters formed during the SIMS ion sputtering 
process. This information is required not only for calculating the 
volume of sample that has been consumed during a single measure-
ment process but also to reveal when an analysis may be unreliable 
due to an usual crater morphology, as might arise when sputtering a 
µm-size inclusion or there being a small scratch at the analysis location. 
To address these problems and situations, we have two tools in our 
laboratory: an optical microscope with a fully motorized sample stage, 
and a white light interferometer.

MOTORIZED OPTICAL MICROSCOPE: NIKON ECLIPSE
Our sample preparation room contains what looks like a standard 
optical microscope that is capable of providing both transmitted and 
refl ected light observations (FIG. 1); the system includes 1×, 2.5×, 10×, 
20×, and 50× objectives. The only obvious difference between our 
Nikon Eclipse and a “typical” petrographic microscope is that the 
sample stage is not round and it cannot be rotated. Less obvious is 
that the X, Y, and Z axes of the microscope are fully motorized. This is 
the fundamental strength of our Nikon system. By scanning the stage 
in both X and Y directions and using the lowest magnifi cation objec-
tive in refl ected-light mode, it is possible to record the entire surface 
of a 25 mm diameter circular mount in only 12 images. Nikon image-
stitching software can then generate a high-quality mosaic, corrected 
for variations in illumination intensity and stage shift, where a single 
pixel is equivalent to ~4 µm. This acquisition and stitching process 
takes only a few minutes; importantly, such images can then be directly 
loaded into the SIMS pointlogging software.

The Nikon Eclipse’s motorized sample stage, with its submicron preci-
sion stepping drive, allows one to map in all three dimensions. By 
acquiring a stack of images and by applying the system’s optional 
extended depth-of-focus software tool, resolution-limited images can 
be obtained despite possible large topographic features (FIG. 2), the 

FIGURE 2 (A) Refl ected light image of a feature on a RAM memory card made 
without the extended depth of-focus function. This was acquired 

using the 2.5× objective, yielding a fi eld-of-view of around 5.6 mm. (B) The same 
feature as in (A) but here imaged using extended-depth-of-focus software. This 
image was computed from 106 individual images acquired with a 10 µm stepping 
distance in the Z direction. Producing this image took ~9 minutes. (C) A 3-D 
topographic model of the RAM memory card shown in (A) and (B). This visualiza-
tion provides valuable topographic information, but in featureless areas, such as 
the holes through the middle of the copper connector pads, the software is 
unable to correctly contour the surface.

FIGURE 1 Nikon Eclipse motorized microscope at the Potsdam SIMS facility. 
The aluminum jig on the sample stage (here containing a SIMS 

sample holder with a zircon mount in it) was made in-house and is used for 
positioning the sample holders. With a positioning reproducibility of ~50 µm, it is 
designed for advanced selection of target points, avoiding SIMS analytical time 
lost on target selection.
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software identifying which image provides the best sharpness for each 
of the 5 million pixels acquired by the CCD camera. The Z resolu-
tion of the resulting model is dependent on the depth of focus of 
the individual objective. Hence, it would make little sense to use the 
1× objective (which has the broadest depth of focus) in conjunction 
with a one micron Z-direction stepping distance. On the other hand, 
by using the 50× objective, which has the sharpest depth of focus, it 
is possible to identify micron-scale step heights on samples that have 
sharp features for the software to render. With our system, it is possible 
to combine the X–Y mosaics with the Z-direction scanning to get precise 
depth information over large areas. However, there are practical limita-
tions in terms of how long such data acquisition takes and the ability 
of the controlling computer to handle the resulting gigabytes of data. 
One limitation of the 3-D modeling system is that both the 1× and 50× 
objectives have quite short working distances, meaning that samples 
with topographic features much in excess of 2 mm cannot be addressed 
… the sample would simply collide with the objective!

WHITE LIGHT PROFILOMETER: 
ZYGO NEWVIEW 7100
For topographic information at the submicron level, we turn to our 
NewView 7100 white light profi lometer (FIG. 3A). This tool works on 
the principle of optical interferometry, whereby interference patterns 
are formed between light refl ected from a sample’s surface and light 
refl ected from a very fl at reference mirror. The optical axis of the instru-
ment must be perpendicular to the sample’s surface at all times. To 
achieve this, our system includes a sample stage that is motorized not 
only in the X and Y directions but also in pitch and roll. Automated 
routines are available for optimizing sample tilt, focus, and light bright-
ness. An actual measurement involves raising the microscope head in 
a very precise manner because increasing the distance between the 
sample and the objective changes the interference pattern, which in 
turn is recorded by a CCD camera with an acquisition rate of 72 Hz. 
The distance of travel in the Z direction depends on the topography 
of the material being analyzed: for many of our applications we use 
a travel of only 20 µm, which requires around 20 seconds for data 
acquisition and display.

The fi elds-of-view widths of the NewView 7100 system’s Mirau objec-
tives are 1,000 µm for the 10× objective and 200 µm for 50× objective 
(FIG. 3B). Instrument-specifi c hardware and software applied to the 
many CCD images recorded during a single measurement scan allow 
researchers to reconstruct the light intensity versus Z-position for each 
pixel within the fi eld-of-view. From these patterns, it is possible to 
mathematically fi t the Z-position of the sample surface for each pixel 
with an uncertainty of better than 1 nm. An example of an interference 
pattern is shown in FIGURE 4A, and the resulting topographic model 
calculated from a large stack of such images is shown in FIGURE 4B. 
Our NewView software offers a wide variety of functions, including 
length, step-height, distance, and sample roughness determinations. 
One further function of particular value when characterizing SIMS 
sputter craters is volume determination relative to a user-defi ned refer-
ence plane: based on our experience this function is reliable to around 
±10% for small SIMS craters. A software function making use of the 
X–Y motorized sample stage allows image stitching when large areas 
need to be evaluated. However, it is impractical to make scan images 
much larger than 5 mm, even with the 10× objective. The only real 
shortcoming that I have experienced with the system is the diffi culty 
of recovering suffi cient data from steeply inclined surfaces, such as 
the walls of SIMS craters. For these somewhat extreme examples, it is 
necessary to interpolate the Z-portion between nearby pixels.

I hope this brief foray into realm of optical profi lometry might generate 
new ideas for novel applications. The technologies are very powerful 
and offer a good alternative to reserving analytical time at your nearby, 
albeit friendly, SEM facility.

FIGURE 3 (A) The NewView 7100 optical profi lometer. The stage is computer 
controlled for X, Y, pitch, and roll. (B) Schematic diagram of a Mirau 

objective showing the path of the measurement and the reference optical beams. 
The reference mirror must be atomically fl at, hence such objectives are rather 
expensive. IMAGE COURTESY OF ZYGO CORPORATION

FIGURE 4 (A) White light interference pattern obtained from a zircon sample 
containing four SIMS sputter craters; data recorded using a 

10× Mirau objective. (B) Topographic model calculated from a large stack of such 
images. The “cliff” in the lower left has a height of 2.5 µm between the zircon 
standing above and the surrounding epoxy. (C) Detailed image of the right crater 
on the front zircon grain acquired with the 50× Mirau objective. The crater is 
35 µm × 25 µm and has a volume of ~496 µm3, equivalent to a sampling mass 
of 2.3 ng (assuming the density for zircon is 4.7 g/cm3).
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AND TECHNOLOGYCENTERS SPONSORED BY NSF1

Michael Hochella, Jr.2, David Mogk3, and Katharine Maher4

 1811-5209/16/0012-$0.00 DOI: 10.2113/gselements.12.1.77

INTRODUCTION
Nanoscience, and the technology that stems 
from it (that is, nanoscience and technology), 
constitutes one of the great revolutions that 
originated in the twentieth century. Formally 
recognized in the late 1950s, it has grown to a 
present-day economy of nano-enabled products 
worth roughly US$1 trillion annually, which is 
expected to become US$3 trillion in 2020. The 
worldwide workforce in this economic sector is 
counted in the millions. Global government-
derived research and development funding is 
roughly US$10 billion annually, with publi-
cations in the neighborhood of 100,000 per 
year. In the fi elds of geo- and environmental 
nanosciences and technologies, the number 
of publications per year has increased by over 
two orders of magnitude in the last 25 years, 
making it one of the fastest-growing fi elds 
in all of nanoscale science and engineering. 
Development in this fi eld is crucial because it 
is central to some of the most vital issues of 
the twenty-fi rst century, including safe water, 
mineral and energy resource development, 
local/regional/global contaminant issues 
(including disease transmission), and global 
climate change.

THE BIRTH OF EARTH AND 
ENVIRONMENTAL NANOSCIENCE 
AND TECHNOLOGY CENTERS
In September 2015, the US National Science 
Foundation (NSF) committed US$81 million 
to support sixteen National Nanotechnology 
Coordinated Infrastructure (NNCI) sites 
located throughout the US for the purpose of 
advancing nanoscale science and technology 
research. This NNCI network grew out of the 
NSF National Nanotechnology Infrastructure 
Network (NNIN) that ran from 2004 thru 
2015. The new NNCI network marks the fi rst 
time that Earth and environmental nanosci-
ence and technology have been explicitly 
supported. In fact, three of the sixteen NNCI 

sites (Virginia Tech, Montana State University, 
and Stanford University) have geoscience 
concentrations and are supported by the 
Division of Earth Sciences’ Instrumentation 
and Facilities Program (EAR/IF) and the 
Directorate for Engineering at NSF.

The three Earth and environmental NNCI 
sites are the Virginia Tech National Center 
for Earth and Environmental Nanotechnology 
Infrastructure (www.nce2ni.ictas.vt.edu), the 
Montana Nanotechnology Infrastructure 
at Montana State University (website under 
construction), and nano@Stanford (http://
nanolabs.stanford.edu). These three NNCI are 
designed to provide cutting-edge laboratories 
and instrumentation to facilitate external 
scientifi c and engineering users in academia, 
government, and industry. The wide range 
of state-of-the-art facilities, instrumentation, 
and expertise in geo- and environmental 
science and engineering-related nanoscience 
and technology are available at a low cost to 
outside users.

THE PRINCIPAL FUNCTION OF 
AND NEED FOR THESE CENTERS: 
DRIVING THE EARTH SCIENCES 
FORWARD
The vision for these NSF-stimulated user centers 
is to further accelerate the growth of nanosci-
ence-related fi elds that are revolutionizing our 
understanding of the Earth. Unfortunately, 
in most academic Earth and environmental 
science departments, nanoscience and 
technology still play a relatively minor role, 
or no role at all. This is most apparent at the 
undergraduate level, but is also clearly seen at 
graduate levels and beyond. Nevertheless, the 
interest is broad and growing, as evidenced by 
the thousands of publications currently added 
to the scientifi c literature each year in these 
areas of research.

Applications of Earth and environmental 
nanoscience range from fundamental to 
applied. Many applications have been slanted 
towards some of the most important geological 
and environmental issues of the day that relate 
to energy, water, climate change, pollution, and 
even earthquake mechanisms. A few examples 
of some of the current interests are the study of 
complex naturally-occurring nanomaterials at 
molecular and atomic scales, the global budget 
of inorganic nanoparticles and their overall 

1 A shorter version of this article, written by the 
same authors, was published in EAR to the Ground, 
a quarterly newsletter prepared and distributed by 
the Earth Sciences (EAR) Division of the Directorate 
for Geoscience of the National Science Foundation, 
USA

2 Department of Geosciences, Virginia Tech
Blacksburg, VA 24060, USA
E-mail: hochella@vt.edu

3 Department of Earth Sciences, Montana State 
University
Bozeman, MT 59717, USA
E-mail: mogk@montana.edu

4 Department of Geological Sciences, Stanford 
University
Stanford, CA 94305, USA
E-mail: kmaher@stanford.edu

Earth system nanoscience and technology is highly relevant to all areas of Earth, ocean, and atmospheric sciences. 
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role in Earth processes, nano-biogeochemistry 
processes within the critical zone, and the 
evolution and productivity of nanomaterials 
in soils and the oceans. Further, these fi elds 
include scientists and engineers who explore 
the complex interactions between manufac-
tured nanomaterials and the natural environ-
ment in terms of water, air, and soil impact, 
as well as issues like waterborne contaminant 
uptake, greenhouse gas sequestration, and 
the development of nano-enabled sensors 
to revolutionize aquatic and atmospheric 
observations.

WHAT THESE CENTERS OFFER
IN TERMS OF FACILITIES AND 
EXPERTISE
Cumulatively, these NNCI facilities offer 
tens of thousands of square feet of labora-
tory and instrumentation space. They house 
a broad array of state-of-the-art electron- and 
ion-beam characterization tools, benchtop 
analytical tools, and extensive nanoparticle 
synthesis facilities. Most importantly, these 
centers have professors, research scientists, 
and skilled technical staff available to assist 
outside users. These experts are there to advise 
anyone from undergraduates through faculty 
researchers, as well as industrial scientists 
and engineers. Offi ce space for visitors is also 
available. The low-cost users fees are highly 
subsidized by the individual universities and 
their research investments. Potential users are 
encouraged to check with the individual sites 
for specifi c infrastructure and capabilities by 
visiting the websites or using the contact infor-
mation noted below.

BROADER IMPACT
The potential for discovery and innovation 
within the Earth sciences using nanoscience 
and technology is enormous. These centers 
are available to assist users, from the novice 
to the most experienced, in these pursuits. 
Users working at the local, regional, and global 
scales—including land, atmospheric, water, 
and biological components of any subfi eld 
within the Earth and environmental sciences 
and engineering —are welcome to get involved. 
Users will enhance their ability to apply 
nanoscience and nanotechnology to help solve 
challenges in far-reaching and critical issues 
in all of the Earth sciences, including climate 
change, critical zone research, chemical 
oceanography, hydrology, ore deposits, 
paleoecology, paleontology, fault mechanics, 
fundamental aspects of mineralogy, geochem-
istry, petrology, geophysics research, medical 
mineralogy and geochemistry, and more. 
Nanoscience and technology goes far beyond 
analyzing targets at the nanoscale. It is also 
important to understand how chemical and 
physical behaviors change from the bulk to 

the nanoscale. Understanding these differ-
ences can be used to understand (in terms of 
the science) and to innovate (in terms of the 
technology) processes that can be applied to 
any aspect of the Earth and environmental 
sciences.

Indeed, the scientifi c world is now resolved to 
the fact that nanoscience, like math, is relevant 
to all fi elds of science and technology. And it is 
making a tremendous difference in our scien-
tifi c understanding in all fi elds. It is also accel-
erating interdisciplinary and transdisciplinary 
pursuits. Critical issues in science are rarely 
“owned” by a single fi eld anymore, and it is 
nanoscience and technology that often link 
fi elds together in productive ways, adding new 
insights and solutions to important problems. 
As a result, the Earth, atmospheric, and ocean 
sciences are now primed to develop aggres-
sively in these regards.

HOW TO GET INVOLVED
If you want to add nanoscience and technology 
to your study of Earth and/or environmental 
processes, or if you already do so but want 
to do it more broadly, visit the websites 
listed above, and/or send an e-mail directly 
to Michael Hochella (hochella@vt.edu) 
at Virginia Tech; to David Mogk (mogk@
montana.edu) at Montana State University; 
or to Kate Maher (kmaher@stanford.edu) at 
Stanford University. No prior knowledge or 
expertise in nanoscience and technology is 
required! All are welcome.

A group of students are introduced to a high-resolution transmission electron microscope (HRTEM; this one is 
an FEI Titan) at Stanford’s NNCI site, nano@Stanford (nanolabs.stanford.edu). Cutting-edge TEMs are vital for 
characterizing the composition and atomic structure of complex and important Earth nanomaterials.

A portion of the infrastructure at Virginia Tech’s National Center for Earth and Environmental Nanotechnology 
Infrastructure (www.nce2ni.ictas.vt.edu). In this laboratory, users can synthesize nanomaterials that are impor-
tant in Earth processes in order to study them more thoroughly.
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GLOBAL VOLCANIC HAZARDS AND RISK1

Major environmental challenges affecting human communities require 
geoscientists who are not only scientifi cally and technically trained but 
who recognize their broader commitment to society. With 800 million 
people at risk from volcanic activity around the world, and popula-
tions ever increasing, volcanologists are embracing a more integrative 
applied approach, which is necessary to understand 
the human dimensions of volcanic activity. This 
now extends beyond the few volcano observato-
ries and government agencies previously tasked 
with this charge to include the academic commu-
nity. The edited volume Global Volcanic Hazards and 
Risk presents a state-of-the-art assessment of the 
preparedness of the global scientifi c community and 
government agencies to manage large-scale volcanic 
hazards and risks. The book also highlights the broad 
collaboration that exists in the volcanological and 
associated communities, with over 130 scientists 
from 86 institutions in nearly 50 countries world-
wide contributing to this publication. 

The book, conveniently available as open access via 
www.cambridge.org/volcano, consists of twenty-six 
chapters that cover a broad range of topics, including 
assessments of volcanic hazards and risk, case studies 
from several recent eruptions, reviews of the impacts 
of ash fall, the effects of eruptions on health and on 
aviation, assessments of monitoring and forecasting capacity, consid-
eration of developing effective communication approaches, and a 
proposal for a new global volcanic hazard index (VHI). The fi rst four 
chapters are from a report on global volcanic hazards and risk assess-
ment capability for the United Nations Offi ce for Disaster Reduction 
(UNISDR) Global Assessment Report for Risk Reduction 2015 (GAR15 
Report). The rest of the book consists of case studies that illustrate 
the complex nature of volcanic risk assessment and management, due 
largely to the nature, variety, and availability of data that need to be 
analyzed. The quality of the data determines the evaluation of the 
volcanic risk, which is an essential part of risk-based decision-making 
in land-use planning and emergency management. 

The reader will learn that the basis for evaluating volcanic risk is 
obtaining and organizing all pertinent data derived from geology, 
volcanology, geochemistry, petrology and geophysics, as well as from 
vulnerability and socio-economic data relating to what exactly (cities, 
rural communities, wildlife, etc.) might be at risk. It will also be clear 
to the reader that a key to evaluating risk is assessing if a volcanic 
eruption itself is imminent, and this is done through monitoring, which 
is described in several of the case studies. Seismic and geodetic networks 
are core to such monitoring, as is gas sampling and analysis. Modern 
remote sensing technologies and data are now also enhancing our 
abilities to assess unrest at volcanoes. However, all this is compromised 
if these data are in isolation of knowledge of the eruption history, the 
frequency and magnitude of eruptions, and the previous eruption styles 
of a volcano. Consequently, a major effort presented in this book is a 
database used as the basis for a new volcano hazard index (VHI) for 
each volcano for which there is adequate geological data. This impor-
tant new index provides an overview of the range of possible hazards 
for a particular volcano, the likelihood of specifi c hazards occurring 
and the magnitude of such hazards, all based on the previous history 
of the volcano in question. 

Another important initiative introduced in this book is the volcano 
population index (VPI). This provides an assessment of the magnitude 
of human populations living around a volcano and who are at risk from 
volcanic events of varying magnitudes. Signifi cant statistics are that 
800 million people live within 100 km of active volcanoes, 226 live 

million within 30 km, and 29 million live within 
10 km. This highlights once again the importance 
of developing a better understanding of volcanic 
hazards and their impact. 

Unfortunately, the clear message of Global Volcanic 
Hazards and Risk is that adequate information to 
make informed hazard and risk assessment exists 
for only 22% (or 349 out of 1,554) of the Earth’s 
“active” volcanoes – defi ned as those known to have 
erupted during the Holocene (within the last 10,000 
years). The situation is even more alarming when one 
considers that there are many more “dormant” volca-
noes, any of which also have the potential to erupt. 
This situation clearly indicates that much more needs 
to be done by governments world-wide to improve 
both the monitoring efforts on all the known active 
volcanoes, and, as importantly, undertake detailed 
investigations of the geological histories of all known 
active and dormant volcanoes.

As important and comprehensive an assessment as 
this is, inevitably there are omissions. For instance, important issues 
around “big volcanological data” are not mentioned. How and where 
the data should be archived, in which format data should be made 
available, and how to facilitate data use and exchange are the pressing 
concerns. The need for appropriate, uniform data specifi cally adapted 
to evaluating and managing volcanic risk is now an area of vibrant 
effort, as are efforts to assimilate and integrate data in Bayesian and 
other multivariate frameworks. These and other issues with security 
implications, such as transparency and accessibility, need to be consid-
ered. However, rather than being a shortcoming of Global Volcanic 
Hazards and Risk, the fact that we can identify other areas of concern 
should be taken as a testament to the breadth of effort that is now 
being focused on volcanic hazards. It is a monumental task to cover all 
bases. Nonetheless, the insight gained from the assessment published 
here and from the framework it provides will surely be the launching 
pad for these efforts.

Global Volcanic Hazards and Risks is an excellent state-of-the-art 
summary of the knowledge and practice of volcanic risk. It is also a 
call to action: it clearly reminds us that there is still a huge amount of 
work to be done in understanding the hazards and risks of the world’s 
active volcanoes. Major investments are required not only in acquiring 
and deploying more monitoring equipment on more volcanoes but 
also for undertaking geological mapping and fi eldwork to improve our 
understanding of hazards and risks on all active volcanoes. The book 
is very accessibly written and could easily serve as a text for under-
graduate and graduate classes in volcanology and volcanic hazards; the 
latter particularly benefi ting from the compiled databases, the range of 
methods in the case studies and the cited literature.

This book is a key resource for those interested in volcanology and 
natural hazards as well as for the disaster risk reduction community, 
policy makers, and the generally interested reader. 

Shanaka de Silva
Oregon State University

desilvas@geo.oregonstate.edu

1 Loughlin S, Brown S, Jenkins S, Vye-Brown C (eds) (2015) Global Volcanic 
Hazards and Risk. Cambridge University Press, 408 pp, ISBN 9781107111752, 
US$ 120
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CALENDAR

 2016

March 13–17 251st ACS National 
Meeting & Exposition, San Diego, CA, 
USA. Web page: www.acs.org

March 21–23 The North Atlantic 
Craton and surrounding belts: a 
craton-specifi c approach to explora-
tion targeting, Edinburgh, UK. Web 
page: www.bgs.ac.uk/nac2016/home.
html

March 21–25 47th Lunar and 
Planetary Science Conference, The 
Woodlands, TX, USA. Web page: www.
hou.usra.edu/meetings/lpsc2016/

March 28–April 1 2016 MRS Spring 
Meeting & Exhibit, Phoenix, AZ, USA. 
Web page: www.mrs.org/spring2016/

May 16–18 7th Geochemistry 
Symposium with International Partici-
pation, Antalya, Turkey. Web page: 
jeokimya.ankara.edu.tr/en/

May 16–19 EPMA-2016, Madison, WI 
USA. Webpage: www.microbeamanal-
ysis.org/topical-conferences/topical-
conferences/epma-2016-1/epma-2016

May 17–19 8th International 
 Conference on Mineralogy and 
Museums, Changsha, China. Web 
page: www.mm8-2016.cn/en/

May 22–25 10th South American 
Symposium on Isotope Geology 
(SSAGI), Puerto Vallarta, Mexico. Web 
page: www.ssagi10.geofi sica.unam.mx/

May 22–25 Japan Geosciences 
Union (JpGU) 2016 Meeting,  Makuhari 
Messe, Japan. Web page: www.jpgu.
org/meeting_e2016

May 24–26 EBSD-2016, Tuscaloosa, 
AL USA. Webpage: www.microbeam-
analysis.org/topical-conferences/ebsd-
2016/welcome

May 24–26 Pan-American Current 
Research on Fluid Inclusions Confer-
ence (PACROFI XIII), Columbia, MO, 
USA. Web Page: muconf.missouri.edu/
Pacrofi /

May 29–June 24 Vatican Observa-
tory 2016 Summer School in Astro-
physics: Water in the Solar System 
and Beyond, The Vatican. Web page: 
www.vaticanobservatory.va/content/
specolavaticana/en/summer-schools--
voss-/voss2016.html

May 30–June 3 Geomicrobiology 
Workshop: “Building a Habitable 
Earth,” Tuebingen, Germany. Web 
page: www.geo.uni-tuebingen.de/
arbeitsgruppen/angewandte-geow-
issenschaften/forschungsbereich/
geomikrobiologie/workgroup/geomi-
crobiology-workshop-building-a-habit-
able-earth-may-30-june-3-2016.html

June 1–3 Geological Association of 
Canada–Mineralogical Association of 
Canada (GAC–MAC) Meeting, White-
horse, Yukon, CA, USA. Web page: 
whitehorse2016.ca/

June 5–8 53rd Annual Meeting of 
the Clay Minerals Society, Atlanta, GA, 
USA. Web page: conferences.illinois.
edu/CMS2016/index.html

June 6–10 Inter/Micro: 68th Annual 
Applied Microscopy Conference, 
Chicago, IL, USA. E-mail: intermicro@
mcri.org. Web page: www.mcri.org

June 12–17 DUST2016: 2nd Inter-
national Conference on Atmospheric 

Particles, Castellaneta Marina, Italy. 
Web page: www.dust2016.org

June 19–22 AAPG 2016 Annual 
Convention & Exhibition, Alberta, 
Canada. Web page: www.aapg.org/
events/conferences/ace

June 19–24 18th International 
Zeolite Conference (IZC 2016), Rio de 
Janeiro, Brazil. Web page: www.izc18.
com/

June 26–July 1 Goldschmidt 2016, 
Yokohama, Japan. Web page: gold-
schmidt.info/2016/

July 4–8 MECC2016: 8th Mid- 
European Clay Conference, Košice, SK. 
Web page: www.mecc2016.sav.sk/

July 4–8 SEGH2016: 32nd Interna-
tional Conference on Environmental 
Geochemistry and Health, Brussels, 
Belgium. Web page: segh-brussels.
sciencesconf.org

July 11–15 4th International Work-
shop on Highly Siderophile Element 
Geochemistry, Durham, UK. Web 
page: community.dur.ac.uk/hse.ws/

July 15–16 2nd Eugene E. Foord 
Pegmatite Symposium, Golden, CO, 
USA. E-mail: Mark Jacobson, markivan-
jacobson@gmail.com, or Pete Modreski, 
pmodreski@usgs.gov

July 18–22 Second Annual Earth 
Educators’ Rendezvous, Madison, WI, 
USA. Web page: serc.carleton.edu/
earth_rendezvous/2016/index.html

July 22–26 American Crystallo-
graphic Association Annual Meeting, 
Denver, CO, USA. Web page: www.
amercrystalassn.org/content/pages/
main-annual-meetings

July 24–28 Microscopy & Micro-
analysis 2016, Columbus, OH, USA. 
Web page: www.microprobe.org

August 7–12 Annual Meeting of the 
Meteoritical Society, Berlin, Germany. 
Web page: www.meteoriticalsociety.org

August 18–20 Seventh Interna-
tional Dyke Conference (IDC7), 
Beijing, China. Web page: idc7.csp.
escience.cn/dct/page/1

August 21–25 252nd ACS National 
Meeting & Exposition, Philadelphia, 
PA, USA. Web page: www.acs.org

August 21–25 International 
Congress on Ceramics–ICC6, Dresden, 
Germany. Web page: www.icc-6.com/

August 27–September 4 
35th International Geological 
Congress, Capetown, South Africa. 
Web page: www.35igc.org

August 28–September 1 
30th European Crystallography 
Meeting, ECM-30, Basel, Switzerland. 
Web page: ecm30.ecanews.org/
ecm2016/home.html

August 28–September 2 16th Euro-
pean Microscopy Congress – 
EMC2016, Lyon, France. Web page: 
emc2016.fr/en

September 5–9 6th International 
Workshop on Layered Materials, 
Kutná Hora, CZ. Web page: www.
jh-inst.cas.cz/workshop2016

September 9–13 AIPG 2016 
National Conference, Santa Fe, NM 
USA. Web page: aipg.org/events/index.
htm

September 11–15 EMC2016 
– 2nd European Mineralogical 
Conference, Rimini, Italy. Web page: 
emc2016.socminpet.it

September 25–28 Geological 
Society of America Annual Meeting, 
Denver, CO, USA. E-mail: meetings@
geosociety.org; Web page: www.geoso-
ciety.org/meetings/

September 25–28 SEG 2016 
Conference: Tethyan Tectonics and 
Metallogeny. Çeş me, Turkey. Website: 
www.seg2016.org

October 16–21 Water Rock Interac-
tion 15 (WRI-15), Évora, Portugal. Web 
page: www.iagc-society.org/resources/
WRI-15_2016_1st%20Announcement.
pdf

October 23–27 MS&T’16: Materials 
Science & Technology Conference 
and Exhibition, combined with ACerS 
118th Annual Meeting, Salt Lake City, 
UT, USA. Details forthcoming

November 7–15 Short Course 
“Introduction to Secondary Ion Mass 
Spectrometry in the Earth Sciences,” 
Potsdam, Germany. Web page: www.
gfz-potsdam.de/SIMS/short-course/

November 27–December 2 
2016 MRS Fall Meeting & Exhibit, 
Boston, MA, USA. Web page: www.mrs.
org/fall2016/

December 12–16 American 
Geophysical Union Fall Meeting, 
San Francisco, CA, USA. Details forth-
coming

 2017

January 19 200th Anniversary 
Meeting of the Russian Mineralogical 
Society, St. Petersburg, Russia. Details 
forthcoming

January 22–27 41st International 
Conference and Expo on Advanced 
Ceramics and Composites, Daytona 
Beach, FL, USA. Details forthcoming

February 26–March 2 TMS Annual 
Meeting & Exhibition, San Diego, CA, 
USA. Web page: www.tms.org/meet-
ings/annual-17/AM17home.aspx

April 2–5 AAPG 2017 Annual 
Convention, Houston TX. Web page: 
www.aapg.org/events/conferences/ace

April 2–6 253rd ACS National 
Meeting & Exposition, San Francisco, 
CA, USA. Web page: www.acs.org

April 17–21 2017 MRS Spring 
Meeting & Exhibit, Phoenix, AZ USA. 
Web page: www.mrs.org/spring2017/

May 26–30 American Crystallo-
graphic Association Annual Meeting, 
New Orleans, LA, USA. Web page: 
www.amercrystalassn.org/content/
pages/main-annual-meetings

June 2017 AMAM2017–ICAM2017 
Joint Conference: 2nd International 
Conference on Applied Mineralogy 
and Advanced Materials; and 13th 
International Congress for Applied 
Mineralogy, Castellaneta Marina, Italy. 
Web page: www.amam2017.org

July 2017 Annual Meeting of the 
Meteoritical Society, Santa Fe, NM, 
USA. Details forthcoming

July 17–21 XVI ICC International 
Clay Conference, Granada, Spain. Web 
page: www.16icc.org

August 20–24 254th ACS National 
Meeting & Exposition, Washington, 
DC, USA. Web page: www.acs.org

August 21–27 XXIV Congress and 
International Assembly of the Inter-
national Union of Crystallography, 
Hyderabad, India. Web page: www.
iucr2017.org

The meetings convened by the 
societies partici pating in Elements 

are highlighted in yellow. This 
meetings calendar was compiled 

by Andrea Koziol (more meet-
ings are listed on the calendar she 
maintains at homepages.udayton.
edu/~akoziol1/meetings.html). To 

get meeting information listed, 
please contact her at akoziol1@

udayton.edu
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