Foreword

Over the last century, Earth sciences have evolved from disciplines mostly based
on naked eye observations of rocks and sediments to a scientific field employing
the most sophisticated tools developed in analytical physics and chemistry. The in-
troduction of quantitative instrumentation has thus played a major role in enabling
advances in our knowledge of Earth history and processes. Because geological ar-
chives are so unique and complex, the geoanalytical refinements have often been
pushed to their ultimate limits of resolution, precision and detection limits in order
to extract crucial information from objects found in nature.

High-resolution core scanners incorporating X-ray fluorescence (XRF) spec-
trometry are arguably one of the most useful tools that have become available to
the research community. Their impact is based on their ability to rapidly, non-de-
structively and automatically scan sediment cores. Not only do they rapidly provide
important proxy data without damaging samples, but they can obtain environmental
data at decadal, annual and even sub-annual scales. Micro-XRF core scanners can
indeed be used at the limit of the inherent heterogeneity of sediments linked to the
presence of grains of different nature, chemical composition and mineralogy. In ad-
dition to producing geochemical profiles along the core length, these scanners also
allow study of spatial heterogeneities within the sediment through optical images,
X-radiography or micro-XRF 2D images of elemental composition.

In a little over a decade, micro-XRF core scanners have made a substantive con-
tribution to paleoenvironmental research as evidenced by the exponential rise in
the peer-reviewed scientific literature. For the field of paleoclimatology, the use of
sediment cores from lakes and oceans had always been limited by the resolution of
discrete sampling, but the introduction of XRF-scanners truly revolutionized the
field allowing the study of similar details in sediments as in polar ice cores from
Greenland and Antarctica. The versatility of XRF-scanners allows their application
to other types of paleoclimate archives from diverse locations such as massive cor-
als from tropical reefs, speleothems from caves and subfossil woods.

The key initial strength of XRF core scanners was their ability to scan a meter
of sediment core at high resolution in about 24 hours. Ongoing instrumental devel-
opments are already leading to further enhancements in sensitivity and speed and
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throughput. High-resolution XRF core scanners produce a high data output, with
potentially several thousand spectra acquired per meter of core.

The increasing speed of analyses has allowed researchers to dare tackling proj-
ects based on large amounts of cored material, the XRF-scanner being often the first
analytical tool used after opening and splitting the cores. The resulting elemental
profiles, derived from the non-destructive analysis of cores and often involving
several thousand XRF spectra, are thus used for reconnaissance studies and ba-
sic stratigraphic correlations. XRF core scanners can also be used for insightful
geochemical studies, provided that proper calibration is performed by means of
discrete geochemical measurements with accurate techniques such as conventional
XRF or ICP. Whereas with these conventional techniques, data are acquired from
dry homogenized fine-grained samples, wet natural sediment cores measured with
scanners present very different sample conditions. Grain-size and water content
variations, core surface imperfections, presence of organic matter and water pooling
on the sample surface will all impact on data quality. Hence interpretation of core
scanner data is not trivial and guidance is often needed to discriminate environmen-
tally meaningful information from data artifacts.

As outlined above, the use of XRF core scanners is characterized by an inherent
simplicity in acquiring useful elemental profiles, but making the best out of these
sophisticated tools also requires experience and a deep knowledge in geochemistry
and physical properties of sediments. XRF-scanner facilities are now used in about
one hundred institutions spread throughout Europe, North America and Asia. This
gave rise to a specific community of users with diverse technical expertise and sci-
entific expectations.

As an illustration, I will say a few words about the specific example of the XRF-
scanner installed in 2008 at CEREGE in Aix-en-Provence. We became interested in
such analyses in the mid-2000s because of our tradition of working on deep-sea sed-
iments, notably the basic quantification of major phases such as carbonates, detrital
minerals and organic matter, but also several detailed studies of trace elements scav-
enged in the water column or trapped in the sediments because of specific redox
conditions. These variables were quantified with various techniques of organic and
inorganic geochemistry on discrete samples. Since then, micro-XRF scanner pro-
files have allowed us to better understand the relationships between these various
profiles and integrate them into a coherent and high-resolution framework. This
truly brought a new dimension to our research in paleoceanography.

The other main consequence of our XRF-scanner acquisition was that it fostered
collaboration with specialists of other sedimentary archives, notably those taken
from modern and ancient lakes. Our experience is obviously not unique and it can
be stated with confidence that the rise of XRF core scanning contributed to bridging
the gaps between scientific communities, which were working in parallel.

Scientists of this new community often have similar needs and expectations.
By considering ratios of XRF profiles it has been possible to develop proxies for
particle sizes, mineralogical composition and organic matter content of sediments.
Hopefully, more direct evaluation of these parameters may come from future in-



Foreword ix

novations in analytical core scanning based on other electromagnetic emissions and
detecting systems.

This volume edited by lan Croudace and Guy Rothwell, two pioneers and promi-
nent contributors in the field, presents a broad ranging view of instrument capability
and points to future developments that will combine higher precision elemental data
coupled with faster core analysis. It also presents specific application papers report-
ing on the use of XRF core scanners in a variety of marine, lacustrine and pollution
studies, together with papers examining practical aspects of core scanner usage and
data calibration and interpretation. It is a welcome addition to the literature and the
first volume of its kind to focus specifically on this important technology. Given
the importance of XRF core scanning in modern paleoenvironmental research, this
is a timely publication which environmental investigators will find useful. It con-
tains essential reading for both experienced and new researchers using XRF core
scanners.
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