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Scanning SR-XRF beamline for analysis of bottom sediments
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Abstract

The XRF beamline at the VEPP-3 (Budker INP, Novosibirsk, Russia) storage ring was modified for the performance

of scanning analysis. A description and parameters of this facility are presented in the current paper. The initial results
of testing of scanning analysis of bottom sediments from Lake Baikal are also presented. A spatial resolution of the
scanning analysis is 0.1–1mm which corresponds to 2–50 years of resolution. Such a scanning analysis of lake sediments
provides high quality data as a requirement for paleoclimate reconstructions. r 2001 Elsevier Science B.V. All rights

reserved.
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1. Introduction

Lately, the SR-XRF analysis has been used
intensively for studies of bottom sediments of
continental lakes with the aim of reconstructing
the global climate changes during the last million
years [1–5]. Such changes can be revealed via
decoding the time series of contents of some trace
elements in sediment cores. It has been recently
discovered that the climate of Holocene and the
last interglacial period was not changing smoothly.
High-resolution records of isotopes d18O [6,7] and

d13C [8] with sampling of 5–150 years in cores of
Greenland ice and oceanic sediments manifested
many rapid climatic shifts with the duration of ca.
1–5 ky. A spatial resolution up to 0.1mm is needed
to observe such a phenomenon in the sediments of
Lake Baikal. So, it is necessary to replace the
traditional methods of discrete analysis of sedi-
ments with the continuous scanning analysis of
sediment cores. The XRF beamline of Siberian
Synchrotron Radiation Center (SSRC) has been
equipped with a special scanner to perform such a
scanning procedure.

The goals of this paper are to describe the
scanning XRF beamline parameters and a test
experiment of the scanning analysis of sediment
cores from Lake Baikal.
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2. Methods and samples

The scanning analysis was performed at the
XRF beamline of the VEPP-3 storage ring
(Budker Institute of Nuclear Physics, Novosibirsk,
Russia). The energy of an electron beam at VEPP-
3 is 2GeV; the magnetic field at the point of
irradiation is 2T.

The samples were prepared from sediments
taken from a gravity core. They were 200�
30� 5mm slabs of sediments cut out along the
axis of the core to save the natural structure
of layers; the slabs were dried in vacuum,
embedded into epoxy resin, and polished on both
sides. The reference samples were prepared in
a similar way. In principle, such a difficult
procedure for a sample preparation can be
simplified significantly with the new method
being developed now.

The beam line was equipped with a special
scanner. The scanner permits the pulling of a
sample with a length of up to 400mm across a
monochromatic SR beam and a reception of XRF
spectra. The minimal spatial step of scanning is
equal to 0.1mm.

Special software completely controls the spectra
acquisition during the scanning of a sample.
Besides that, the software tests the presence of
the SR beam from the storage ring and performs

repeats of the spectra acquisition if the electron
beam changes in the storage ring.

The samples were irradiated with a monochro-
matized and polarized SR beam. Two energies of
incident photons were used. The 22–26 keV band
was used for the determination of elements from K
up to Mo. The 45 keV band was used to determine
the light lanthanides, Sb, Sn, I, and Ba. The
concentrations of the following elements: K, Ca,
Ti, V, Cr, Mn, Fe, Cu, Zn, Mo, Pb, Rb, Ba, Sr, La,
Ce, Y, Nd, Sn, Sb, Br, I, As, Se, Nb and a few
more were measured.

We studied the sediments of the core of Station
2GC (531 3300400N, 10715405300E) taken from a
gravity core in 1998 on top of the underwater
Akademichesky Ridge of Lake Baikal. The station
is described in Ref. [9].

Fig. 1. The results of testing the scanner mechanical accuracy.

The absolute displacement was measured by the displacement

sensor (Burleigh Instruments, Inc) with a 0.1 mm resolution.

Fig. 2. The results of scanning reproducibility tests. The main

profiles for Fe (a) and Mn (b) with a 1mm step were checked by

rescanning the outlet contain intervals (see insertions) with a

0.1mm step.
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3. Results and discussion

The mechanical accuracy of the scanner was
checked with the special absolute displacement
sensor (Burleigh Instruments, Inc.) with a 0.1 mm
resolution. Fig. 1 shows how the displacement
performed by the scanner deviates from the real
one registered by the sensor. It is evident that the
deviation does not exceed 100 mm over the 200mm
length of the scanning interval. Such a precision is
quite enough for the paleoenvironmental investi-
gations.

To check the analysis reproducibility a rescan-
ning of the same sample was performed. The
results of scanning the two short intervals of the
sample are presented in Fig. 2. The common
feature of these intervals is the existence of narrow
singular outliers in the depth profiles. The rescan-
ning of these regions of the sample confirms a
natural (not statistical) origin of these outliers as
well as shows good reproducibility of the experi-
mental data. Fig. 3 shows the 650mm long profile
of Zn concentration during Karga interval (22–
58 ky BP) [10]. In spite of the high noise caused by
the non-homogeneity of the samples, the signal has
clear trends, which can be subjected to a numeric
processing (e.g. filtration). Similar profiles were
obtained for all elements investigated.

Profiles of some elements display high varia-
bility of their contents, sometimes by an order of
the magnitude. Nevertheless, there is a clear

correlation within the groups of some indicator
elements: La–Ce–Ba–Nd, Cu–Zn–Sr, Y–Zr, etc.
Concentrations of these elements also have strong
correlations with other paleoclimate parameters
[10], so these data can be used as paleoclimate
indicators. The correlation between the ‘‘raw’’
contents of some elements is shown in Fig. 4. One
can see from this figure that the element trends are
not random, so a correct statistical processing of

Fig. 3. An example of a raw experimental profile and median filtering of the experimental data (thick line).

Fig. 4. An example of a good correlation between depth

profiles of different elements.

K.V. Zolotarev et al. / Nuclear Instruments and Methods in Physics Research A 470 (2001) 376–379378



these data can improve significantly the observed
links.

The same scanning system can be applied also
for scanning the wood samples (tree rings). The
first scanning of such specimens will be performed
in the nearest future.
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