
Discussion

A multivariate principle component analysis has been carried out
for the results of SR-XRF scanning. The main three components explain
more than 60% of total variability: PCA1 - 41,8%, PCA1 - 10,1%, PCA -
7,2%. The results imply a rather strong signal described by PCA1
component.

The terrigenous elements – namely Ti, Fe, Mn, Zn – cluster
together along the axis of PCA1 with correlation coefficients r=+0,8 +0,9
and above. At the same time, Br and Co/Inc ratio both reveal a sound
negative correlation with all the mentioned elements with r values
ranging from -0,6 to -0,8.

The PCA analysis implies a consistent common signal in the
geochemical sedimentary data associated with variations of organic
matter in the sediment.

Results of PCA analysis of the sedimentary geochemical data

Variability explained:
Component 1: 41,7%
Component 2: 10,1%
Component 3: 7,2%

The terrigenous elements relate to the catchment area parent rock,
while Br is often interpreted as a biophile element (Solomina et al.,
2014) and Co/Inc ratio is commonly used as an indicator for variations in
loss-on-ignition (LOI) and total organic carbon (TOC) (Croudace et al.,
2006).

The intercomparison of the annually averaged geochemical
sedimentary data with other local archives reveals a strong antipodal
reaction of terrigenous elements and Br and Co/Inc ratio to the local
meteorological data.

Br and Co/Inc values correlate with the annual temperature at the
neighboring meteorological station of Terskol (r=+4,0 +4,1). That
seems reasonable, considering that in case of elevated lakes like
Donguz-Orun increased temperatures can lead to increased
bioproductivity in the lake.

Terrigenous elements reveal a significant relation with annual
precipitation at the meteorological station of Teberda (r=+3,7 +5,6).
That can be explained by the glacier-fed lake`s ability to register
variations in the surface runoff from the catchment area.

Noteworthy is the comparison with dendrochronological data.
Out of all the tree-ring series the highest correlation with the
sedimentary data (positive for Br and Co/Inc and negative for terrigenous
elements – up to r=-0,64) is found with the tree-ring site situated close
to the Lake Donguz-Orun (less than 3 km). Sedimentary properties of
the lake and local tree rings supposedly register a common climatic
signal.

Certain accordance, though less prominent, was discovered
between the apparent varve thickness, elemental data and values of
ablation at Djankuat Glacier.

The bottom sediment of the Lake Donguz-Orun can thereby be
considered a favorable source of paleoclimatic information for further
reconstructions.

Annual precipitation (meteorological station of Teberda) and 
values of terrigenous elements

Reversed values of Zn and tree-ring width indices (site D09S)

SR-XRF analysis

A technique of x-ray fluorescence analysis on the beams of
synchrotron radiation was developed at the Siberian Center for
Synchrotron Radiation (INP SB RAS, Novosibirsk) (Darin et al., 2013). A
novel method allowed to measure concentrations of more than 20
elements with detection limits of ~1–5 ppm in cores of bottom
sediments at a spatial resolution of 100 μm.

Scanning of the sediment core of the Lake Donguz-Orun was
conducted at INP SB RAS at a 200 μm resolution in the upper part of the
core, corresponding to the 0 to 160 mm depth interval. Apart from that,
concentrating x-ray optics at 30 μm resolution was employed for thin
sections of the uppermost 50 mm of the core. That ultra-high resolution
facilitated understanding of an annual cycle of sedimentation in the
lake.

In order to verify the SR-XRF
results a geochemical elemental
analysis using XRF ITRAX core
scanner (Croudace et al.) was
performed on discrete samples of
the same core at the University of
Bergen, Norway. That enabled the
first ever comparison of the results
of the two methods.

Comparison of the SR-XRF 
(Novosibirsk) and ITRAX XRF (Bergen, 
Norway) results for Rb/Sr ratio 

Introduction

Lake sediments can be used as a reliable source of multiproxy
paleoclimatic data. Paleolimnological method has been successfully
used for reconstructing past climate and environmental changes in
various mountain areas of the world. Varved sediments represent a
special value since they provide a basis for well-dated chronologies. Yet
Caucasus region still lacks continuous reconstructions spanning more
than few centuries as well as the robust annually resolved paleoclimatic
data.

Here we present our pioneering study of the bottom sediment of
the proglacial Lake Donguz-Orun situated at around 2500 m a.s.l. in the
Elbrus Region, Northern Caucasus, Russia.

Bottom sediments of the Lake Donguz-Orun first retrieved in 2012
by the research team of the Institute of Geography RAS revealed
regular laminae typical for proglacial varved lakes. Yet visual counting of
layers was restricted due to a partial indistinctness of the lamination in
the sediment core. In order to distinguish the annual layers and procced
with annually resolved data we used special geochemical markers.

Sedimentary data compared with local annually
resolved archives

Having established a varve chronology for the years 1922-2010, it is
then possible to correlate the sedimentary elemental data with other
local archives in order to trace a climatic signal in the sediment.

Below is the full dataset used for intercorrelation:

• Annually averaged values of the principle terrigenous elements, Br,
Co/Inc ratio (also maximal annual values for Br andTi)

• Annually averaged values of PCA1, PCA2 and PCA3

• Alleged annual layer thickness (counted on the basis of Rb/Sr peaks)

• Tree-ring-width and blue intensity-based dendrochronological indices
for Central and Western Caucasus

• Meteorological data – annual average temperature, summer average
temperature, annual precipitation, summer precipitation – stations
Terskol,Teberda, Klukhor

• Observed accumulation, ablation and glacier mass-balance – glacier
Djankuat
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Distinguishing annual layers and creating the 
chronology

Geochemical markers – namely Rb/Sr and Zr/Rb ratios were used as
proxies for the variations of the grain size throughout the sediment
core. That approach is based on a different environmental mobility of
the two elements: the smaller is the grain size, the larger is the total
particle surface area and thus the more intensive is the wash-out of Sr
that has a higher mobility than Rb. That way events of active snowmelt
– flash floods will correspond to the minima in the Rb/Sr ratio, while the
thinnest-grained sediment will have the highest Rb/Sr values (Darin et
al., 2015).

A Zr/Rb ratio was previously used as a proxy for changes in grain
size for alpine sedimentary sequences, with lower values representing
fine-grained material and higher values representing coarse-grained
material (Kylander et al., 2011).

Profiles of Rb/Sr and Zr/Rb ratios used as markers of annual layers

The calculation of Rb/Sr minima within the scanning distance of 160
mm yields the result of 86 years (88 years according to Zr/Rb maxima).

In this study, we used Rb/Sr ratio as a
primary method for distinguishing the
annual layers and the Zr/Rb as a
secondary control method. The use of
a secondary calculation method helps
to eliminate additional smaller peaks
apparently occurring as a result of
certain flash flood events within a year.

Rb/Sr profile for the upper 20 mm 
obtained using concentrating x-ray 
optics at 30 μm resolution 

attributed to the years 1986 and 1963 (two widespread events of the
isotope fallout). Both peaks fit well within the established chronology,
thereby constraining it.

137Cs dating results

Independent dating using
isotopes 210Pb and 137Cs is a control
method for young sedimentary
sequences. The 137Cs curve for the
sediment of the Lake Donguz-Orun
has two prominent peaks that can
be consistently

Results of the SR-XRF scanning analysis, normalized values


