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Summary

Computed tomography (CT) is a nondestructive high-resolution way to investigate the three-dimensional
structure of samples (ice, rock, etc.). The results of CT analysis of glacial cores consisting of firn and ice
extracted on the Western plateau of the Elbrus Mountain (5100-5150 m a.s.l.) in the summer of 2017 are pre-
sented in the article. The core taken from the depth of 20.31-21.87 m and consisting of three sections (aver-
age length is 52 cm each) was analyzed. In order to maintain the natural negative temperature of the glacial
core, a special cryothermos has been created. It conserved the temperature at the level of 25 °C. Data on the
structural features of the samples and the three-dimensional pattern of the ice-firn density were obtained.
Correlations between the density and some chemical elements had been established. The CT data made it
possible also to determine sizes of ice crystals. Comparison of cross sections of cores with firn and ice thin
sections (30 in total) has shown that the crystal structure is best displayed in the ice inter-layers since it is
impossible to determine reliably sizes of the firn grains at the given survey resolution. Also, the use of the CT
method made it possible to determine inclination of the firn layers within the ice core, which is caused by the
inheritance of the slope of the surface microrelief and internal inhomogeneities of the firn thickness. Calcula-
tions showed that the angle of inclination of the layers varies from 6 to 9°.
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KioueBbie cioBa: 0aHHbIe NJIOMHOCMU 8bICOK020 paspeulenus, Kaskas, KomnelomepHasa momoepad)uﬂ, Kpuomepmoc, JledHuKo8ble KepHbl.

MeToauka KOMMbiOTEPHON TOMOrpadum No3BOAAET NONYyYUTb CHUMKM MOCINONHbIX CPEe30B NIefHUKO-
BOrO KEpHa C MOMOLLbIO PEHTTEHOBCKNX fyyell. B paboTe npefctaBneH aHanm3 KepHOB C 3anafHoro
nnaTo dnbbpyca C NOMOLLbIO KOMMbloTepHOro Tomorpada PKT-180. lna nopgaepaHUsi eCTeCTBEHHbIX
yCnoBui KepHa Obin co3faH crneuunanbHblil KPMOTEPMOC, KOTOPbLIN NpenATCcTByeT TaaHuio obpasua u
N3MeHeHMI0 CTPYKTYpbl dupHa BO Bpems CbEMKU. MiccnefoBaHa BHYTPEHHAA CTPYKTYpa KepHa, ycTa-
HOBJIEHbl Pa3Mepbl KPUCTAINIOB B Pa3HbIX COAX, HaNAEeHbl HEOAHOPOAHOCTM 1 NONyYeHa TPEXMepPHas
KapTUHa NNOTHOCTY NibJa.

Introduction

An importance of gaining information from high
altitude ice cores is constantly increasing due to the
global warming. In comparison with Greenland and
Antarctic regions, which have slower response to the
climate changes, mountain glaciers are dramatically
retreating and disappearing. A wide range of methods
is available for studying ice cores presently: chemis-
try, isotopes, trace elements etc. A variety of most
advanced modern technologies are employed for an-

alyzing the ice cores. The presence of drawbacks,
even in most advanced techniques employed over the
past decade, leads to attempts to create new analyti-
cal methods. For example, the development of the
continuous flow analyses (CFA), automated chemi-
cal method, permitted to pump samples and reagents
continuously through a system of modules intercon-
nected by tubing [1]. Employing the laser ablation
mass spectrometry with inductively coupled plas-
ma (LA-ICP-MS) produced detailed information
about isotopic and chemical composition in sam-
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ples [2, 3]. The method allows getting ultra-high-
sensitivity chemical analysis at the ppb-level without
any special preparation of the sample. The problem,
however, remains in most of the methods that is re-
lated to the destruction of samples during the analy-
ses. Ice is essentially lost in the process and become
unavailable for other types of analyses.

Computed tomography is a well-known tech-
nique for obtaining cross-sectional images. In the
last decade, this method has become widely rec-
ognized and emerged as a leading analytical tool in
many areas [4, 5]. Computed tomography system al-
lows obtaining a three-dimensional distribution of
the X-ray absorption values in the entire volume of
the sample within the limits of the resolution. All
X-ray opaque elements give signal through densi-
ty and chemical composition differences. The mor-
phology and pore size, caverns, cracks, and in-
clusions are analyzed. The main advantage of the
method is the non-invasiveness (using intact ice sec-
tions) of the samples [6, 7]. Since ice cores are very
precious, the main advantage in using Computed To-
mography (CT) is that it does not affect further pro-
cessing of samples. The analysis cost is relatively low,
while the amount of information obtained is substan-
tial. CT method should be used before other analy-
ses. The use of non-destructive CT method does not
affect subsequent work with the samples [8].

Initially, the technique of computed tomography
was used in medicine and made a revolution in the
field as it became possible to obtain information about
the internal structure of the human organism without
surgery. Almost the same equipment and software for
interpretation of the X-ray survey can be used for sci-
entific purposes for sediment or ice core analysis. The
first attempts to include CT in the principal methods
of ice core studies were made in 1990 when J.M. Bar-
nola and his colleagues used X-Ray tomography for
3D reconstruction of the Vostok firn structure [9].
A related method of micro-tomography is presently
in rather high demand [10]. One of its disadvantages
is the necessity of laboratory sampling. The general
principle of the method is similar to the ordinary CT,
however, micro-CT permits studying the inner struc-
ture with high resolution (several microns) [11]. An-
other problem of working with CT is the necessity of
maintaining below-zero temperature. Sneed et al. [2]
tried to solve this problem by constructing a cryocell
that would permit to do laser ablation inside the cryo-
system while minimizing the sampling area.

Full-length ice core CT was suggested by Voland
et al. [12], however, it required substantial techno-
logical support. In the first attempt, the idea was to
investigate the structure of ice cores before transpor-
tation that lead to applying ice core CT for the first
time in the field (Kohnen station, DML, Antarcti-
ca). Subsequently, a research group from Alfred We-
gener Institute created a laboratory with X-Ray CT
system inside a freezer room maintained at —25 °C.
The main goal of our study was to further develop the
methodology for the full-length ice core CT analy-
sis and to evaluate the adequacy of the CT method
for studying ice core stratigraphy. Here we present
the first CT results of shallow firn core from Mt. El-
brus A CT system enables analyzing ice cores, de-
termine the porosity, compare the visual stratigra-
phy and chemistry and to correlate those results to
the ice core thin sections. Since high image qual-
ity is required to get precise results, a vast amount
of measurement data was produced. We discuss the
advantages and possible further development of CT
analyses for ice core studies.

Data and Methods

The Caucasus mountains are situated between
the Black and the Caspian seas in the south of Rus-
sia. Ice core drilling took place at Mt. Elbrus, locat-
ed in the Central Caucasus Mountains. A shallow
ice core with a diameter of 9 cm and total length of
24 m was extracted from the Western Elbrus Plateau
in the summer of 2017. The drilling site was located
at an elevation of 5115 m [13]. Three sections (an av-
erage length of 52 cm) extracted from the depth of
20,31-21,87 m were used in this study. In order to
perform the CT analysis for the full-length ice core,
the freezing temperature had to be maintained during
the imaging session. For this purpose, we used a spe-
cial cryogenic thermos of 100 mm diameter. It con-
sisted of a polyvinyl chloride pipe with sealed ends
and double walls. The antifreeze between the walls
was cooled at —25 °C. The cryothermos may accom-
modate 1 m long core sections and maintain a suit-
able temperature for approximately 5 hours. To test
the ability of the CT system to analyze full length ice
cores the artificial ice core (diameter 9 cm, length
30 cm) was made. It contained ice, firn, snow, and
some mineral particles. Artificial core was made by
sequential adding layers of water, snow and firn sam-
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Fig. 1. Computed Tomography system:

a — scheme of the mutual arrangement of the sys-
tem elements and the sample in a three-dimension-
al coordinate system with the main system parts:
the source of X-rays, the object of study, the detec-
tor, fixing the level of radiation absorbed by the ob-
ject; b — photo of a CT-180 tomograph located at
the Geological Faculty of Lomonosov Moscow
State University. The main parts of a CT scanner
are: I — a protective cabinet; 2 — a core holder; 3 —

ples collected earlier on Elbrus glacier into the plastic
tube. The tube was then frozen (—20 °C). Additional-
ly, layers of mineral particles collected in Elbrus were
also added. The CT system consists of the X-Ray
source, an object of the study and the detector, that
determine the level of radiation absorbed by the ob-
ject (Fig. 1, a) [12].

A separate two-dimensional image correspond-
ing to the intensity of X-Ray radiation after passing
through the sample forms the shadow projection.
The main principle of computed tomography is to
obtain a set of such projections from different an-
gles. This is usually accomplished by its subsequent
stepwise rotation. In addition to the x-ray projection
of the sample, information about the spatial reso-
lution of the object, the source, and the detector is
recorded in contrast with classical X-Ray radiogra-
phy [4]. The brightness (different gradations of gray)
on the X-Ray shadow projection reflects the attenu-
ation of X-Ray radiation, because of the scattering
and absorption of the signal passed through the sam-
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a mobile support of an X-ray apparatus; 4 — an
X-ray detector moving along the core; 5 —a PC for
processing CT data (http://geologika.ru/)

Puc. 1. Cucrtema KOMIbIOTEpHOI TOMOrpaduu:
a — cxXeMa B3auMOTIIOJIOKEHUS 3JIEMEHTOB CHCTe-
MBI U 00pa3la NMpu CbéMKe B TPEXMEPHOI CUCTe-
M€ KOOPIWHAT C OCHOBHBIMHU Y3JIaMU: UCTOYHUK
PEHTIEHOBCKMX JIydeil, OObEKT M3Y4eHUs, TeTeK-
TOp, GUKCUPYIONINIA YPOBEHb U3TydeHHsI, TIOTJIO-
IIEHHOTO 00BEKTOM; b — (poTorpacdusi KOMITbIO-
tepHoro Tomorpacda PKT-180, pacnonoxeHHoro
Ha reojorudyeckoM dakyaprere MI'Y umMeHu
M.B. JlomoHocoBa (http://geologika.ru/). OcHoOB-
HbIe yacTu ToMorpada: / — 3aluTHbIi mKad; 2 —
KepHozepXarteb; 3 — IMOABVXHAsI OITOpa PEHTIe-
HOBCKOTO amnmnapara; 4 — IeTeKTOp PEHTTE€HOB-
CKOTO M3JIy4yeHUs, MepeMellalouiicsa BIOJb
kepHa; 5 — IIK nnsa obpadorku maHHbix KT
(http://geologika.ru/)

ple. The attenuation depends on the density and the
atomic number of the material from which the object
is composed. When X-Rays pass through a material,
the radiation absorption level can be associated with
four types of interaction: photoelectric absorption,
Compton scattering, the formation of electron-posi-
tron pairs, and coherent Rayleigh scattering. The set
of obtained X-ray patterns is then recalculated into a
set of density sections that reflect the internal struc-
ture of the sample. This operation is called recon-
struction. The most common way to display CT den-
sities is to distribute the shades of gray on the graphic
slices formed by the system during reconstruction.
Lighter shades correspond to a higher density, and
darker colors correspond to a lower density. A com-
puted tomograph RCT-180 at the Geological De-
partment of Lomonosov Moscow State University
was employed in this study (see Fig. 1, b).

This instrument is used for the study of rocks,
soils, unconsolidated bottom sediments, biological
samples, etc. It allows scanning cores with a length

- 184-



A.G. Khairedinova et al.

of 1 m and with a diameter of 10 cm. The scanner is
characterized by a 150—250 um spatial resolution,
100 x 100 X 1000 mm active area and 160 kV in-
tensity. The stage rotates for full 360°, in 0.3° steps,
with carriage lift 0.2 mm. For the artificial core, the
following parameters were used: 1.5—5 mA amper-
age, 160 kV intensity, and 115 um spatial resolution.
For Elbrus ice cores the parameters of computer to-
mographer retained the same, except for the spa-
tial resolution (230 um). The average survey time
was approximately 1.5 hours. The data reconstruc-
tion was performed using the TomoViewer software,
Geologika (Novosibirsk). The data were processed
on the Dell Precision T5500 workstation using soft-
ware products: Data Viewer, CTan (calculations and
construction of 3D models of radiopaque compo-
nents) and CTVol (visualization of volumetric mod-

els). Here we also used the results of the chemical
and isotopic composition of the Mt. Elbrus ice core.
The isotopic composition was measured in Climate
and Environmental Research Laboratory, St. Pe-
tersburg, while major ions were studied in the Insti-
tute for Geosciences and Environmental Research,
Grenoble, France [14].

Results

The test core. The artificial ice core contained
ice layer, firn and firn with ice lenses to represent
the variety of the possible structures in real ice cores
(Fig. 2). We also added fine mineral particles from a
snow sample collected previously in snow pit in El-
brus as well as some coarse particles collected from
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Fig. 2. Artificial ice core:

a — a photo of the ice core with a scale bar (length of the core is 20 cm); b — stereological visualization of a longitudinal section of
the core with its internal structure; brightness (various shades of gray) reflects the difference in absorption; based on this, areas of
ice core with different composition were identified: black color (maximum absorption) — air inclusions, dark gray — firn, gray — ice,
white (minimum absorption) — mineral inclusions; ¢ — ice core cross sections: 1 — core interlayer with firn (dark gray color); 2 —
core interlayer with ice (gray color) and the formation of air bubbles (black color); 3 — core interlayer with ice; 4 — core interlayer
with mineral inclusions (white color) and ice. The orange lines indicate the places of the core cross-sections

Puc. 2. UckycCcTBEeHHBI KEpH:

a — dotorpacdus KepHa ¢ MaclITabHOM JMHeliKoil (muHa kepHa 20 cM); b — cTepeosiornyeckasi BU3yaiausaius MpoaoJbHOTO
cpes3a KepHa ¢ ero BHYTPEHHUM CTPOSHUEM; SIPKOCTh (pa3IMYHbIe OTTEHKU CEPOro) OTpakaeT pa3HMUILy B IOIIOIIAIOIIE CII0CO0-
HOCTU: YEPHBIN LIBET (MaKCMMaJbHOE TIOTJIOIIEHUE) — BKIIIOUEHMST BO3AyXa; TEMHO-CEPhIii — (DUPH; cepblit — JIEN; Oesblii LIBET
(MUHMMaJIbHOE TTOINIOIICHUE) — MUHEpaJIbHbIE BKIIOUEHUsI; ¢ — IOIepeYHbIe Cpe3bl KepHa: 1 — Mpociioil KepHa, BMEIIAIOIIMii
¢bupH (TEMHO-CephIil LIBET); 2 — MPOCIOil KEpHA, COCTOSIILIMI U3 JIbaa (Cepblii IIBET) ¢ 00pa3oBaHMEM ITy3bIPbKOB BO3ayXa (4€p-
HBII 1IBET); 3 — IMPOCJIOi KepHa, COCTOSIIIUIA 130 JIbAa; 4 — MPOCJIOi KepHa ¢ MUHEPAIbHBIMUA BKIIOYCHUSAMU (OEJIblil LIBET) 1
nbaoM. OpaHXeBble TMHUHA COOTBETCTBYIOT ITONIEPEYHBIM Cpe3aM KepHa
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the rock outcrops near the drilling site. Fig. 2, b
shows the stereological visualization of the artificial
ice core. Main structure heterogeneities were detect-
ed. The brightness (different gradations of gray) on
the X-ray shadow projection reflects the attenuation
of X-ray radiation, due to the effects of scattering
and absorption of the signal passed through the sam-
ple. The cross sections with contrasting media are
shown, namely mineral inclusions, ice, firn and air
bubbles (see Fig. 2). The optical density corresponds
to the degree of of X-rays attenuation of transpar-
ent objects or reflection of light by an opaque object.
Optical density can be calculated using the formula
OD =log,, ({,/1), i.e. I, — incident optical intensity,
I — transmitted optical intensity. The types of objects
with the highest values of optical density (270 and
more) are the dense mineral inclusions. The average
value of the optical density for ice in an artificial core
is 120—150. The optical density of air approaches 0.
Considering the results of artificial ice core, the inner
structure heterogeneities in the natural ice cores can
be detected using the same approach.

Shallow core—2017. The Elbrus shallow firn
core was dated using well preserved seasonal sta-
ble isotopic oscillations. The seasonal amplitude of
&80 change was 25.2 %o, with average values being
—25 %o in winter and —10 %o in summer respective-
ly. The ice core covers the period of 2012—2017 with
mean annual accumulation rate of 2200 mm w.e.
Three sections used in CT analyses correspond to the
layers accumulated during the warm season of 2012.
A detailed description of section’s stratigraphy was
made in the cold laboratory. It was revealed that the
cores are composed mostly of firn and contain min-
eral particles. Ice layers and dust horizons can be
visually identified. The distribution profiles of the
main chemical elements are presented in Fig. 3 to-
gether with density characteristics of the core. The
density was measured in cold laboratory using dis-
crete sections for every 10 cm. The maximum density
of 0.8 g/cm? was observed for the layers at the edge of
sections 42 and 43. The distribution profiles of Ca?*,
Mg*, NH,*, SO,*~, and Fe?" were analyzed to find
similar patterns.

The values for all ions were elevated in section 41:
for Ca the maximum value is 100 ppb, for Mg —
80 ppb, for NH, — 800 ppm, for SO, — 1850 ppm,
for Fe — 60 ppm. Concentrations decreased in
section 42: NH, = 400 ppm, SO, = 600 ppm,
Fe = 25 ppm, and the minimum are equal to 10 ppb

for Mg. The ion concentrations level off in sec-
tion 43. This distribution is due to the presence of a
large amount of dust in ice in the section 41. A dou-
ble peak of calcium, corresponding to two dust lay-
ers in the ice core is observed also in Fe profile (sec-
tion 41). When considering the dependence of the
presence of chemical inclusions on optical density, it
was revealed that the high concentration of Ca indi-
cated the dust layer that can be identified by CT.

In Fig. 4 separate dense horizons are observed,
which are reflected in the variations of chemical ele-
ments. Pronounced in density is only the dust layer
in which concentrations of all chemical elements are
rising. However, this may be due to the sampling
technique in 10-cm increments, which could cause
the chemical signal to be blurred or not manifested
at all. The section shown in the red frame in Fig. 4, a
and b has the highest density values. When compared
with the gradations of the artificial core, it was sug-
gested that the formations may be separate mineral
dust particles. It is possible that individual dust par-
ticles in the ice core can be observed using the CT
technique. The problem that arises when interpreting
data is the separation of noise and the signal from the
actual crystals. For their separation, it is necessary
to create criteria for the selection of density classes.
Under low resolution imaging conditions, it is often
difficult to find an increase in the density reflected in
CT images corresponding to an increase in the con-
centration of inclusions. These shortcomings should
be considered in future studies.

Another important advantage of this technique is
the ability to trace the inclination of the layers in three
dimensions (see Fig. 4, ¢), since usually information
about the 3D structure of the ice layers is not avail-
able. It is possible to clearly trace the firn layers and
calculate their angle of inclination relative to the bore-
hole. The firn core from the depth of 2020—2180 cm
is composed of firn and the inclination, in this case,
is due to the influence of the surface microrelief and
possible internal inhomogeneities. The calculations
showed, that the angle of inclination of the layers in
the studied sections varies from 6 to 9°. With further
use of the CT technique for deeper core sections such
information may provide insights into basal ice flow
disturbances. Such information is important to verify
the ice flow and depth age modelling.

Structural features. The method of computed to-
mography allows determining the internal structure
of the core. According to the obtained CT data, it
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Fig. 3. The distribution profiles of the density, chemical elements, CT data and visual images in three sections of ice
cores (sections 41—43) from the depth 20,31—-21,87 m.

Dashed blue lines indicate the boundaries between core sections. The distribution profile: @ — density measured in freezer condi-
tions every 10 cm: b — Ca and Mg; ¢ — NH, and SO,; d — Fe, horizons of mineral dust and ice interlayers; e — photographs of sec-
tions with visible layers of dust and ice horizons; f — stereological visualization of sections with identified internal heterogeneity
Puc. 3. I'padpuku mmoTHOCTH, XuMudeckux 3iaemMeHToB, KT-naHHbIX 1 oTorpadum JIeMTHUKOBBIX KEPHOB B TPEX
cekuusax kepHa (cexuuu 41—43) ¢ rnyounst 20,31-21,87 m.

TTyHKTUPHBIE TOTyObIE TMHUU — TPAHUIIBI MEXIY CEeKLMAMU KepHOB. ITpoduau pacrnpenesieHUs: @ — MJIOTHOCTH, U3MEPEHHOI B
YCJIOBUSIX MOPO3UJIbHOM Kamephl uepe3 kaxnble 10 cMm: b — Can Mg; ¢ — NH, n SO,; d — Fe, ropu3zoHTOB MUHEPAIbHON MbUIA U
MPOCIIOeB Jibaa; e — hoTorpaduu cekiuii KepHa ¢ BUTUMBIMU MTPOCIIOSIMU TIBUTH U JIEASTHBIX TOPU30HTOB; f — CTepeosiornyeckast
BU3YaJIU3alisl CEKIIMIA C BBISIBJIEHHOM BHYTPEHHE HEOTHOPOIHOCTHIO

Fig. 4. Stereological visualization of ice cores:
a — lower part of section 41; b — section 43 with dif-
ferent absorption of horizons; in the red rectangles —
presumably mineral dust particles; ¢ — upper part of
section 41 with visible slope of the firn layers

Puc. 4. Crepeonornueckasi BU3yaau3aius Jiea-
HUKOBBIX KEPHOB:

a — HUXHSISI 4acTh CeKUMU KepHa 41; b — cek-
s 43 ¢ pa3auyHbIMU 110 aOCOPOLIMOHHOI CITO-
COOHOCTHM TOPU30HTAaMU; B KPACHBIX MPSIMOYTOJIb-
HMKaX — IPEANOJIOXUTEIbHO MUHEpaIbHAs MbUIb;
¢ — BEepXHSIS 4acTh ceKUMU 41 ¢ BUIMMBIM HaKJIO-
HOM CJIOEB (hMpHa
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Fig. 5. The inner structure of the ice core:

a — stereological visualization of the section 43; yellow lines with arrows indicate the cross sections; b — cross-sections of the core:
1 — ice (white color); 2 — fine-grain firn (dark gray color); 3 — coarse-grain firn (gray color); ¢ — thin sections from the same hori-
zons with crystals of: 1 — ice; 2 — fine-grain firn; 3 — coarse-graine firn

Puc. 5. BHyTpeHHSsIs CTpyKTypa JIGTHUKOBOTO KepHa:

a — CTepeoJIoTUYecKasl BU3yaln3alus CeKIuu 43; XKEIThle IMHUM COOTBETCTBYIOT MOMEPEYHBIM Cpe3aM KepHa; b — MoIepeyHbie
cpe3bl KepHa: 1 — nén (Genblit 1BET); 2 — MEJKO3EPHUCTBIN DUPH (TEMHO-CEPhIil 1IBET); 3 — KPYMHO3EPHUCTBIN (UPH (Cephlii
1IBET); ¢ — HUIM(BI KEPHOB U3 TEX K€ TOPU30HTOB ¢ KpUCTa/ulaMu: 1 — JibAa; 2 — MEJIKO3epHUCTOro (pupHa; 3 — KpYIMHO3epHU-
croro ¢pupHa
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is possible to identify individual stratigraphic layers,
without cutting of the samples. In addition, using
the CT technique allows distinguishing the crystals
composing the individual density layers according
to their size. In order to test whether the resulting
image also provides information on the size of the
crystals, a comparison was made with the firn and
ice flat-surface vertical sections. The sections were
made for each horizon, distinguished visually by stra-
tigraphy for all three sections (a total of 30 thin sec-
tions). Subsequently, a comparison was made of ver-
tical sections and horizontal core sections using CT.
Below we list the most illustrative examples. The
horizontal sections of various parts of the core were
obtained using the DataViewer program. In this case,
mineral inclusions are absent, therefore the densest
layer (ice) is displayed in white. The core section 43
consisted of firn with some ice layers up to 4 cm thick
(Fig. 5). The ice layers, shown in the first cross sec-
tion, have a crystal size of up to 6—8 mm. They are
characterized by the highest contrast and are easily
detectable on the CT images. The second cross sec-
tion depicts the firn that is representative for most of
the core used in this study. As seen in the cross sec-
tion, the crystals have dimensions on the order of
0,1-0,5 mm. They are not distinguishable on the CT
image and are revealed only as noise. The third sec-
tion displays a coarse-grained firn, the crystal size of
which reaches 1 mm. Such firn can be identified by
the results of a CT scan. However, there is an ambi-
guity in the correct interpretation of such horizons
associated with a large amount of noise.

Thus, the use of computed tomography allowed
identifying heterogeneities in the structure of the ice
core. They were not recorded when the core was pre-
viously inspected visually. Moreover, in some cases,
it was possible to identify patterns of crystals of dif-
ferent sizes in the image. However, only contrast-
ing media with a large difference in the size of crys-
tals are confidently distinguished on the background
of fine-grained firn: the ice and coarse-grained firn.

Conclusion

The method of computed tomography was test-
ed on artificial and actual ice cores. The technique
has several clear advantages. Compared with microto-
mography, ordinary CT allows examining samples
up to 1 m length. It is non-destructive, meaning that

the samples do not need to be cut and melted. In this
study, it was possible to solve the problem experienced
by the previous researchers employing the CT tech-
nique, related to maintaining the proper temperature
conditions for the ice. A special cryothermos was de-
signed, that does not require any special investments,
as in the case of using a special walk-in freezer labora-
tory. However, at this point cryothermos is not com-
pletely satisfactory and needs to be further improved,
since it was not able to maintain the proper condi-
tions for the ice for more than 5 hours. Reliable re-
sults were obtained for the test ice core. That sample
was characterized by a large contrast in composing
media. Density, porosity and structural features of the
Elbrus core sections were determined. Correlations
with several (Ca, Fe) chemical elements were found.
The question of whether it is possible to decipher in-
dividual dust particles in large-scale dust horizons still
remains open and needs further verification. Informa-
tion on the crystals size can be obtained using the CT
data especially when there is a high contrast with the
background medium. It should be noted that the ob-
tained CT data were characterized by a large amount
of noise. To identify all structural heterogeneities and
clearly separate between inclusions and the noise, it is
necessary to carry out the imaging with higher resolu-
tion. This will require substantially greater computer
storage capacity. In further studies, it is necessary to
pay close attention to the choice of spatial resolution,
to design a longer-lasting cryothermos for maintaining
the proper temperature conditions for the ice cores,
and to study a greater number of firn and ice cores to
fully explore the possibilities of a CT method.
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JIeOHUKU U 1eOHUKOBbIE NOKPOBbI

ITpumeneHre METOIMKH KOMIbIOTEPHO
ToMorpaduu i Hepa3pyIaoIero aHaju3a
JIeTHUKOBBIX KE€PHOB

B Hacrosiiee Bpemst py U3y4eHUM JIESTHUKOBBIX
KEPHOB HCITOJIb3YETCs OOJIBIIIOE YHCIO COBPEMEHHBIX
MeToa0B. OnHAKO MHOTUM U3 HMX CBOMCTBEHHBI He-
JOCTAaTKU, CBS3aHHbBIE C pa3pylIcHUEeM U TasTHUEM 00-
pasla IpM aHajIu3e, YTo MPENSITCTBYET JaJbHErIeMy
HCTOJb30BaHNIO KepHOB. KoMIbioTepHast ToMorpa-
¢us (KT) — cnocob moaydeHus MOCIONHBIX CPE3OB
00BEKTa C TIOMOIIBIO PEHTTEHOBCKUX JIy4eid. SIpKocTh
(pa3nuyHbIe TPaJaly CEPOTO) Ha PEHTTEHOBCKOM Te-
HEBOI MPOEKIIMU OTpaXaeT ocjlabjieHre PEHTIEHOB-
CKOTO M3JIy4eHUs 3a CUET A(P(PEeKTOB paccernBaHUS U
TMOIJIOIIEHMS CUTHAJIA, TPOILIEAIIEero Yepe3 oopasell.
OcnabneHue 3aBUCHT OT IJIOTHOCTA M aTOMHOTO Yuclia
MaTepuaja, U3 KOTOpOro COCTOUT U3ydaeMblii OOBEKT.
IIpeumyiectBo Metona KT — ero OpIcTpoTa: 3aTparthl
HEMOCPEACTBEHHO Ha ChbEMKY — MMHUMAJbHbBIC, PU
3TOM 00BEM MoJTydaeMoil MH(OpMaLIMK — BecbMa Cy-
1LIeCTBeHHBIN. B Halleit pabote UCIOIb30BaICI KOM-
nbloTepHbIit Tomorpad PKT-180 Ha reosornyeckom
akynerere MI'Y umenu M.B. JlomoHocoBa. MeTon
KOMITBIOTEpHOI TOMOrpacduu ObLT MPOTECTHPOBAH Ha
HWCKYCCTBEHHOM 1 HACTOSIIIIEM KepHax (JIeTHUKOBBIC
KEPHBI C 3alaHoro miato Diasopyca). ABTOPHI peI-
JI1 TIpo0JIeMy, CBSI3aHHYIO C MOIAEpKaHUEeM TeMIiepa-
TYPHBIX YCJIOBUIA JIba, KOTOpas ObLUIa Y TIPEABLIYIIINX
uccinenonatenieii KT-metonuku. C 3Toit 11e7bI0 OBLT
CO3/IaH CIeLMAIbHBIM KPUOTEPMOC, TTOIIePKMBaIO-
1M TemIiepatypy Ha ypoBHe —25 °C.

B pesynbpTate paboTHl ¢ CEKIIMSIMU KepHa DJib-
Opyca IMojiydeHbl JaHHbIE O €T0 IUIOTHOCTU, TTOPU-
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