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INVESTIGATION OF GOLD TISSUES SURFACE FROM THE
CATHEDRAL OFASSUMPTION (KYIV) SARCOPHAGUS
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The objects of the cultural heritage discoveredabbghaeologists on the area of ancient Kyiv
(Old Russia) were examined by non-destructive teglas such as SEM with EDXRS, XPS and
AFM. The topographical examination shows that tregiments of gold tissues (XI-XVI AD) con-
tent two kinds of materials: golden spiral threaalsd light colour flakes. In the composition of
the threads, Au is the basic element but the fladagain C, O, Mg, Al, Si, P, S, Ag, Ca, and Fe.
The origin of these flakes today is unknown (tleedis of cloth or varnishes possible). The pres-
ence of Rb in golden artefacts testifies the ersteof own gold output and technology on the
area of ancient Kyiv. The absence of Cu, which @nés in oldest gold tissue, in the samples
manufactured in XV-XVI AD can be connected withmprovement of melting technology. The
difference in the composition in the golden thredds all samples examined shows them to be
manufactured in various regions of Old Russia.

INTRODUCTION pects of thei( fabrication [2]. Various _information
can be obtained on the manufacturing technolo-
Archaeology tries to reconstruct the culture gies of the objects and on the provenance of the
and history of past societies, especially of those metal as a result of the analytical methods use.
on which no or poor written sources exist and for The aim of the first studies is an accurate descrip
which information on every day life is in scare. tion of the objects using information given by
Archaeology today uses a variety of methods and their analysis. The aim of the second point is the
tools: survey and excavation, environmental identification of the extraction, refining and alto
analysis or glacial records, scientific and histori ing techniques.
cal dating methods, historic and iconographic A variety of instrumental analytical technique
sources, archaeological experiments and, last butcan be applied to the physical and chemical ex-
not least, material analysis of found artefact®e Th amination of the works of art and archaeology but
material analysis has two main topics: the charac- mainly without any sampling. The most examined
terization of the material of which objects consist from the gold finds are different jewellery, coins,
and the characterization of technical treatment or metal alloy and shards discovered in America and
manufacturing of the objects. The first can, for Europe [2-16]. The use of modern methods of
instance, give information about the provenance non-destructive analysis permits us to determine
of the material while the latter helps us to recon- the provenance of gold or its origin difference [2,
struct ancient techniques. 9-13, 17, 18] and to propose a technique of the
The excavations and investigations of archae- objects manufacture or treatment [2, 8, 13-15, 17,
ologists often lead to discovery of golden arte- 18]. In the same time, it is necessary to note that
facts. Among the metals used by man in past, the objects of the cultural heritage found in the
gold has a privileged place. Mainly obtained by East Europe, on the area of Old Russia particu-
the exploitation of quartz veins (primary deposits) larly, belong to the number of less studied.
and placers (second deposits), found free in na-  The fragments of gold tissues, somewhat ex-
ture, gold was one of the first metals used in fab- otic materials, found by archaeologists in differ-
rication of objects [1]. The analysis of gold ob- ent tombs of the Cathedral of Assumption (Kyiv)
jects contributes to the knowledge of many as- were the objects of this investigation. SEM with
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EDXRS (Scanning Electron Microscopy with

Energy Dispersion X-ray Spectrometry), XPS
(X-ray photoelectron spectroscopy) and AFM
(atomic force microscopy) methods were used for
non-destructive chemical compaosition and topog-
raphical analysis of these archaeological finds. It

tron microbeam in several places of each sam-
ple (see Figs).

The surface composition up to 2 nm was ob-
tained from XPS spectra recorded by a VG Sci-
entific ESCA-3 photoelectron spectrometer us-
ing AlKa radiation (1486.6 eV). Binding ener-

is necessary to note that two last methods were gies of electrons of analyzed elements were ref-

not used for the study of gold artefacts in contras
to the first technique [17, 18].

EXPERIMENTAL

The samples of the gold tissues studied in this
work were found in different sarcophagi of the
Cathedral of Assumption (Kyiv). The characteris-
tics of the objects studied are shown in Table 1.

Table 1. Description of tissue samples

Sample Characteristic of sample

Fragment of gold tissue 2.4x1.5 m from
sarcophagus N 2; the tomb a man (proba-
bly the member of family of Knight
S.Olel’kovich); XV=XVI AD

Fragment of gold tissue of a head-rest cov-
erlet from sarcophagus N 4; the tomb a
woman (probable the wife of Knight
M.Olel’kovich); XV—-XVI AD

Fragment of gold tissue from sarcophagus
N 3; the tomb of unknown man (probably
the church man); XI-XIII AD

T1

T2

T3

erenced to the C 1s peak at 284.8 eV. The spec-
trometer was interfaced with IBM PC AT micro-
computer for acquisition and processing. The
relative content of elements in the samples was
determined by a method analogous to that de-
scribed in [19].

The surface morphology of the samples and
its roughness in nanometric region was studied
by atomic force microscopy (AFM) using a
Nanoscope E, Digital Instruments Scanning
Probe Microscope Controller.

RESULTS AND DISCUSSION

The microphotographs of two fragments of
T1 sample presented in Fig. 1 show that the to-
pography of this object is complicated. The
amorphous compounds of light colour, looking
like flakes (points B1 and B2), present in the
surface of golden colour spiral threads (point A,
Al, and A2). It can be seen that these golden

The images of the gold tissues fragments and threads represent the twisted foil with the

their element composition on the subsurface re-
gion (probing depth up to 2 um) for all samples,
without their cover by carbon, were obtained by
the method SEM with Jeol JSM 5400 and
EDXRS LINK ISIS Seria 300 instruments. The
composition analysis was realized by an elec-

width equal to 150-200 pm and the thickness
near 2-5 um. The flakes have the greater thick-
ness but the lesser other dimensions. The habitus
of these objects permit the use of microbeam
technique for the reliable quantitative analysis of
their chemical composition.

Fig. 1. The microphotographs of gold tissue T1
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Investigations of Gold Tissues Surface
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Fig. 2. EDXR analysis of the gold tissue T1 chemical
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Counts

Fig. 3. EDXR analysis of the gold tissue T1 chemical
composition in points Ba) and B1 £)

The chemical analysis of the T1 sample by an
electron microbeam was realized in five points of
golden spiral threads (three points shown in
Fig. 1) and in four points of light flakes (two
points shown in Fig. 1). The analysis data pre-
sented in Fig. 2 show that the basic element in the
composition of spiral threads (points A) is Au.
Simultaneously they content a small quantity of
Ag and Rb. The composition of the threads de-
termined in other points is practically equal te th
data presented in Fig. 2. The analysis of light
flakes is presented in Fig. 3. The data of the
analysis demonstrate that these objects content
the following elements: C, O, Mg, Al, Si, P, S,
Ag, Ca, and Fe. The traces of Au were also ob-
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served. Analogous results were obtained for other and friable structure of these objects on sample
points B of T1 sample fragments. T2. As a result, the microbeam analysis shows the

The calculation results of the objects compo- base composition of gold threads disposed under
sition found in golden tissue T1 are presented in or near the flakes. The chemical analysis of gold

Table 2 and Table 3. threads (points A and Al on sample T2) demon-
Table 2. Composition of gold threads in tissues deter- ~ Strates the presence of Au (basic elements) and
mined by EDXRS little quantity of Rb and Ag (Fid). These data
have no qualitative difference with the results
) ) Component, wt. % . R . .
Tissue  Point presented in Fig. 2 for tissue T1. The quantitative
Au Ag Rb Cu

data of the analysis of gold threads composition

A 96.2 2.7 1.1 - .
are present in Table 2. The absence of all compo-

Al 95.8 3.0 1.2 -

T1 nents of light flakes (the major elements, Ca and
22 gg'g ;g é'g . Si are only present in the spectrum,) did not per-

Al 97'1 2'2 0'7 mit us to realize their composition quantitative

A 96.6 19 15 - determination.

' ' ' The microbeam analysis of golden threads

T2 Al 96.6 2.0 14 - (points A and Al) in T3 sample permits the pres-
22 32.451 ;é 1; ence of Cu additive side by side with basic ele-

Ad 97'1 1.8 1'1 - ments Au, Ag, and Rb found (Fig. 7). Since of

A 94'5 2'0 2'4 11 absence of the flakes on tissue T3, an EDXR

' ' ' ' spectrum of the whole fragment presented in

T3 ﬁ; ggg 12 g? ég Fig. 4 was obtained. The results show (Fig. 7,
A3 95'4 1'4 2'5 0'7 spectrum Sum) the presence of Ca traces and in-

Ad 94'7 1'9 2'5 0'9 creased content of C and O in comparison with

Sum 949 18 >3 10 the data for points A and Al which are character-

istic for the composition of the flakes.

Table 3. Composition of light flakes in tissue T1 de- The composition of the flakes presented n
termined by EDXRS Table 3 shows that they content a large quantity

c TR of carbon and oxygen and this fact permits us to

Point omponent, W. 7 assume the organic origin of these objects. From

C 0 Ca s Al P S Mg K Fe the one point of view, these flakes could present

B 25 16 17 14 9 the traces of cloth but, from the other hand, these

Bl 27 18 14 12 8 objects content enough number of inorganic ele-

B2 20 16 19 17 11 ments. The analysis of published data shows that

ol N U] O
Wl g1 | 0
W | N -
N w| N -
~N' N O W

these objects can belong to remains of the var-
nishes. It is known that varnishes are mixtures of

B3 32 21 11 6 7

The fragments of golden tissues T2 and T3 natural products in which the main components
are presented in Fig. 4. A small number of light are organic substances but, beside these major
flakes is present on surface of golden spiral components, some inorganic substances (as pig-
threads in sample T2 but the surface of tissue T3 ments, siccatives, etc) were added to control the
is practically free from these objects. The results properties of the historical varnishes [6].
of chemical analysis by an electron microbeam of The analysis of small flakes of varnishes de-
these flakes (points B and B1) presented in Fig. 5 tected more than 20 elements in their composition
show that their composition differs from that de- [6] among which silicon, phosphorus, sulphur,
termined on tissue T1 (Fig. 3). The presence of potassium, aluminium, calcium, and iron, also
Ca and Si lines (the most intensive in Fig. 3) and determined by us in this study. The published
a high intensity of C and O lines against back- data shown the impossibility to calculate the mass
ground of elements spectrum characteristic of fractions of the detected elements in relation to
golden threads can be only observed. The absencethe total sample mass and the relative content of
of other elements characteristic of the flakes element with respect to the sum of all detected
(Fig. 3) can be connected with small dimensions elements was only determined.
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Presented in literature data demonstrate a The content of copper in artefact T3 is also
large change of the component ratio in different low (mean quantity is equal to 1.0% wt., Ta-
samples of these artefacts. This operation was ble 2) and expected for native gold.

also realized in our case and obtained data are
presented in Table 3. It is necessary to note that

guantity of the light flakes decreases for the sam-
ple T3 which is older for 2—3 centuries than T1
and T2.This fact can be connected with destruc-
tion of these objects (cloth or varnishes) and dis-
solution of inorganic elements or with the ab-
sence of this technique early and lower social
situation of the burial place object. Thus, the ori
gin of the flakes detected by us today is unknown
and only further investigations would provide a
definitive answer about the nature of light flakes.
In order to determine the origin of gold artefact
not only the concentration of the base component
(gold) but the fingerprinting of gold or the con-
tent of specific trace and ultra-trace other ele-
ments has a big importance. The results of the
EDXR analysis of golden threads of the tissues
T1-T3 presented in Figs. 2, 6 and 7 are summa-
rized in Table 2 for all places of the composition
determination.

These data show a high content of gold in
all studied artefacts. The other elements de-
termined in these objects were Rb, Ag, and Cu
in the sample T3.Comparison with published
data of the gold artefacts analysis show that
two last elements present practically in all
goods but Rb was determined by different
methods in any ancient objects found in Bel-
gium [13], Macedonia [14], Spain [8, 10, 21],
Siberia and Mongolia [2, 11,16], South Amer-
ica and Mexico [17], Portugal [11, 18], France
[18], ltaly [4, 9, 20], Greece [9] and other
places. The presence of this element in gold
objects from sarcophagus of the Cathedral of
Assumption can testify about the availability
of own gold output on Old Russia. On the
other hand, the oldest tissue T3 contents a Cu
additive in the composition which is absent in
another samples. This fact can be connected
with the difference in gold sources or in places
of these tissues manufacture in ancient Kyiv
(Old Russia). The change of gold production
technology which could take place at 2-3 cen-
turies can be taking in consideration also. It is
necessary to note that the concentration of
base element gold in threads of T3 (mean
value is equal to 94.8% wt.) is lower than in
T1 and T2 (96.5 and 96.6% wt., respectively).
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The samples T1 and T2 have the same con-
tent of gold (see above) but the concentration of
additives (Ag and Rb) differs. If the amount of
silver and rubidium in threads of T1 is equal to
2.5 and 1.0% wt., their content in T2 is of a 2.0
and 1.4% wt., respectively. The observed differ-
ence between T1 and T2 in amount of impurities
can be connected in our opinion with the modifi-
cation of purification method of the same prove-
nance gold.

existence of Cii in the sample (Cudoes not a
satellite). The ratio of these copper forms
CW/CW#* can be estimated as 70/30. The results
obtained permit us to suppose that presence of
copper in gold alloy initiates and catalyses the
surface oxidation of other elements or the forma-
tion of their carbonate surface layer.

Table 4. Electron binding energies of the elements of
golden threads

It is known that for the gold rich objects prob-
lems of patina or corrosion are absent. In connec

Binding energy of electrons, eV

tion with this the data of surface analysis by XPS
method and their comparison with the results ob-

tained by EDXRS permit us to determine the ho-
mogeneity of the samples or shed light on the

Sample Au4f,,  Ag3ds, Rb3ds,  Cu2psp»
T1 83.9 367.8 109.8 -
T2 84.0 367.9 109.7 -

83.9; 367.8; 110.0  932.3;
T3 85.6  368.6 933.6

method of their manufacture. The determined
values of the electron binding energies (BE) of
the base elements of golden threads are presente
in Table 4. These data show that in samples T1
and T2 gold has one peak with BE value near
84.0 eV which is characteristic of metallic Au (0).
In the case of sample T3, two components in
spectrum of Au 44,-electrons are observed: the
first has BE = 83.9 eV (A) and the second with
BE = 85.6 eV which characterize the presence of
oxidized gold Ad*. The quantity of this last gold
form is equal to 10%. It is necessary to note that
practically the same BE of gold (84.0 and
85.5 eV) and amount of Al(14%) values were
determined for a gold artefact in [21]. Analogous
results were observed for BE of Ag s3d
electrons: in the case of T1 and T2 samples the
spectrum was well fitted by one peak with value
of BE characteristic of Agbut two peaks with
BE of 367.8 and 368.6 eV were obtained for T3
sample which characterize the presence of Ag
and Ag simultaneously with amount of Agear
12%. All three samples demonstrate one peak of
Rb 3d,-electrons with value of BE near
110.0 eV. The low number of publications con-

It is known that the determination of absolute
Oconcentration of the elements by XPS method is a
very difficult problem but the atomic ratio of the
elements within surface layer can be determined
sufficiently exactly. These data are presented in
Table 5 as compared with the atomic ratio of the
elements calculated from the results obtained by
EDXRS. From Table 5 it is possible to see that
the atomic ratio of the components in samples T1
and T2 within surface and sub-surface layers is
practically the same. But an excess of copper
within surface layer of the sample T3 and a si-
multaneous decrease in silver content is observed.
This fact can be a reason of some corrosion of the
sample T3 surface layer. The increased content of
copper on surface in comparison to bulk of the
gold threads can be connected with diffusion of
this element in the times. On the other hand, these
results confirm the opinion connected with differ-
ence of technology of the manufacture of tissues
T1,T2,and T3.

Table 5. The atomic ratio of the elements of golden
threads

nected with the XPS spectra of Rb did not permit
us to determine the valence state of this element.

Atomic ratio of the elements

Sam-

In accordance with published data, this value of

BE was observed for metallic rubidium and its
compounds [22—-24]. Copper was observed in the

XPS spectrum of T3 sample only and this spec-

XPS analysis EDXRS analysis
Ple “Au/Ag AU/RD AuiCu Au/Ag Au/Rb Au/Cu
T1 22,6 423 - 21.3 419 -
T2 25.7 30.1 - 26.2 29.6 -
T3 26,8 153 412 30.0 16.6 30.6

trum of Cu 2p-¢electrons had one peak with BE
= 932.3 eV corresponded to metallic element, and

The results of study of golden threads of sam-

the second peak with BE = 933.6 eV which could ple T1-T3 surface by AFM method are presented
be connected with oxidized copper. The presence in Fig. 8. The measurement of roughness of the
of the satellite peaks permits us to indicate the threads showed that its value for the T3 sample
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Fig. 8. Surface morphology of the golden threads sample@ T2 (), T3 ) (AFM)

(.70 nm) is practically two times more than
that the in samples T1 (0.81 nm) and T2
(0.97 nm). This fact can be connected with
partial surface oxidation of gold threads T3 or
with the difference in manufacture technique
of artefacts studied. The difference in rough-

tion leads to formation of All, Ag", and C@"
ions and increases the roughness of golden
threads. It can suppose the improvement of
smelting technology during 2-3 centuries
which led to a decrease of impurities in gold.
A definite difference in the composition of

ness of the golden threads of samples T1 and golden threads for all three tissues can testify

T2 is less significant.

Thus, the investigation of the surface of
gold tissues found in sarcophagus of the Ca-
thedral of Assumption on the area of ancient
Kyiv permits us to determine the presence of
own original gold output on the territory of
Old Russia. The composition of the theses
gold artefacts differs from that of golden ob-
jects found in other countries of Europe and
America by the presence of Rb. It was found
that oldest tissue (XI-XIII AD) contents along
with base elements (Au, Ag, Rb) the addition
of copper which is absent in tissues manufac-
tured in XV-XVI AD. The low amount of
copper in tissue is a characteristic of native
gold. The presence of this addition leads to
light corrosion of surface layer of golden
threads of the oldest tissue which is absent in
other artefacts. The process of surface oxida-

216

that these goods were manufactured in differ-
ent regions of ancient Kyiv or Old Russia. On
the surface of gold threads of tissues produced
in XV—XVI AD the traces of cloth or var-
nishes were found. Their absence in tissue
manufactured early can testify the difference
of tissues technique preparation or the destruc-
tion of these objects in time.
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JocaigxeHHs MOBEPXHi 30JI0TUX TKAHUH 3i capkodaris
Ycnencskoro codopy (Kuis)

0.B. 3axkuranos, C.A. banakin, 1.B. bauepukosa, B.O. 3a:kuranos

Hayionanvruii Kueso-Ileuepcoruil icmopuxo-Kynemypruil 3ano8ioHux, Bioodin apxeonozii
eyn. Iseana. Maszenu 21, Kuie 01015,Vkpaina
Incmumym copoyii i npodem endoexonozii Hayionanvnoi akademii nayx Yrpainu
eyn. Ienepana Haymoea 13,Kuie 03164, Vkpaina, , zazhigal@ispe.kiev.ua

06' ekmu Kynomypnoi cnadwunu, 3Hatideni apxeonozamu wa mepumopii cmaposunnozo Kuesa (Kuiscoka Pycv),
o6yn0 oocaiddxceno 3a donomozoio nepyunienux memooie CEM paszom 3 EJ[PC, PEC i ACM. Tononociune doci-
Ooicenns nokaszano, wo gpazcmenmu 3onomux mxanun (X1-XVI cm. n.e.) micmame 06a munu 06'ekmis: 3010mucmi
CRipanbHi HUMKY | NAACmiyi ACHO20 KOIbOPY. B cKnadi HUMOK OCHOBHUM eeMeHmoM € 30J10M0, 8 MOl Yac sK nid-
cmisyi micmams C, O, Mg, Al, Si, P, S, Ag, Gaa Fe. llpupooa yux nracmisyie na yeii uac ne 3 scosana (morcau-
60 ye 3anuwiky 00sey uu aaxy). Haseuicme RD 6 3010mux Humkax ceiouume npo icHy8anHs 61ACHO20 GUAOOYMKY
30710ma i mexHonoeii o020 0bpobku Ha mepumopii cmapoodasnvo2o Kuesa. Biocymuicmo CU,sKxa € 6 cknadi 6upoo-
aenoi ¢ XI cm. mxkanunu, 6 00'ekmax, wo noxoosame 3 XV—XVlcm. n.e., mosice bymu nog'szano 3 nokpawjenHsam
mexno102ii 6udinenns 3oroma. Biominnocmi y emicmi enemenmis 6 ycix 00CHIONCEHUX HUMKAX CBIOYAMb, U0 GOHU
oynu supod.Ieni 8 pisHux pecionax cmapodasnvoi Pyci.

HccnenoBanue MoBEePXHOCTH 30JI0ThIX TKaHel U3 capkodaros
Ycenenckoro codopa (Kues)

A.B.3axuranos, C.A.bainakun, U.B.bauepukoBa, B.A.3axurajion

Hayuonanvnoiii Kueso-Ileuepckuii ucmopuxo-KyiemypHulil 3ano8eonux, Omoen apxeonozuu
yn. Meana Maszenwr 21, Kues 01015,Vxpauna
Hucmumym copbyuu u npobnem snoosxkonoeuu Hayuonanvnou akademuu Hayk Ykpaunol
yn. I'enepana Haymosa 13, Kuee 03164,Vkpauna, zazhigal@ispe.kiev.ua

Ob6wekmbl KyIbMmypHO20 HACLeOUs, HalldeHnble apxeofiozamu Ha meppumopuu opesnezo Kuesa (Kuesckas
Pycw) b6vinu uccaedosanvl nepaspyuaowumu memooamu COM coemecmno ¢ IPC, POC u ACM. Tononozau-
yeckoe uccredosanue nokazano, umo gpaemenmol sonomoix mranet (X1-XVI 6. n.5.) cooepacam dsea muna
00beKmMo6: 3010MuUcmole CNUpPAibHble HUMU U XJIONbS C8emi020 yeema. B cocmase numetl ocnoenvim sie-
MEHmMOM ABNAMCA 30J10M0, 8 Mo 8pems kak xaonvs cooepacam C, O, Mg, Al, Si, P, S, Ag, CaFe. Ilpupooa
9MUX XJIONbEE 6 HACmosAuee epems He GvlscHeHa (603MOJCHO, ocmamKu 00excobl unu aaxa). Haruuue Rb 6
3010MbIX HUMAX C8UOEMENbCMEYEen 0 CYWecmeo8anue coOCmeeH ol 000blYU 3010MA U MEXHOI02UU e20 00-
pabomku na meppumopuu opegrnezo Kuesa. Omcymcmeue CU, komopas npucymcmeyem 6 Hauboiee cmapoi
mxanu, 8 obvexmax, npouzgedentvlx 8 X=XVl gekax H.3., modcem Oblmb C8A3aHO C YAyUUEHUEM MEXHONO0-
euu gvloenenuss 3o1oma. Paznuuue ¢ codepoicanuu snemenmos 60 6cex UCCACO08AHHBIX HUMSAX NOKA3blgaem,
YUMo OHU ObLIU NPOU3BEOEHbI 8 PA3TUYHBIX pecuoHax Opeshel Pycu.
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