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APPENDIX 1
Technical Analyses

MATERIAL RESEARCH OF SELECTED GANDHARAN
RELIEFS DEPOSITED AT THE NAPRSTEK MUSEUM,
PRAGUE

Richard Prikryl and Marek Chvatal

INTRODUCTION

Determination of source locality of stones used in antiquity 1s important
for dating and provenancing artefacts or for identifying copies. Many ap-
proaches are used including macroscopic appearance and microscopic
characteristics of stones (Lazzarini et al. 1980, Renzulli et al. 1999), quan-
titative fabric analysis (Schmid et al. 1999), geochemistry of major, minor
and trace elements of the whole rock by XRF (Rapp 1985), laser ablation
microprobe with inductively coupled plasma-mass spectrometry (Mallo-
ry-Greenough et al. 1999a), electron microprobe (e.g. Mallory-Greenou-
gh et al. 1999b, 2000), electron paramagnetic resonance spectroscopy
(Baietto et al. 1999), gamma ray spectrometry (Williams-Thorpe et al.
2000), isotopic analysis (Craig and Craig 1972; Herz 1985) or cathodolu-
miniscence (Barbin et al. 1992). The selection of appropriate method(s)
depends largely on the source rock genesis and composition, and on the
amount of material available for analysis.

This study presents results of material research of stone materials sam-
pled from selected Gandharan reliefs deposited at the Naprstek museum
of Asian, African and American Cultures (Prague, Czech Republic). Ma-
terial was sampled by the museum restorers. Due to the limited amount of
material, it was possible to conduct only X-ray diffraction measurements.
Three samples were supplied in sufficient amount to allow ordinary petro-
graphic examination of thin sections.
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MICROSCOPY

The stone fragments (about 2-3 mm in diameter and 5 mm long) were
cast in epoxy resin, sawed and standard covered thin sections were pre-
pared (Czech Geological Survey, Prague). These thin sections were ob-
served in optical microscope in polarised light mode. All studied samples
belong to low-grade metamorphic rocks with pronounced planar fabric
(metamorphic foliation) (Figures 1 and 2) due to the presence of platy
minerals like muscovite. Quartz and muscovite along with paragonite have
been found as major rock-forming minerals observable in optical microsco-
pe. The abundant opaque phase (20-30 vol. %) is probably due to the
presence of organic matter. Chloritoid is the most common accessory phase
in studied rocks although other minerals like hematite, magnetite, and spi-
nel can be observed as well. All rock-forming minerals show extremely
fine grain size.

X-RAY DIFFRACTION

X-ray diffraction (XRD) has been employed as the main analytical me-
thod to obtain data on mineralogical composition of studied objects. This
method requires only small amounts of material in comparison to other
analytical techniques.

The rock fragments were homogenised by powdering in an agate cup.
The measurement was conducted on DRON-2 difractograph (Institute
of Geochemistry) with following measurement conditions: radiation CuKa,
secondary monochromator, degree range 3° — 60° 20, step 0.05° per 3
seconds, voltage 30 kV, current 20 mA. The raw data were processed by
Bede ZDS 1.99 for Windows program (Ondrus 1997) employing diffrac-
tion pattern database PDF-2 (JCPDS 1999). The following ICDD cards
have been used: 33-1161 (quartz), 34-0175 (muscovite), 12-0186 (parago-
nite), 9-0701 (clinochlore), 25-0177 (titanite).

RESULTS
Based on the mineralogical composition studied by XRD analysis, the sam-
ples can be subdivided into two major groups — quartz-muscovite-parago-
nite schist and clinochlore schist (Figure 3). Quartz-muscovite-paragonite
schists contain small amounts of clinochlore. Variable colours from grey
to black of this rock type indicate presence of organic matter. As there
was not detected graphite by XRD, the organic matter is probably repre-
sented by less ordered or amorphous graphitised organic compounds. A
second group of samples (namely A203332, A 14407 and A12108) was
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Figure 1. Microphotograph of sample A12121 showing characteristic metamor-
phic foliation. Crossed polarised light, magn. 50x.
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Figure 2. Translucent areas of quartz and muscovite alter pale green-brown clino-
chlore and paragonite. Dark areas are due to the presence of amorphous graphite.
The high reliefrods are of chloritoid. Same sample as above. Plane polarised light,
magn. S0x.

67




2000

A 14209

m ... muscovite
1500 p paragonite
m q ... quartz

) G0

0 10 20 30 40 s 2 theta 60
3500 —
3000 (4 C
I
500 A 12108
¢ ... clinochlore
2000
1500 ¢
1000 ¢
(2
SO0
k JL N S = c
cc cc¢C C cC C
0 DA SR A
0 10 20 30 10 so 2 theta

Figure 3. Typical XRD patterns representing two major group of rocks employed
for Gandharan reliefs deposited at the Naprstek museum of Asian, African and
American Cultures in Prague.

found to be clinochlore schists composed by monomineral clinochlore oc-
casionally accompanied by titanite (sample A20332, Table 1). Presence
of magnetite grains that were observed during macroscopic inspection of
the samples (size up to 3 mm) was not confirmed by XRD.

Based on this analysis, it is not possible to state firmly if these two groups
represents two different source localities or just single source locality with
two different types of material. This should be confirmed by detailed pet-
rographical study of potential source locality(ies) in the future. Comparing
our results to the previously published data the studied samples can be of
the same provenance as carbonaceous quartz-chlorite-muscovite-chlori-
toid schists quarried in Swat area, north-west Pakistan (Cribb et al. 1992
and references therein).
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Appendix 2 Table. Mineralogical composition of studied objects based on XRD
data. +++1s for major phase, ++ stands for minor phase and + for accessory phase.

sample quartz muscovite paragonite clinochlore titanite
13618 +++ o+ iC
13 620 +++ et s S
113 623 S -+ e S
13 624 -+ St i e
16 601 G I e
45 985 et b = 4
A 12108 - i
A 12121 A +++ Gt i
A 14213 Tt Fb aLdl
A 14407 dLii
A 14408 g 4+ Jl
A 14409 +++ b AL L
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