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Abstract: Jinsha Ruins Site, Chengdu, China, spanned the age from late Shang Dynasty to West-
ern Zhou Dynasty (B. C. 1200—B. C. 650), was generally considered as the inheritance of Sanxing-
dui Culture. This paper focuses on the studies of the pottery unearthed from Jinsha. PIXE and
RBS experimental setup was preliminarily established and these techniques were employed to find
the elemental composition of those collected shards. From the results of factor analysis, the differ-
ences can be seen among pottery shards from different stratums, which may suggest that the clay
gathered from different sites was used in different periods. The authors also found that there was
no obvious assemblage phenomenon in the factor analysis among the pottery shards from different
pits, this may be the evidence for “no special clay for special use”.
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Introduction

which was just after the age of Sanxingdui Culture.

The Jinsha Ruins Site, only 5 km away from
the downtown of Chengdu, China, discovered in
2001, was generally considered as the inheritance
of the 38 km far away Sanxingdui Culture after 8
year excavation, In the 3 km” relics area, there ex-
ists a lot of ancient remnants, such as the base ad-
dress of large buildings, large-scale festival area,
residential area and graveyards. All these suggest
that Jinsha was the capital of ancient Shu Kingdom
and was another political, economic, religious and
cultural center after Sanxingdui Culture. Jinsha
Ruins Site covered the age from late Shang Dynasty
to Western Zhou Dynasty (B. C. 1200—B. C. 650)

*  Received date: 4 Mar. 2010; Revised date: 24 Mar. 2010

The research about Jinsha relics can help archaeol-
ogists to understand the history of Sichuan or even
the whole China"'’.

Together with the precious gold, copper,
jade, stone wares and tons of ivory, numerous
pieces of pottery were also dug up from earth™.
As artifacts for daily use, the pottery has a lot of
important information, for example, the informa-
tion contained in the pictures drawn on the surface
of pottery and the level of handicraft of that age re-
presented by the quality of pottery and so on. In
this paper, we focused on the studies of the ele-

mental composition of these pottery shards. By
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studying the elemental composition in pottery or
porcelain, much information of ancient ages can al-

17

so be revealed” ', At the Jinsha Site, the pottery
pieces were collected from different stratums and
different pits, this means that they were made at
different ages and maybe for different purposes. If
the pottery shards from different stratums have the
same or close elemental composition, it can be told
that the ancient people of Jinsha always obtained
pottery clay at one site all the hundred years. On
the contrast, if different elemental composition
was found, it can be told that there were two or
more clay gathering sites for the ancient people of
Jinsha. For those potteries from different pits,
whether or not they were made of special clay be-
cause of their special use, such as being used in
sacrifices, could also be answered in such a study.

Ion beam analysis techniques (e, g., proton
induced X-ray emission(PIXE) )%, instrumen-
tal neutron activation analysis(INAA)Y ¥ and X-

1 are often

ray fluorescence analysis ( XRF )17
used to determine the elemental composition in
pottery shards. In this paper, PIXE technique was
employed to obtain the contents of Mg, Al, Si, K,
Ca, Ti, Fe, etc in the pottery shards unearthed in
the Jinsha Ruins Site while Rutherford backscatter-

ing analysis(RBS) technique was used to determine

the matrix elements.

2  Samples

Twelve pieces of pottery were chosen for the
present study. They were taken from several dif-
ferent excavation pits and four different archaeo-
logical stratums'?. We prepared seventeen sam-
ples from these shards, and the details were given
in Table 1. Sample Nos. 1 and 2 are the outside
layer and the inside layer of one piece of pottery,
and so are Nos. 3 and 4, Nos. 5 and 6, Nos. 7 and
8, Nos. 9 and 10. See that these five pieces of pot-
tery have a difference in color between the outside
and the inside layers, they are divided into two

samples for each, i. e., an outside one and an in-

side one. In the “excavation pit” row, capital T
means probe gird. The capital H means ash pit,
where the ancients put their trash in. M means
burial pit, Y means kiln remains, and G means fu-
nerary objects channel. The number of stratum
means the earth layer where the samples were un-

earthed. The bigger the number is, the older the

pottery is.

Table 1  The sample information
Sample ) ) Outside/
number Excavation pit Stratum Color cide
white
No. 1 T7676-7575 6 outside
and gray

No. 2 brown inside
No. 3 M2471 5 orange outside
No. 4 brown inside
No. 5 H6638 6 brown outside
No. 6 dark brown inside
No. 7 H6711 5 white outside
No. 8 gray inside
No. 9 G426 5 white outside
No. 10 gray inside
No. 11 H6466 1 black none
No. 12 H6638 6 brown none
No. 13 Y206 5 brown none
No. 14 H6466 1 orange none
No. 15 H2471 5 black none
No. 16 H6432 7 brown none
No. 17 Y206 5 black none

All the samples were made by the following

stepst®.

Firstly, it was necessary to wash off the
superficial mud and other contamination in an ul-
trasonical cleaner. Ethanol was used to clean the
surface after the shards were dried in an oven for
about 12 h. Secondly, for the “two samples”
shards, the outside layer was scraped down by a
knife lightly, and the powder was carefully collect-
ed. For the other shards, we put them into an ag-
ate mortar and crushed carefully. At last, after
some large pebbles were removed, the remaining

powder was pressed into disks with a diameter of

15 mm. In all this process, ethanol was used to
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clean the used tools and avoid sample pollution.

3 Experiments

The 2 MeV collimated proton beam was pro-
vided by the Van de Graaff accelerator at Institute
of Nuclear Science and Technology, Sichuan Uni-
versity. In this study, PIXE and RBS experimental
setup was preliminarily established. All samples
were analyzed in a 2 X107 Pa target chamber. The
beam direction was vertical to the surface of sam-
ples. A semiconductor Au (Si) barrier detector,
placed in the target chamber, was used to obtain
RBS spectra at an angle of 160° with respect to the
beam direction. On the other side of the beam at
an angle of 135°, there placed a Canberra X-PIPS®
detector (25 pm beryllium window, active area 5
mm®) with a resolution of 185 eV at 5.9 keV to
detect the X-rays emitted from the samples. There
was a 9 pm Mylar film between the vacuum cham-
ber and the X-PIPS® detector. The two detectors
and the beam direction were on the same plane as
shown in Fig. 1. As we know, the conventional X-
ray detector for PIXE measurements has lower ef-
ficiencies for detecting light elements (Z << 13),
therefore, in this studies RBS was employed to
find if the light elements existed and at the same
time to determine the matrix elemental composi-
tion. The beam current was adjusted to keep a

appropriate counting rate . The RBS spectra were

Au(Si) detector

Target
samples Incident

beam

Fig. 1 Experimental arrangement inside the target chamber.

fitted by SIMNRA code™®, and the relative chemi-

cal composition in the samples was calculated by

the program GUPIX95M,

4 Results and Discussion

A typical PIXE spectrum from a sample is
shown in Fig. 2. Several peaks which correspond to
Al, Si, K, Ca, Ti, Mn and Fe elements can be
seen in this figure. From the measured PIXE spec-
tra of samples the relative chemical composition in
the samples are obtained. Fig. 3 shows a RBS spec-
trum which represented the information from the
same point of the same sample where the PIXE
spectrum was obtained. We can see several steps in

Fig. 3. From the right to the left, they correspond

100 ¢

Counts (X 10%)
=

E/keV

Fig. 2 A typical PIXE spectrum with 2 MeV protons of a

pottery sample from Jinsha Relics.
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Fig. 3 A typical RBS spectrum with 2 MeV protons and the
SIMNRA fit result of a pottery sample from Jinsha
Relics.

to the Fe, Ti, K and Ca elements, Si and Al ele-
ments, and the last two steps are both caused by O
element. The program SIMNRA can provide per-
fect fits to the spectra. After the analysis by using

SIMNRA code, we can know how much O elemnet
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were contained in the samples, and whether or not
there existed other light elements in the samples
and we can also know the approximate contents of
other heavier elements in the samples. These ele-
ment contents can be used as matrix element con-
tents which will be employed in the PIXE analysis.
It should be explained why the O element caused
two steps in Fig. 3. In the fitting process, we
found that the concentration of O element is not al-
ways distributed homogeneously from the surface
to the inside part. We divided the surface into 3
layers, and found that the first and third layers
contained less O element than the second layer
(about 6% atom concentration less than the second
layer). The most possible cause is that firstly the
samples were prepared by pressing the dry pottery
powder into disk shape, and then the sample sur-
face will absorb the moisture in the air. When the
samples were placed into the vacuum target cham-
ber, we believed that the moisture contained in the

sample surface could be partly pumped out. There-

fore, the inhomogeneous distribution of the O ele-
ment on the sample surface was formed. The ele-
ment contents in the samples such as Si, Al, Fe,
Ti, K, Ca and O are more accurately calculated by
the GUPIX95 program (in 10~ %). The final results
are shown in Table 2, all elements are given in ox-
ide form. From Table 2 it can be inferred that SiO,
and Al, O, take a large part of the mass of the sam-
ples, this is consistent with other experimental re-

8] The existence of Fe and Mn is just the evi-

sults
dence why the pottery appeared orange or black.
For the five “two layers” samples (i. e. , samples
Nos. 1—10), main element contents of inner and
outer layer is very similar, with the exception of
samples No. 3 and No. 4, whose contents of Al, O;
and Fe, O, are different to some extent. In addi-
tion, for improving the detection for high-Z trace
elements, in the future we will plan to use a dual-

20 or try to use a so-called “funny

detector system

filter”t2

Table 2 The chemical composition measured by PIXE and RBS of all the 17 samples wt. %

Al O3 SiO; P2 0Os5 K;O CaO TiO, MnO Fe; O3
No. 1 32.68+0.53 54.09+0.80 0.84+0.08 75+0. 30 .7840.10 5240.30 0.04+0.01 7.2840.31
No. 2 30.4640.64 54.5540.83 1.0140.11 2240.24 .0840.08 56+0.21 0.04740.02 8.08=+0.42
No.3  31.91£0.50 48.50£0.92 0.37%£0.03 2840.17 0.90+0.16 8640.16 0.084+0.02 14.1240.51
No. 4 42.1340.91 44.9640.77 0.40740.02 26+0.09 .0240.13 3540.24 0.024+0.01 8.86%40.26
No. 5 34.1040.78 49.0340.86 1.25740.06 4940.12 .8240.04 50+0.22 0.0440.01 8.76+0.31
No. 6 32.8040.44 51.3340.72 1.5140.04 64-+0. 29 .1440.09 4540.14 0.124+0.02 7.0140.20
No. 7 37.427+0.52 47.33+0.87 0.68+0.04 52+0. 14 .8840.11 1940.23 0.09+0.01 8.5940.27
No. 8 35.9240.67 47.2740.64 1.4540.10 69+0.21 .2840.06 67+0.20 0.1840.01 8.54+0.24
No. 9 40.014+0.92 46.934+0.84 0.52+0.08 55-+0. 32 .6140.13 42+0.22 0.034+0.01 6.9240.31
No.10 36.5140.75 47.724+1.13 1.61£0.06 92+0.18 .3240.11 65+0.11 0.084+0.02 7.19+0.16
No. 11 33.9540.60 49.3040.52 0.4540.02 94+0. 29 .2540.08 3340.17 0.40+0.03 10.37+0. 26
No. 12  34.9240.74 48.2240.85 1.2840.03 78+0. 21 L7140.17 0340.08 0.14+0.01 9.9140.18
No.13  34.16740.52 47.34740.98 0.5740.04 59+0.19 .05+0. 21 374+0.12 0.11+0.02 12.81+0.22
No. 14 33.89+0.68 46.48+0.86 0.89+0.03 20+0. 23 .1440.02 2840.13 0.134+0.02 13.99+0. 34
No. 15 31.6740.54 48.3941.05 0.23740.04 75+0. 16 .4540.16 0940.03 0.88+0.05 13.55+0.32
No.16  34.1640.71 45.6440.64 0.8240.02 73+0. 24 .2640. 14 46+0.20 0.25£0.01 13.68%£0.19
No. 17  31.9940.32 50.7840.87 0.48=+0.11 0240. 22 L4140, 21 18+0.11 0.3040.03 10.85%40.20
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Because as many as 9 elements were found in
these samples, it is not easy to compare the sam-
ples with each other if no further analysis is adopt-
ed. Here a factor analysis are performed for all
these elemental composition. Fig. 4 shows the re-
sults from a factor analysis. The factor number is

reduced to two, which are shown as follows:

F, =0.024A1,0; + 0. 456Si0, + 0. 830P, O; +
0. 755K, 0+ 0. 284Ca0 + 0. 477Ti0, —
0.544MnO — 0. 798Fe, O3 »

F, = —0.835A1,0; + 0. 511Si0, +
0.132P,0; + 0. 232K, 0 +
0.665Ca0 — 0. 394Ti0O, +
0.629MnO + 0. 247Fe, O, ,

2+ 6
2
15 17 12 s
N a a 10
A
5 11 WS oa
5 Of 16
< 145813 7
= 24 a
9
A
—2r  a Samples a,
1 1
-2 0 2
Factor 1

Fig. 4 Result of factor analysis.

At first, we classified these points by the stra-
tums as shown in Fig. 5. It can be seen that the the
shards from the stratum 5 mainly occupy the lower

right part . The points of stratum 6 points of are

4 Stratum 1 e Stratum 6
2F = Stratum 5  + Stratum 7
~ * « . %
b=t *
=] A L4 *
g T
9 4 T x *
*
2k
*
1 1
-2 0 2
Factor 1

Fig. 5 Samples classified by stratums.

located on the upper right part while the points of
other stratums stay in the middle. So we can find

out that the shards from the same stratum have a

close composition, and to the shards from different
stratums there is clearly a difference in elemental
composition, which maybe suggests that in differ-
ent periods of Jinsha culture the ancient people
didn’ t gather clay for pottery manufacture from
the same site.

In Fig. 6, we also classified all the seventeen
samples into five groups by the kind of pits in
which they were found. The samples of Nos. 5, 6,
7, 8, 11, 12, 14, and 16 were from ash pits, the
samples of Nos. 13 and 17 were buried in a kiln re-
mains, the samples of Nos. 3, 4 and 15 were found
in burial pit, the samples of Nos. 9 and 10 were
dug out in a funerary objects channel, and the sam-
ples of Nos. 1 and 2 were excavated in a probe
gird. From Fig. 6, it can be seen that there is no
obvious assemblage phenomenon. The points from
all kinds of pits were interspersed with each other,
this maybe can be understood in a way that at the
time of Jinsha there was no special clay for special
use, i. e. , there was no clear distinction between
the potteries used for daily life, sacrifice, mortuary
objects or other kinds, and they were all made

from the same clay.

o Ash pit # Kiln remain # Burial pit
ot Funeral objects channel & Probe gird
o
A
(@] ° * o °
5 of ° s
Q o
£ e o
+
—2F
3
1 1
-2 0 2
Factor 1

Fig. 6 Samples classified by pits.
S Conclusion

In the studies presented in this paper, the
chemical composition of seventeen samples excava-
ted from Jinsha Relics in Chengdu was compared
with each other. It was found that the pottery
shards from different stratums have different ele-

mental composition, which maybe suggested that
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the ancient people of Jinsha Relics collected differ-
ent clay at different ages for producing the pottery,
and that there was no clear distinction between the
potteries used for daily life, sacrifice, mortuary
objects or other kinds. The studies performed in
this paper are preliminary, we still need more pot-
tery samples and conduct more systematic re-

searches.
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