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ABSTRACT A purpose of this research is to find out characteristic of bronze artifacts and gold ornaments excavated from
Xiongnu tombs No. 2~4 at Duurlig Nars in Mongolia through scientific analysis of them. The Tombs are comparatively
small. There were still lots of relics remaining although the tombs had been already robbed. Also the tombs are evaluated
important since the origin of them show coexisting of chinese and northern style. First of all, an analysis result about
bronze vessels found in this site, they have high lead(Pb) content and relatively low tin(Sn) content, as compared with
the Bronze Han Mirror and End-fittings of Bronze Parasol Rib. Especially in case of bronze tray and bronze lamp from
the no. 2 tomb and also bronze cauldron from the no. 4 tomb contain only 1wt% of tin which means binary alloy
composition(Cu-Pb). Also, in the case of gold ornaments found in the no. 2 tomb, they have comparatively high purity.
And the research suppose that the high possibility of that they were used soldering using alloy of Au-Cu or diffused
bonding(using malachite and copper oxide) for joining gold grains of gold granulation ornament. Further scientific

2= 12, 04, 12 / AXER 12. 05. 14 / A=<l 12. 05. 31



176 | 2E1eH3|X] Vol.28, No.2, 2012

research and analysis in Mongolia and other countries will provide more clues to solve mystery of Xiongnu culture.

Key Words: Mongolia, Duurlig Nars, Xiongnu Tomb, Bronze vessels, Gold ornaments, Granulation
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Table 1. The list of the analyzed bronze artifacts excavated from Duurlig Nars in Mongolia.

Site Artifacts Items Photo Remarks

Bronze mirror 1 Sample taken(destructive analysis)
A lump of bronze 1 Sample taken(destructive analysis)
Bronze kettle 1 Sample taken(destructive analysis)
Tomb
no. 2
Bronze tray 1 Sample taken(destructive analysis)

Nondestructive analysis

End-fittings of bronze parasol rib 1 Nondestructive analysis

Bronze lamp 1 ?
mm— :
==l

-
”fl(())m;? Bronze rings 2 Nondestructive analysis
Tl(())mllj Bronze cauldron 1 Sample taken(destructive analysis)

Table 2. The list of the analyzed gold ornaments excavated from Duurlig Nars in Mongolia.

Site Artifacts Items Photo Remarks

Gold ornaments

(granulation) Nondestructive analysis

Tomb
no. 2

Gold ornament(mounted with

turquoisc) Nondestructive analysis
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Table 2. continued.

Site Artifacts Items Photo Remarks
Gold ornament 1 Nondestructive analysis
Gold ornament 1 Nondestructive analysis
Gold ornament(shape of circle) 1 Nondestructive analysis
Gold ornament(shape of the sun) 1 Nondestructive analysis
Tomb Gold ornament 1 Nondestructive analysis
(shape of the moon)
no. 2
Gold ornament . .
(shape of rectangle) 1 Nondestructive analysis
Gold ornament 1 Nondestructive analysis
Gold nails 4 | Nondestructive analysis
Gold ornaments of coffin 10 Nondestructive analysis
Gold belt ornament 1 Nondestructive analysis
Tomb
no.3
Gold ornaments 2 Nondestructive analysis
Gold ornament 1 Nondestructive analysis
(shape of the moon)
Tomb
no. 4
Gold ornaments of coffin 6 Nondestructive analysis




Table 3. Analytical conditions.

I Model conditions
nstruments oce Voltage Current Count Distance
ortable uXRF Spectrometer,
XRF T AX,L;{E‘)n tec,pGemlany 50kV 600/A 100s 4mn
Hitachi 3500N, Japan/
SEM/EDS Kevex Superdry Usa 20kV 751 100s 15mn
Table 4. Chemical contents of each bronze artifacts. (Wt%)
. Anal. ;
Artifacts o Cu Sn Pb Sb Ag Zn Ni As Fe  Remarks
position
1 61.93 2687 9.50 0.75 0.33 0.20 0.20 0.05 0.02
Bronze 2 63.60 2529 9.66 0.60 0.37 0.13 0.22 0.07 0.04
mirror 3 63.40 2547  9.69 0.56 0.38 0.13 0.21 0.07 0.03
Average 6298 2588  9.62 0.64 0.36 0.16 0.21 0.06 0.03
1 64.08 2620 8.29 0.67 0.27 0.13 0.24 0.05 0.03
Alump of bronze 2 6434 26.12 8.17 0.62 0.21 0.05 0.18 0.07 0.10
3 64.36 25.71 8.41 0.59 0.31 0.13 0.22 0.06 0.01
Average 64.26 26.01 8.29 0.63 0.26 0.10 0.21 0.06 0.05
1 84.19 4.13 10.10  0.80 0.27 0.17 0.26 0.04 0.03
Bronze kettle 2 84.49 4.10 9.69 0.85 0.29 0.17 0.28 0.05 0.03
3 84.59 4.14 9.40 1.04 0.29 0.17 0.27 0.05 0.03
Average 8442 412 973 090 028 017 027 005 0.3 IT\%mg
1 82.76 1.02 1332 0.33 0.42 0.17 0.24 0.78 0.88
Bronze tray 2 82.19 1.01 13.71 0.38 0.53 0.17 0.23 0.78 0.97
3 84.80 1.02 11.03 0.48 0.51 0.17 0.23 0.74 0.96
Average 83.25 1.02 12.69  0.40 0.49 0.17 0.23 0.77 0.93
1 93.98 1.03 3.10 0.75 0.05 0.27 0.24 0.23 0.16
Blg‘;;l;e 2 9394 1.05 302 089 005 028 025 022 014
Average 93.96 1.04 3.06 0.82 0.05 0.28 0.25 0.23 0.15
1 80.08 1292 4.13 1.75 0.08 0.08 0.31 0.17 0.09
End-fittings of 2 81.18 1232 397 1.51 0.09 0.07 0.30 0.16 0.08
bronze parasol rib 3 79.86 12.75  4.61 1.65 0.08 0.08 0.29 0.17 0.14
Average 80.37 12.66 4.24 1.64 0.08 0.08 0.30 0.17 0.10
1 73.63 7.12 16.91 1.56 0.09 0.17 0.21 0.10 0.21
Bronze ring no. 1 2 7526  6.99 15.41 1.68 0.07 0.15 0.18 0.10 0.17
Average 7444  7.05 16.16 1.62 0.08 0.16 0.19 0.10 0.19 Tomb
1 80.93 6.14 10.74 1.53 0.06 0.16 0.20 0.07 0.17 No. 3
Bronze ring no. 2 2 74.58  6.28 17.07 1.41 0.06 0.14 0.20 0.07 0.19
3 80.93 5.99 11.11 1.32 0.06 0.14 0.20 0.07 0.18
Average 78.81 6.14 12.97 1.42 0.06 0.15 0.20 0.07 0.18
1 92.83 0.59 4.79 0.47 0.45 0.19 0.25 0.08 0.33
Bronze cauldron 2 93.07 0.58 4.77 0.49 0.23 0.19 0.27 0.07 0.31 Tomb
3 9294  0.61 4.86 0.51 0.23 0.19 0.26 0.06 0.31 No. 4
Average 9295 0.59 4.81 0.49 0.30 0.19 0.26 0.07 0.32
3. EMZI} U p& $2o) 4B B4 AIE Table 4] Uk WA 23

B 2E 572 Cu 62.98wt%, Sn 25.88Wt%, Pb 9.62wt%
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258 28 5732 S(#) B0 dEAv)Etn &
= 9l AS3(Cu 65.1~72.4wt%, Sn 21.0~27.6wt%, Pb
3.8~9.0wt%) Tk 7 AR A8 2488 283 lrkar oA
AH. HE I Cu 64.26wt%, Sn 26.01wt%, Pb 8.29wt%
o] FPER 3¢A o, FEYUEAIFTE ZE F
AT FARE AR 23S Bt o|25E FF A= 574
I Bo| e frEoletn we 4= e, 54
= Ao AYE AR ob ™ A T3 22 o]
2 570] Lo A &8 = o] ihEolz A 1A thsAl
AE8HA & 471 it

X Auko] =HE L Cu 83.25wi%, Sn 1.02wt%, Pb
12.69wt% ©| 3L, As, Sb, Ag, Nio] 1wt% u|gk A% -85
o] 9t A5 S22 Cu 93.96wWt%, Pb 3.06wt% 7} 34
£2l Cu-Pb¥] 2994 HFAFLE RIS T g
Sb, Ni, As, Fe, Ni S0] 1wt% n|qto. 2 AEE9jc} dabat
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Figure 1. The EDS result of granule.

Spectrum: 2HO-MATRIXI Range:20 keV.
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Figure 2. The EDS result of ring.
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Table 5. Chemical contents of each gold ornaments of Tomb No. 2. (Wt%)
. Anal. -
Artifacts .o Ti Cr Fe Cu Ag Au Karat(K) Remarks
position

1-solder 0.046 0.034 0.206 2.869 0.403 96.442 23.15

1-grain 0.074 0.092 0.081 0.135 0.456 99.162 23.80

Gold ornaments 1-ring 0.058 0.091 0.089 1.280 0.345 98.137 23.55
(granulation) 2-solder 0.051 0.144 0.164 2.696 0.358 96.587 23.18
2-grain 0.056 0.083 0.116 0.105 0.416 99.226 23.81

2-ring 0.068  0.095  0.108 1715 0398  97.616 2342
1-body 0.03 0.04 0.28 0.55 1510 8399 2016  mounted
Gold 1-grain 0.04 0.08 0.66 0.75 1482  83.65  20.08 with
ornament .
1-bottom 0.05 0.19 0.17 0.23 1498 8437 2025  turquoise
2-body 0.06 0.09 0.16 127 15.71 82.72 19.85
Gold 2grain 006 007 007 030 1592 8359 2006
ornament
2-bottom 0.03 0.08 0.15 0.24 1518 8433 2024
1 0.016  0.042  0.881 0200 10396  88.465
Gold 2 0.024 0081 0904 0248 10278  88.465
ornament 3 0.023 0059 1337 0206 10313  88.063
Average 0.021  0.061 1.041 0218 10329 88331  21.20
Gold 1 0.019  0.081  0.071 0217 24747  74.866
ornament 2 0.022 0064 0085  0.103 23766  75.960
(shape of 3 0.025  0.074  0.103 0298 24295 75205
circle) Average 0022  0.073 0.086 0206 24269 75344  18.08
Gold 1 0.024  0.064 0063  0.091 1.580  98.178
ornament 2 0.034 0077 0.046  0.105 1.623  98.115
(shape of sun)  Average 0.029 0.071 0.055 0.098 1.602  98.147  23.56
Gold 1 0.021  0.104  0.060  0.165 1.538  98.112
ornament 2 0.030  0.097 0143  0.113 1.619  97.998

(shape of moon)  Average  0.026  0.101  0.095  0.139 1579 98055  23.53
body-1 0042 0031 0122 0168  1.604 98033
body-2 0035 0095 0035 0102 1516 98218

Gold Average 0039 0063 0079 0135 1560 98.126  23.55
?Srﬁg;eg; pin-1 0020 0068 0103 0090 24071 75.649
rectangle) pin-2 0.040 0058  0.110  0.113 23536 76.143
pin-3 0024 0067 0066 0070 23719  76.053
Average 0028 0064 0093 0091 23775 75948 1823
1 0025 0065  0.118 0147 10220 89.426
Gold 2 0015 0059 0580 0147 10175  89.023
ornament 3 0016 0069 0083  0.168 10087 89.577
Average 0019 0064 0260  0.154  10.161 89.342 2144
1-1 0064 0015 0269 0072 0650  98.851
1-2 0084 0073 0329 0126 0619  98.771
Average 0074 0044 0299 0099  0.635 98811 2371
21 0071 0064 0213 0081 0757 98.814
22 0072  0.102 0429  0.134 078 98477
Go.lld Average 0072 0.083 0321  0.108 0772 98.646  23.67
(4‘;2;5) 3-1 0062 0111 0232 0145 0549  98.902
32 0075 0110  0.152 0062  0.667 98933
Average 0069  0.111 0192 0104 0608 98918 2374
4-1 0063 0070 0087 0089 0773 98918
42 0056 0089 0243 0155 0772  98.685

Average 0.060 0.080 0.165 0.122 0.773 98.802 23.71
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Table 5. continued.

Anal

Artifacts Ti Cr Fe Cu Ag Au Karat(K)  Remarks
position
1-1 0019 0079  0.029  0.159 3456  96.158
12 0023 0026 0281 0219 3594 95857
13 0030 0074 0068 0230 3431  96.168
Average 0024 0060  0.159 0203 3494  96.061  23.0
2-1 0018 0069 0206 0078  3.104  96.527
22 0027 0082 0258  0.35  3.133  96.365
Average 0023 0076 0232 0.107 3.119 96446  23.14
31 0019 0045 0046 0042  3.182  96.666
32 0015 0066 0059 0071 3218  96.571
Average 0017 0056 0053 0057 3200 96.619  23.19
4-1 0028 0078  0.117  0.195 4412  95.170
42 0026 0072 0079  0.169 4425 95231
Average 0027 0075 0098  0.182 4419 95201 22.85
5-1 0018 0056  0.106 0260  7.776  91.783
Gold ornaments 52 0.027 0068 0073 0200 9744  89.889
of coffin Average 0023 0062 0090 0230 8760 90.836  21.80
(10 items) 6-1 0017 0092 0089 0200 4529 95072
6-2 0.028 0062 0057  0.184 4396 95274
Average 0023 0077 0073  0.192 4463 95173 22.84
7-1 0025 0072 0048  0.107 0557  99.190
72 0.023 0095 0035  0.125 0583  99.142
Average 0024 0084 0042  0.116 0570 99.166  23.80
8-1 0010 0125 0028 0023 3208  96.606
8-2 0016 0057 0051 0055  3.180  96.641 Floral
ornament
Average 0013 0091 0040 0039  3.194 96.624  23.19
9-1 0.025 0047 0094  0.150  3.188  96.496
9.2 0019 0077 0088 0085 3200  96.530 Floral
ornament
Average 0022 0062 0091  0.118  3.194 96513  23.16
10-1 0021 0067 0216 0622 6933  92.140 Square-
10-2 0026 0070 0071 0745 6758  92.331 shaped
Average 0024 0069  0.144  0.684  6.846 92236  22.14  ornament
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Table 6. Chemical contents of each gold artifacts of Tomb No. 3 and 4. (Wt%)
Artifacts Anal. position  Ti Cr Fe Cu Ag Au Karat(K)  Remarks
0017 0071 0210 2832 7999  88.871
S;ﬁf:ﬁ 2 0011 0079 0316 2602 8165 88828
Average 0014 0075 0263 2717 8082 88850  23.55
1-1 0019 0071 0218 0371 7935 91386 IT\%mg’
Gold ornaments 1-2 0.024 0.069 0.249 0.343 7.653 91.663
(2 items) Average 0022 0070 0234 0357 7794 91.525 21.97
21 0.025 0081 0316 0360 7439 91779 2342
Coldomament =y 4011 0018 0035 0250 0683 45393 53.623  12.87
(shape of moon)
1 0.017 0034 0207 0345 17841 81555 19.57
2 0016 0033 0359 0382 18954 80256 1926 Tomb
Gold Omﬁfmems of 3 0022 0067 0343 0270 18425 80.872 19.41 No. 4
(6C(i’t£s) 4 0.034 0062 0257 0344 793¢ 91370 21.93
5 0.037 0037 2891 0213 18685 78137 1875
6 0057 0061 0647 0306 19943 7898  18.96

A DK EEE B8 P4 28[No. 5 L 10,
Wo 223 Upix] S YRR 3K ES B
J nRE A B Al Au 89.34w% 9 Ag
10.16wt%0] 11, Fex= 0.26wt% A= FHrEo] A%t &
SEL 214K 2 Stk FA) 23 2 47 B
Au7} 98 8wit 7t T8 AR BAE|glon] ol F

RN T2 HEo] ot e 7
B0 A S A9} H. gEHS 8
o] . 2, e 39A YIAEA AP HLHL WE S
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Qi WPolT). 2, 49§87l 7V £k 4SS

>
o

H FEYHED WY 23] HA dojuE=R
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ol & €70] & WY ZF EAES e ek
o, E2UEA 2T R EE Fg A9 W3 S+
b o] AL S 7HsAd ol EaL oA

8 AR (AR FAAES Au 88.33wt%, Ag
10.33wt% ©]1L, Fe7} oF 1wt% A% SFEJL, o=
202K2 Fel=gick 24 99 A FAHES Au
75.34wt%, Ag 24.27wt% 0|11, F4EE 18.1K o[t} 24
ook LA o] Z=ABO Ay 98.06wWt%, Ag 1.58wit% o],
Tk 235K otk A SR A2 Au 98.15wt%,
Ag 160wi% 7t 348 Ao BAElon, F RE
23.6K Z gl =it

AAZFE 9] FA) FAl BA) 2ol e Yo, F
o] FAHEL Au 98.13wt%, Ag 1.56wt% = ST 7}
23.6K 2 &2 §Ho] FA] £ 452 Au 75.95wt%,
Ag 23.78wt% 2 ZLE7F 182K 2 Witk 24 2 3}
211032 FEol meba o] HAE Hylov dizk
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