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Spectroscopy and Spectral Analysis
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1.2.1 ICP-MS/AES #% %% 4 #

SEHGE HE R HCR R R 7 Rk R DL R S A BE 95
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5
A

Yoy T B VR LA 1 L BB R T O BRE S SR 2
WRE G 2 mm, 28T Ok BE I i A SR 7S T BB 3 IR, TE
HEAR 110 °C T 3 h, AR5 FH 30 S8 AF 4 465 5% 0 B o AR IBUAY
RLBZ) 0.1 g0 A 5 mL AR (HE) F1 2 mL & &R
(HCIO, ), 60 CARI IR % . K # kL BE 42 = % 135 °C,
FERRE I, HEFRKTNIE. BE&FET/EM 5 mL HCL, &%
F 100 mL £ H . FIH ICP B AWM & T #4365 B A% & v 16
Moo s E, 5 Lis Cr, Ni, Cu, Zn, Rb, Sr, Y, Zr,
Nb, Cs, Ta, W, Pb, Ba il Ti, H:rf Ba fil Ti & &M X5
I ICP-AES il g . HARJCE M ICP-MS il 2 . ¥R F A il
LXMW RGTE., LR RAM ICP-MS B 5 & X Series 11
Thermo Fisher(USA), HI 4T3 % 1.4 kW, ¥ H S i & 16
L+ min ', G5 REHF AN TRA B[ 73 HE 5 i X, A
WHE 0.8 L « min ', ICP-AES #I 5 & Varian Vista AX
(USA), J#ish®R 1.4 kW, B F+S WG 16 L« min ', 4
A E 1.4 Lemin ', S E 0.7 L e min ',
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Fig. 1

The pictures of some samples from Xipo site

(a): Sample LXP-01 red pottery; (b): Sample LXP-13 yellow pottery; (c): Sample LXP-70 grey pottery;
(d): Sample LXP-95 red coating pottery; (e/f): Sample LXP-26/1.XP-29 black colored pottery; (g): Sample LXP-117 green frit
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F1 IHAEFERBMHIEAREFP 6 HMBUETENEE (pg- g ')
Table 1 The contents of 16 trace elements in the pottery bodies from Xipo site (pg + g=")

No. Kind Li Cr Ni Cu Zn Rb Sr Y Zr Nb Cs Ta W Pb Ba Ti
LXP-01 40 38.0 104.9 48.6 33.6 132.5 102.9 101.5 30.3 70.0 13.9 4.4 .6 1.2 27.4 568 4598
LXP-03  £IH 41.9 102.2 45.5 30.0 122.2 102.2 119.7 19.8 57.5 13.6 3.9 .5 1.1 25.3 801 4486
LXP-04 & H 44.4  99.9 43.3 30.2 120.8 101.5 129.8 22.2 57.4 13.4 3.5 0.5 1.0 23.9 774 4451
LXP-08 41y 45.2 102.8 42.6 29.9 115.1 98.9 97.6 20.0 43.3 13.3 3.5 0.4 0.9 22.4 592 4520
LXP-09 #LJzFg  41.2 91.4 40.9 33.5 131.3 94.1 160.8 15.9 56.9 12.2 3.1 0.5 0.9 21.7 939 4179
LXP-10 #T/%M  39.2 101.9 41.0 29.1 120.3 94.4 162.0 20.8 48.3 11.5 3.2 0.7 0.9 22.5 963 4098
LXP-11 | 48.6 100.5 47.0 34.7 129.0 105.4 85.6 21.5 49.2 13.5 4.5 0.6 1.2 259 580 4 821
LXP-12 HJKFg  40.5 94.0 40.6 30.9 115.9 91.3 174.0 16.3 55.3 10.8 3.4 0.4 1.0 20.6 808 3983
LXP-13 #{@M  36.2 84.2 36.7 30.0 116.0 94.9 209.1 16.0 43.4 9.7 4.0 0.4 0.8 21.1 689 3918
LXP-15 410 46.0 90.0 43.3 33.2 150.0 110.5 147.9 17.9 42.2 11.5 4.9 0.5 1.1 21.8 801 4757
LXP-18 41 46.5 91.4 43.8 33.1 143.9 111.4 143.0 17.3 43.0 11.0 50 0.5 1.0 22.1 731 4553
LXP-21 #[jFg  37.4 98.6 42.6 30.3 118.7 93.1 132.2 25.0 62.4 11.2 4.4 0.5 1.3 26.0 807 4434
LXP-22 MJKFg  34.1 91.4 38.8 27.8 111.6 94.0 181.4 20.1 49.9 11.7 3.2 0.5 1.1 21.0 1002 4242
LXP-24 #Lf&M§ 51.8 100.6 40.1 27.2 111.6 89.9 171.7 17.3 60.7 11.3 3.5 0.5 1.0 21.2 964 4173
LXP-25 #Ja%M  46.3 98.4 45.5 36.7 140.0 116.3 179.1 17.6 43.9 11.9 52 0.6 0.9 23.2 695 4510
LXP-26 £IJi% M 45.4 90.6 42.2 26.2 111.1 95.8 89.2 20.1 41.4 12.6 4.1 0.5 1.2 22.7 558 4668
LXP-27 Zf%Wd  45.6 99.5 44.2 33.8 136.6 118.4 139.7 18.4 48.7 12.8 4.5 0.5 1.2 22.5 640 4744
LXP-28 #Tz%M) 41.1 86.6 37.4 25.1 120.6 77.3 163.7 17.8 53.6 11.0 3.2 0.5 1.1 21.3 987 4091
LXP-29 #J%M 40.4 91.5 43.7 27.4 141.1 116.7 186.3 17.5 39.4 11.6 5.8 0.6 1.2 21.7 841 4453
LXP-30 Z[fz %M 35.1 92.8 42.1 30.1 128.0 87.4 174.0 22.0 57.8 9.3 3.8 .5 1.0 226 1042 3750
LXP-31 ZfE%K  49.1 103.2 41.0 30.0 124.9 90.1 96.6 21.7 47.7 12.5 4.7 .5 1.3 24.2 520 4100
LXP-40  £TFg 39.0 84.2 37.5 34.5 128.4 100.4 223.4 15.4 43.4 10.7 4.2 0.5 1.1 20.0 616 4134
LXP-41 HJKM  45.9 99.5 46.4 24.4 121.2 105.3 87.4 22.2 56.3 13.6 5.0 .6 1.4 25,7 544 4854
LXP-42 KM 44.4 100.6 42.8 26.1 128.8 99.3 109.0 21.7 44.3 13.5 4.7 0.5 1.3 24.2 599 4641
LXP-53  4IW 44.1 94.3 45.4 34.4 134.5 121.6 124.7 16.8 39.3 13.1 5.1 .5 1.2 23.0 526 4477
LXP-54 HJKFg  47.9 121.5 52.9 27.9 145.2 109.9 78.3 25.1 53.3 14.0 5.6 0.5 1.4 33.1 571 4888
LXP-55 SHJKM  47.9 100.0 44.1 29.1 115.0 96.4 96.4 19.8 46.0 13.5 4.2 .5 1.2 22,3 622 4703
LXP-61  £IF 40.8  96.2 44.2 34.1 128.0 122.7 94.6 18.7 46.3 14.3 4.9 .6 1.3 22.4 670 4913
LXP-65 MJKF)  80.9 128.5 62.4 28.0 189.0 129.3 110.9 31.3 92.7 17.5 81 0.9 1.9 36.6 584 4725
LXP-66 HJKFg  72.8 112.8 52.5 34.2 185.7 133.6 144.2 27.8 63.7 17.9 6.6 0.9 1.6 29.9 660 4608
LXP-67 K 64.9 104.5 52.0 38.2 189.2 141.2 130.2 20.3 5.3 17.2 6.8 0.8 2.7 28.6 573 4561
LXP-70 MJKM  60.3 96.9 45.0 29.2 165.4 125.9 132.8 21.5 70.4 187 58 0.8 1.6 28.2 650 4731
LXP-72 W 61.3 102.2 49.0 32.4 180.0 122.4 222.7 16.1 60.0 15.5 4.9 0.7 1.8 26.0 1163 3900
LXP-76  4IW 83.3 123.9 57.0 36.5 182.2 130.3 127.9 29.1 8.2 17.3 6.5 0.8 1.5 33.8 613 4539
LXP-77 ZIf %M 62.7 98.0 48.2 37.1 175.0 115.9 227.3 22.8 154.5 16.2 4.5 1.2 1.7 27.7 1127 4225
LXP-80 #rj&Mg  61.7 97.5 46.9 37.4 174.2 112.1 221.7 20.6 71.8 16.2 4.5 0.7 1.2 27.2 1133 4301
LXP-82 18K 51.6 100.0 50.3 33.6 181.0 114.6 197.7 23.1 77.4 15.5 4.5 0.6 1.2 28.4 861 4 140
LXP-83 K 51.7 90.0 49.9 36.9 95.0 137.5 141.3 24.5 80.0 16.3 5.4 0.6 1.4 28.7 651 4444
LXP-90  £IHy 67.9 100.0 50.0 37.2 184.5 142.6 131.7 17.8 5.2 17.4 5.7 0.7 1.4 28.7 524 4801
LXP-91 MKMW 58.7 89.2 481 35.2 180.0 137.0 132.3 15.5 61.5 16.8 6.2 0.7 1.5 28.4 570 4621
LXP-95 4LFFg  64.5 100.0 45.3 40.2 177.1 109.7 210.9 15.8 74.7 15.3 4.0 0.5 1.1 26.4 1053 4293
LXP-96 K 68.7 102.0 50.8 39.3 209.3 153.1 194.5 16.0 45.0 17.3 6.0 0.6 1.3 28.5 558 4588
LXP-98 #@@M 57.8 90.2 41.5 30.5 180.4 122.9 272.9 12.0 48.5 13.0 3.7 0.4 0.7 20.7 596 3635
LXP-100 MJKFg 56.1 90.0 48.2 30.8 171.6 115.7 226.4 19.4 80.0 15.3 3.9 0.5 1.2 26.2 780 4100
LXP-102 HJKFg 72.1 101.0 49.4 32.7 173.5 126.6 121.7 20.2 75.0 186 5.2 0.7 1.4 26.9 514 4757
LXP-103 £[fK  52.2 85.0 47.9 40.0 171.1 116.8 190.0 15.2 85.0 15.6 4.9 .6 1.3 28.4 832 4306
LXP-104 #LJFg  55.0 107.8 51.0 36.1 178.0 129.4 178.6 18.9 88.7 17.1 4.8 .6 1.4 30.8 800 4559
LXP-105 MBJKF  44.1 84.1 47.0 32.0 194.3 135.1 193.1 14.4 70.1 16.4 5.1 0.7 1.4 26.4 939 4499
LXP-111 MJKM  47.8 96.7 49.7 32.2 172.7 125.6 166.7 22.6 79.4 16.5 4.9 .6 1.3 30.2 626 4345
LXP-112 MJKMJ  62.6 107.0 52.3 31.3 194.9 133.3 134.9 23.4 844 17.7 5.4 0.6 1.4 30.6 508 4584
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Fig. 2 The two corresponding analysis diagram of

the trace element in the pottery bodies
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Table 2 The factor contributions of F1 and F2 in Fig. 2

5 Fl F2
Li —0.003 618 0.014 737
Cr —0.003 712 0.001 476
Ni —0.002 895 0.005 025
Cu 0. 000 792 0.004 447
Zn 0.001 031 0.026 508
Rb —0.006 216 0.015 002
Sr 0. 037 050 0. 025 874
Y —0.003 536 —0.000 970
Zr 0.009 337 0.014 386
Nb —0.002 299 0.005 385
Cs —0.002 984 0. 002 850
Ta 0. 000 097 0. 000 956
\4 —0. 000 826 0.001 143
Pb —0.002 635 0. 004 754
Ba 0. 085 877 —0.015 830
Ti —0.040 333 —0.010 730
Ty 22 BITHE 69. 88 86. 39

A . B AL Ba-Sr A1 Rb-Zr JC % 1 #UA 43 1 43531
W 3Ca) F(b) IR .
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Fig. 3 The scatter analysis diagram of (a) the Sr-Ba and (b) Rb-Zr in the pottery bodies
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T3 X VG 4 3 ik o P ES REE F B, VG Mgk R R
R EER AT A W R R 28
JiF 06 AN R B RE A . LXP-26 S 3K R R O OB B A, N
e, H AT BRI R T G SR A LT LXP-29 K
W LA AR AR TN, SMUE 1Ce/DFTR.

32 I L R T R 3 T A A i R AT S0 A A O 5 R SRR
Sy SR HIE 4Ca D) FE 5Ca, b R,

M 4 FNE 5 7T LLA H o 3% P94 BE i B0 45 4 B
XA FRaM, BEARE 100 pm, hFHPETR SRS, ¥
B R B s . LXP-29 o & P K Wokifedn, e Pk y
B KRBT Y. 35 FHETFHE M RETE A, Xt 2BOE A 1 B S
PEATA3HT . S5 HANIE 6, 18 7 FIFE 3 iR,
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Fig. 4 The microstructures of sample LXP-26

(a):

(bh):

The difference between black paint and body (X 100);

FHBAL T EE A8 (X 500)

(b): The microstructure of the black paint ( X500)
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Fig. 5 The microstructures of sample LXP-29
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Electron Image 1

6 LXP-26 B Fix$t EDS

(bh):

The difference between black paint and body (X200); (b):
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The big mineral particles in the balck paint
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Fig. 6 The EDS result of sample LXP-26
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Table 3 The chemical compositions of black paint

LXP-26 spectrum2 LXP-29 spectruml

Al Oy 1. 08 1. 55
g TR B 600 X 600 um) H A2 41N 4 BR SO, 415 4.66
DA 2R Y 5 SR T LA L R S S R SR K0 099
s P 2 Ve P N e A 1 1 4 o CaO 2.09
R IR 6 B R AE AT A DL (FLR AR B o BEADAR AR (R 45 Nﬂ) s
. . u X . n .
 HURFAE 5 500 R R A 222 590 . 0 — 35 A5 X N . 0 s
HIAT B PT. NE 9 BT LG . &R 3
e agEk, ARERM. Kb REaERBAT Y, &F
e Spectrum 1
0
e
AISi § "
[ : A
T T T T T T T T T o T
0 1 2 3 4 5 6 7 8 9 10)
— toopm Electron Image 1 Full Scale 404 cts Cursor. 0.000 keV|
7 LXP-29 BB FiR$t EDS i D & R
Fig. 7 The EDS result of sample LXP-29
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233.50 RMX| 320 | Magnetite
8 LXP-29 EX KB ABA T B Raman i 4 47
Fig. 8 The Raman spectrum of the iron particle in the black paint of sample LXP-29
% 4 EDXRF Uik 5 & & B R L F AR EIE (Wth)
Table 4 The chemical compositions of green frit by EDXRF
Na; O MgO Al; Oy SiO, K, O CaO TiO, Fe, O MnO P,0s
LXP-117 1. 39 2.00 12. 84 65.73 3. 06 10. 45 0. 40 3. 14 0. 05 0.07

10 B RE TG X AT R W . OBURLT ) 5% B D A 3L T 1 £
FFRAR SRR AL R CaO Fl MgO 3 ik B, BARZE R A 11
M5 FR .

i TR AL 2 D i XA R AR @ R A AT 0 . 18] 12

HIE5 SRR, BT AN, 42 & ¥ A (diopside) ,
RO — RS0, FIEH N CaO 25.9%, MgO
18.5%, SiO, 55. 6% . IREH /> ALO, — ik 1% ~3%, 7]
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Table 5 The chemical composition of the bar-shaped

white crystals in sample

LXP-117 MgO AlO; SO, K,O CaO TiO; FeO
SRR, 9.65  5.59  50.44 3.06 25.01 0.51 8.81
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Fig. 9 The microstructure of sample LXP-117
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(a): The bubbles in the sample (X50); (b): The big mineral particles and white crystals in the sample (X 500)
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Fig. 10 The EDS result show that the grey particle is quartz (SiO,)
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Fig. 11 The EDS result of the bar-shaped white crystals
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Fig. 12 The Raman spectrum of the bar-shaped white crystals
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Spectroscopic Analysis of Relics Unearthed from Xipo Site
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Abstract At present, spectroscopy analysis has become an important technical means to support the development of archaeome-
try, and has played an important role in origin research, coloring mechanism, dating analysis, etc. The Xipo site in Lingbao cit-
y. Henan Province, with its rich Yangshao culture remains, has been identified as one of the first-choice sites for “the explora-
tion of Chinese civilization”. Lingbao area is the central area of Miaodigou type of Yangshao culture, which may correspond to
the archaeological culture sites in the Yellow Emperor era. Therefore, many archaeological experts believe that the exploration
and excavation of Xipo site will help discover the mystery of the origin of China’s 5 000-year-old civilization. Xipo site is also rich
in unearthed relics, including pottery, jade, stone tools, and some special green frits, which predate the appearance of proto-
porcelain glazes by more than 1 000 years. This study uses ICP-MS/AES, EPMA, Raman spectroscopy analysis techniques to
analyze 50 pieces of pottery and 1 piece of {rit unearthed from Xipo site in Lingbao city, Henan Province. The pottery unearthed
at Xipo Site is mainly red pottery and brown pottery. At the same time, there were painted pottery, red leather pottery (pottery
with red coating) , yellow pottery, black ash pottery, etc. Previous studies mainly attributed different colors of pottery to differ-
ent firing atmospheres, and did not discuss the source of raw materials for different types of pottery. Based on the measurement
of 16 trace elements in argillaceous pottery and multivariate statistical analysis, the source characteristics of different kinds of
pottery are discussed. At the same time, the microstructure of some painted pottery and the phase compositions of black color
were studied, and the structural characteristics of green frit unearthed from the site were analyzed. The results show that the Ba
content in the raw materials of the clay used in most pottery with red coating is relatively high, which is different from other pot-
teries and may have a special source of raw materials. Magnetite is the coloring mineral raw material for the black color on the
painted pottery surface. The chemical composition of the green frit is close to that of the proto-porcelain except for the low man-
ganese and phosphorus content. These results provide a scientific basis for understanding pottery making techniques and social
production in Yangshao period. The study shows that the combination of various spectroscopic analysis techniques based on ele-

mental analysis and structural analysis has achieved remarkable results in the research of archaeological materials.
Keywords Xipo site; Pottery; Frit; Trace element; Composition and structure
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