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Spectroscopy and Spectral Analysis
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Fig. 1 Photos of representative samples
(a), (b), (d),

Taishan jade materials; (g): Unearthed ancient jade, 50 X (reflected

(e), (h): Unearthed serpentine jades; (c), (f):

light) ; (i) : Microphoto of magnetite in Taishan serpentine jade by re-
flected light
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Fig. 2

Infrared spectra of serpentine jade unearthed from Dawenkou culture (p-FTIR)

(a) : Ultrabasic type serpentine jades unearthed from Dawenkou site; (b): Dolomite type serpentine jade unearthed from Dawenkou culture;

(¢): Ultrabasic type serpentine Jades unearthed from the other Dawenkou culture sites; (d): Taishan jades
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SO LLANGTE WS IRFAE 5 565 em ' T 4 W2 i3 0 )1 R
Jy Mg—O TR A il R sh B2, Py FRAE 5 it i 50 7 404
LR — 2. 484 em 'y Si—O Ffi R F. Si—O— Mg,
Mg—O #z3) K OH F3h# & 7 A4 . 34 HE & (flhn, B B3R,
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Si0,, MgO #17> # Fe,O,, H 1 SiO, & & K 34.23 ~
53. 4850 (¥MA 44.09%) , ¥{E L WE BUH MBI {H 43. 36 Y0 I
W& s MgO & it 21,56 % ~44. 77% ($){8 36. 91%) , Wk
F e SA BB ME 43. 63205 BR T AN B 5 5000 R 22 09 5L
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FR G I BOA R A B R 2R, 25 4 B & s 36 A9 I 9K 45
R EHEHAPA: 48 T EMEA e 80s
A (S-type, serpentine type, ¥ M1005: 3, M1006: 4,
M1013:12, M20.:3, M11, T333:2BD.2, M49.04), 4 4]
JB TR T 0k TR ko ik 32 AR BT R AL 8 A & e AL (D-type,s
dolomite type, fU4% M2004:1, B BIFR, M25, M26.13), H
A L E AR Cr & 240~1 143 pg - g ',
IR 760 pg e g s NI E RN 1072~2860 pg+ g '\ 3
{41826 pg+ g 's Cr/Ni FL{EHTEHFE 0. 16~0. 69, ¥{H A
0.43,

K2 ANAXUHLIFERETETEMMETRN pXRFER(EE: Wtho; BE: pg-g')

Table 2 p-XRF results of major and trace elements in serpentine jades unearthed

from Dawenkou culture(major element: Wt% ; trace element: pgeg "

(2= 81k H SiO, TFe, O3 MgO Cr Ni Cr/Ni el
M1005.3 R A 43. 00 6. 30 38. 25 389 1072 0. 41 S 7
M1006 ;4 TERBA 43.00 3. 80 38. 00 988 2124 0. 44 S 7
M1013 FERKIH 43. 00 7.93 23. 00 1028 1632 0.69 S #l
M2004 ;1 LRI A 43.00 0.25 31. 50 — 16 — D #
B %3 2 RB A 43. 00 0. 30 42. 00 — 24 — D #
M25.66 B ELBR BH 43.00 0.55 36. 00 — 32 — D™
T11M26 RS 43.00 0. 80 40. 00 — 30 — D %1

M11 LB BT 43.00 1. 60 41. 00 240 1464 0.16 S
M20:30 LB BH 43. 00 4. 30 41. 67 1143 2 860 0.4 S 7

T333-2BD:2 H B8 4 36 03 43.00 2.6 34. 00 1023 1613 0.63 S
M49 .04 4R LW 5 43.00 2.23 38. 67 511 2014 0.25 S #l

T Bl p-XRE 23 Hr &5 20 BB 3048 i (LA 80 P Sy i o AR — AR AR AG I 2 sl % T 46 th O

Notes: The data were recalculated by p-XRF analysis (Si content of standard serpentine was used as internal standard, “—

ted or below the detection limit)
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AT T OB, KA 11 0 N A K CBCRD il 8 i
S K AR A XREF A XRD $odgiE sz 712 A K
ST CIE AL HEAT b AR 3K 0 T S . Bk AR, R
Be b MECALIT . BB L o I R A A5 AT BRI VL4
T A SO B 4 fE . R PIXE+ XRDA LRS 44 %t
B o ik A AT A gk v b R RS AT TR R Y T B
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Table 3 Nondestructive and destructive test results of Cr, Ni and Cr/Ni value
in serpentine jade from different habitats (pg - g=')
AV S ! Cr Ni Cr/Ni PR 2 A QAT 20
TR T szt003 IR 2% 693 1776 0. 39 S 7 p-XRF
szt004 1 445 3 940 0. 37
szt005 496 1823 0.27
szt006 623 2 181 0.29
szt010 216 984 0.22
tsy1201 570 2 249 0. 25
tsy1203 977 1720 0.57
tsy1204 740 2719 0.27
tsy1205 499 2 381 0.21
tsy1206 1162 2 553 0.46
ts05 472 2042 0.23
ts04 928 2152 0.43
ts03 1702 6 515 0. 26
ts02 755 1939 0. 39
ts01 1004 2 250 0.45
A oM FIE IIFAE S S 797 2 256 0. 35 S 7 ICP-MS
B E Hifrih 2 262 1760 1.29 S ICP-MS
Ui & LTl A 249 67.7 3.68 D # ICP-MS
NSV R b /NS 2. 80 1. 06 2.67 D #l ICP-MS
Wil % T B Wi 1384 1175 1. 18 S ICP-AES
HHOE LrEn 3.74 21.5 0.17 D 5 ICP-MS

BARETR . B8 EEHURGI A B = A 201D 5 I &G T A £ EEE(2007) 5 /Ml EEUR S A2 (201D 8 0 EHURSI A £ KR
SAE(2014) 5 BN ERAES AR (20215 BB ICP-MS Jr gk . Wi )1 E 4008 51 A 3 R W4 (2016) . Hdi R A 1ICP-

AES J5 i

Data sources: Yuanyangyu data is quoted from GE Yunlong et al. , (2011); Xiuyu data is quoted from WANG Shiqi et al. , (2007) ; Xiaosigou

data is quoted from FAN Guizhen et al. , (2011); Yingkou serpentine jade data is quoted from WANG Chang-qiu and YE Li-jin,

(2014) ; Taishan serpentine jade data is quoted from YANG jiong(2021), The above data were determined by ICP-MS. Xichuan
jade data were determined by ICP-AES and is quoted from DONG Jun-ging et al. , (2016)
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Fig. 3 Distribution of Cr-Cr/Ni values of serpentine
jade from different producing

(The data source is consistent with table 3 )
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Fig. 4 The position of unearthed serpentine

jade and Taishan jade mine
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Nondestructive Testing and Origin Traceability of Serpentine Jade From
Dawenkou Culture Based on p-FTIR and p-XRF
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Abstract Tracing the origin of unearthed jade is one of the keys to exploring Chinese jade civilization” s origin and evolution.
The progress of non-destructive testing technology has promoted the research on tracing the origin of unearthed jade in academic
circles, but so far, non-destructive technology is still the bottleneck restricting the research on tracing the origin of unearthed
jade. In this paper, the combination of portable Fourier transform infrared spectroscopy (p-FTIR) and portable X-ray
fluorescence spectroscopy (p-XRF), were used to study the mineral phase and chemical composition of serpentine jade from
Dawenkou Culture excavated by the Shandong Institute of Cultural relics and Archaeology. The results show that there are two
genetic types of unearthed serpentine jade in Dawenkou Culture. Seven serpentine jades (M1005:3, M1006:4, M1013:12, M20:
30, M11, T333:2BM:2, M49:04) belong to ultrabasic rock type. They have high contents of Fe, Cr and Ni, and contain more
magnetite inclusions with strong magnetism. The Cr/Ni value is less than 1 and most of them are less than 0.7, which is

consistent with the origin characteristics of modern Taishan jade that provides an important scientific basis for Taishan jade to be
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used in the Dawenkou Culture period 5500 years ago. The other four jades (M2004:1, B-ring, M25.26, M26) have low
contents of Fe, Cr and Ni, which belong to the type of dolomite contact metasomatism in which their sources need to be further
studied and confirmed. The above research results confirm that the combination of p-FTIR and p-XRF can realize the rapid
identification of most unknown jade materials in archaeological sites and collections. It has the advantages of no sample
preparation, mutual verification of mineral types and element compositions, and no fluorescence interference. It can trace the
origin of some specific types of serpentine jade/materials, which is an advantageous technology mix for the research on the

unearthed jade.

Keywords Portable Fourier transform infrared spectroscopy (p-FTIR); Portable X-ray fluorescence spectroscopy (p-XRF);
Nondestructive testing combination; Serpentine jade material unearthed from Dawenkou Culture; The technology tracing the
origin of unearthed jade
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