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AR ENPEZE T LT RERG. 5. T0F
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Table 1 Summary table of features for jade samples observed

i 4 4 B R
HNXYS-2 M47.12-5 ENR11C; D) RBEWH A, K 2.10 em, 58 3.00 cm, JE 0. 10 cm
HNXYS-4 M76:2 T gta,, FIE . 4ME 4. 00 em, 4R 0. 90 cm, J& 0. 05~0. 10 cm
HNXYS-6 MS83.19 IK i ER A, H4 1.30 ecm, J5 0. 80 cm
HNXYS-8 M83:32 K Bk BRI, H4% 2.75 cm, J& 0. 85 cm
HNXYS-10 M153:15 K B BIFETE . E4% 1.00 cm. J& 0. 66 cm
HNXYS-12 M280:2 BN BT A, B, B 385 em, THHMK 3. 40 em, JEHK 4. 40 cm, J§ 0. 10 cm
HNXYS-13 M323.4-1 B i H B, K 3.20 cm, 5% 2. 30 em, J& 0. 20 em
HNXYS-14 M323.5-1 ENLR1C;P) RBWHEA, 5K 3.30 cm. 5% 2. 50 cm, JE 0,18 cm
HNXYS-15 M323:5-4 Eaiin EBI A, K320 em, FE 170 em, JE 0. 01~0. 10 cm
HNXYS-16 M323:5-8 E (5RO AEWIFHF A, 5K 2.20 cm, FE 2. 20 em, J5 0. 10 em
HNXYS 18 M349.6 FAE RBEWE @, BAEE. K150 cm, AR 3.00 cm

HNXYS-8 HNXYS-10

Fig. 1
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Typical photos of jade artifacts observed
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0T o S i B A AR L 23 JE (400~ 600 Pa) 1R 300 s,
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1.2.2 EEZHEEEZEEMLRS)

YA 45 #4 4> B7 % Fl LabRAMXploRA % LRS i i 4%
(Horiba, ¥ED . ZAXAEC A @R E PR AWM. ¥HEa
& 10X, 100X F1 LWD50X , R B fL 3L H AR . #m) 25 [1]
SIFERALT 1 pm, G 43 BERAE T 2 pm, B BER <2
em ' T 3R AL SiAREE HETT RS IE . I AARAE S BT 5
TF 5 B A Rk R SO R R B S B A i R AT L
6 4 8Ok B 532 nm, WHEKYE B 100~2 000 em !,
RN EDGHE 1 800 gr « mm ', BUAFES(E] 15 s, JEEFF KA 2
"

1.2.3 A% E2MHAZ45%OM)

K VHX-5000 BB F IR =4 B A 4 (H A% B+
(KEYENCE) 2% ) %} 3 % 2% T i 1L R 3 30 47 W00 . 2 A 4%
TC 95 /N T P il A A B Sk R R AR R g Sk Ko I’ R BF
e, ZMBEEMERYIGE. SLHR M 20 X F 200 X Hisk, LA W
BEG R 2 AR R s 55 D) B A i R AT I A AT
1.2.4 REREMF &

% B4 LR B A% R T U Ab 36 2R BT IR 36 X L AU
W EAT S A R G X B AT I . BT R R R
£ 3M ESPE Express 4 B fit Ji& (light body) , H 4k 2% i 43
ROIERERS, LRIIR, WA W IR EEOG S g f

WA o o Fl ek A R S P A T DA e A B A T e 3R T
BhALNERROR o S TE RS . EDEE I R B RUR R B 5 5%
PRA R

2 HERSHE

2.1 WERSRMELERSHN

& 2 FE 2 43 ) 2 B AR Ak 2 B4 RN R 45 A 04 S B
ZE i3 2 WA, HNXYS-2, HNXYS-12, HNXYS-15 (%
FE R4y & SO, (60.47% ~ 61.36%), MgO (20.87% ~
21.81%), CaO(12.55% ~13.37%), X 5&NA—HEH
B BRIE 4H 4016 (MgO 24.81% , SiO, 59.17% ., CaO 13.81%)
HAR—F, R HERIL R (Mg™ / Mg®" +Fe” “ ) R HL,
X3 ANEEME R AR TF 0.90, B HNXYS-2, HNXYS
12, HNXYS-15 ¥ @ IN A M B0 . figotig(K 28
7RSS E g AL S RRAE I 20 670 R 1 057 em t, 4pal S
# N Si—O—Si {4145 $7 3l (Stretching vibration) fil Si—O f#i
45 J% 3l (Stretching vibration) f L8 FRAE W AR AT, 5
A2 1553 o3 B 45 SR A — B

R2 ERHRANEIEZAFERIDTER(Wth)

Table 2 Major chemical composition of jade artifacts observed(Wt% )

i 5 Na; O MgO Al O SiOz P;0Os K;O CaO TiO; Fe; O3 R
HNXYS-2 1. 80 21. 81 1. 49 60. 47 0. 27 0.10 13.37 0.02 0.67 0. 97
HNXYS-12 1.61 21.58 1. 55 60. 72 0.32 0.16 12.55 0.01 1. 50 0. 94
HNXYS-15 1.54 20. 87 1. 65 61. 36 0. 49 0.31 13. 04 0.01 0.73 0.97
HNXYS-13 0. 39 32.74 5. 42 58. 32 N. D. 0. 44 0. 84 0.03 1. 82
HNXYS-14 0.76 30. 27 2.91 63. 86 0.26 0. 24 0.51 0.01 1. 18
HNXYS-16 1.01 29.99 2.16 65. 06 0.11 0.42 0. 40 0.02 0.83
HNXYS-18 0.96 30. 80 1.61 65. 33 0.19 0.13 0.43 0.01 0.54
HNXYS-10 1.12 2.10 1.77 92.56 1. 59 0.58 0. 25 0. 00 0.03
HNXYS-4 N. D. 1. 54 41.92 39.79 N. D. 2. 60 13.39 0.19 0.57

T N DR M AL & AR TR MR . R4S

HNXYS-13, HNXYS-14, HNXYS-16 # HNXYS-18 ffy
FE R & MgO(29.99% ~ 32.74%), SiO, (58.32% ~
65.33%), 5 1 @& 4 4 g (MgO 31.88% A
Si0,63. 37 Y 453, B ik E 2 (b)), BEFL#E 190 A 673
em A RS 03X WA I8 43 ) 5 i A (SO, T4l iR 2
(Swing vibration) & Si—O,,—Si fifl 45 #iz 6 (Stretching vibra-
tion) [ i S I FL AR — B,

HNXYS-6, HNXYS-8 1 HNXYS-10 fif i & ¥ it [ & 2
(o) VRFAE UG 55 f1 36 3 A — 5. JLeh 123 F1 351 em™ 'y i A 4R
B (Lattice vibration), 202 em ' T J& F [ SiO, |41 it & 3
(Swing vibration) , fZ3RAY 460 cm ' HJE F On,—Si—On,
il J& 35 (Bending vibration) , fk %% B 43 43 B 45 B F W,
HNXYS-10 % F %543 & Si0, (92.56 %), 32 B H hy 4 0%
TRy, G5G 3 PRRE RN BTSN LRRAE . BT FL X K

HNXYS-4 45 i 43 & AL O; 41.92% , SiO, 39.79%

Ca0 13.39% ., A FMBIFERREL, mK 2(D A%, HNXYS
4 7£ 263, 416, 702 cm ™' BHIE B A BB B 2 05, X5 X B
fEWE B A W) &, 43 5 H 8 T &b 4 4k 3 (Lattice vibration) |
On,—Si—On, %5 il #£ 3} (Bending vibration) . [CO, ]*~ 25 i
& 3l (Bending vibration)™ , | Wi F 41 i b & 45 47 19 = B B
.

A E o MY RS o e s 2R R ATy 11 AR
FEGWFETWABRABNA WA, KM 4 Fh2k
.,

2.2 WMIIEHH
2.2.1 maxTe

AR A o i X 20 T R R O = AR T
RO BT TR 2 . [ Y Ah 2 X B 2 8O O R T — R A
FE O RBBI AN T U BOR R R AR 22 R, B R
TESM Y RSO, F1E & AL 4 =05 T . PRI 3,
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(a): BHAARES; (b WABES; (O ARBELS; (D: A ELHR
Fig. 2 Raman spectrum of jade artifacts observed

(a): Tremolite type jade; (b): Talc type jade; (¢): Quartz type jade; (d): Muscovite type jade
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Table 3 Incising features of two different carving technologies

WA E I 21 TR 1L
e PRI RN T R I RS RR A AT IR D S RIS, I ETA . SR A
MRS g VT I R AR A B AL HESU
g ARSI, R, PR MGG, S ARSI, RO PRI M
YRR FEVR I LA 5
W BB MU AR BRI R S L S IR A

TR AREU B HOR e BT R T 2R RBUS M H . B
—2&, DL HNXYS-2 i, i & 3Ca) BF . FHZkiES:
PRAE, KAL), BT, KRR
AR R, A 200 X (& 3(b) ], AT UL A 4b A 0 S
PR SR TR TR . 2y e A e,
W D B T BUME 1R S e T8 75 % i 1 K A S R
HEE L DO 1 8 BN = AR TR R L 3(o ], K EATRH
P FEARAAS BT IR B R B O — B WA Y
LIS Eo o e el K VA= R R Va7 sl L LN
ITE A i CEDAE B /R R ™, FIRD .. BRI S RN
ZIR I 2 R MBI 3(D ], R EAE 5 R b 4N
—3, 7 HNXYS-12, HNXYS4, HNXYS 15 %8 T2
LA RO . 55 S SRR SR A B 2 HNXYS-13, M- 1 &
3(e) LA s ZUIR FE AR LR 357, 3 A R 8 R o, b AR T 11 oY
AR gk E 150X [ 3(H ], B LR ¥ 52 3 £ 4K %) il 1) IR

. WLEE 2R AN T AR AE LB 3 () T, 6 1 R 4k B8 ) L RS &
AR, AT MITE e 4E . B 48 800 5 )8 K 3 7 B
LE 3], 552 AT MAREE B A . 8RR
HIE 158 1 B 208 N7 A 455720 iy e 0 20 1 L 220 T o A R A AL
JERRE I8 B F HNXYS-14 1 HNXYS-16,

HNXYS-12 F1H A P4 B 2R 0E A7 1 22 7 I s 0. —
ARSI FEARTCIR WG LB 4Ca) ], o5 — 21 ¥ 2t 22
LFE 4(b) ], 385 ZDR th Z2 B L A & M. R & 100
X, BoRWIkARE, P SERARFIELE 4 (o). [HRE H M
A, A5 R R IE LIE 4Cd) ], 356 IA W6 240 200 35 Sk e L
T EMIE R 2ZE SRS TIEEEKEA XD, JHik, #
Wr S B B 20 120, i 6 25 D81 T . T A TR A,
STOULEE 220 9 000 TR0 90 TR 5 LA R MSIOR AR AE . HNXYS-12
H 3P LA [R) RRAE (AL ZH . T R A W) — I YA R K7
AN T) 19 43 500 1l A S B R A ) B 4 DA B 52 B )
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(a): HNXYS-2 5 [, 50X 5 (b): HNXYS-2 SFH . 200X ;5 (o). HNXYS-2 Eifi 3D &5 (). HNXYS-2 EAR# i 48 BE & s (e): HNXYS-
13 M, 50X (D HNXYS-13 S, 150X 5 (g): HNXYS-13 EiffE 3D [/ ; (h) . HNXYS-13 B i 2 3 &
Fig. 3 Incising traces on the jade artifacts observed
(a): HNXYS-2 in plan view, 50X ; (b): HNXYS-2 in plan view, 200X ; (¢): HNXYS-2, 3D image of molding; (d): HNXYS-2, cross-section-
al profile of molding; (e): HNXYS-13 in plan view. 50 X; ({): HNXYS-13 in plan view. 150 X; (g). HNXYS-13. 3D image of molding;
(h): HNXYS-13, cross-sectional profile of molding

3 J\

4 HNXYS-12 7 48 7 [5 #5 4E #Y BB %I 5L 4
(a): AL (b): BAIGME; (o). BALSigTY 5
(d): B 204t 3D [ AL, e ]
Fig. 4 Tow different kiods of incising
traces on HNXYS-12
(a): Group A ornamentation; (b): Group B ornamentation;
(¢): Detail image of group B ornamentation; (d): 3D image and

cross-sectional profiles of group B ornamentation

2.2.2 LT E

5 Sy MR B FL SO RRAE B 3ETER . HNXYS-15 1 1 4
A IFFLIR G, S M A BT 4 L 7 LBl 5Ca, b ], HNXYS-
2, HNXYS-13 fil HNXYS-16 dR 7otk 0. K ohiE
WAL, AT AR AL T L 5 (e DI, fLIERHE R,
A R A L, 26 B K 28 B AL D XU/ £ T4 AL
HNXYS-12 NFFE A L. TE 1 3A & LI, 3002 T 1
B LR 5 ey D], HNXYS-14[F 5(g), B 6(D],
HNXYS4LE 5Ch) I fLALBEd A . 1A X &8 T i & B
. DIRPARE R A T SR A AL

M4 5D FIE 6(b), HNXYS-8 25 FLIF Ik 4 7 45 7] A
TE. PR, AIBIELCHE, fLRZN 3. 86 mm, i F
T SR RS AT LT At K S TR O 2k
T% ., HNXYS15 ZEfL K 6 (o), 2 FRF/AMHEE, 5
Hansford iR % — 2, FLBEH gL, FLAEA N 1.50
mm, IR S0 B S N A% BP i L AL, HNXYS-12
M HNXYS-2 )8 Fix 2, WAL AR 22 507 DI, 7K &
PRAf CHNXYS-8 45) BT {ff A A4 6 sk 7T RE S B ALK . T HNX-
YS-15 & & i AT gE G T HETE A Sk . 5 — 2R ARAE, o
B 6(d—e), HNXYS16 L LB, FLAZL N 2.04 mm,
5 HNXYS-15 ZFFLIBARA Le AL, BFLBE L ST kR . 395
Sy 15 LA Ay B . A B TR R, S0 A TR
I DI T E LRI TE . FLEER B B R R A, X 5
HNXYS-16 A f0R RRAE S A — 2, #EMHCOR AT T 82045 T A
RN ER TF ., HNXYS-13 o R IRE . A8 PR
T, B THIN T EFLILEERE B, A IRES . REHIE.
SXEERAE 5 HNXYS-14 F1 HNXYS4 AW 4 [E 5(g—h),
K 6(H7,
2.2.3 Hfmrr¥

B AR PIAN R BN T L4, XHARE K&k T &
JIRTEME . s A TR . AT v R P — Fp
FEREBAZ) T %, A 7Ca), HNXYS-2 XU 28 p 0 L s i g5
BB AR, A7 Sr A W T T R R FIETEE A T R R
s TAE A R A e L5 . TR ME T2 R T TR %0
BARTE G0 —Fh T2, AR R B0 208, A BF 5% 43 S 08 5% 3
TR M ML HNXYS-15. & 7 (h) I B £k 27 [ HNXYS-
16, B 7Co) MR RE T2, thoh, HNXYS-13 Fl HNXYS-
16 £ifi A 2 ekzsgriiCE 7(D T, BB FLA S 55 WU S E
LE 7], ZaTBLBEA W T % H A8 & 7CD T, i 2 L&
VIR0 R, U B s SUH AT RE O P A Al LA — A
FLF S8 A 2 D) B A I A A AR



3642 Stk 2 5 b

%39 %

Bs5 EHRERUSFLRUR
(a): HNXYS-15 25 fLIE T ; (b): HNXYS-15 22 fLF 1 ; (o) HNXYS-6 i# 4 @& (. HNXYS-8 B4 B (e): HNXYS-12 EfL#H
Wi (): HNXYS-12 S FLiEH; (g): HNXYS-14 7L B (h) . HNXYS-4 FLEE 5%

Fig. 5§

Images of drill hole of jade artifacts observed

(a): HNXYS-15, front view of hole; (b): HNXYS-15, back view of hole; (¢): HNXYS-6, perspective image; (d): HNXYS-8, perspective im-
age; (e): HNXYS-12, back view of hole; (f): HNXYS-12, front view of hole; (g): HNXYS-14, hole image; (h): HNXYS-4, wall of hole

E6 ERFEMNHEILBIR

(a): HNXYS-6 fLAE B3 & ;s (b) . HNXYS-8 fLEE W& ; (o). HNXYS-15 28 FLEI#E 5
(d): HNXYS-13 fLEE B &l (o) : HNXYS-13 ZEfLEI#E; (D HNXYS-14 % 4L Epg

Fig. 6

Images of drill hole of jade artifacts observed

(a); HNXYS-6, wall of hole; (b): HNXYS-8, wall of hole; (¢): HNXYS-15, molding of hole;
(d): HNXYS-13, wall of hole; (e): HNXYS-13, molding of hole; (f): HNXYS-14, molding of hole

2.3 HMEALHARAEMHTIEEMITZSMBBEMEMN

KR

AT EBTETER 10 F R 3 FFKM . 3 FENT .
Lz B3 R0 1. 45 A PR A 0 23 i 07 2R 45 3k
4,

K AR BE TS RIS 7 RLBRAMG O 3. 3R T JC A AT B
BhALIFER A T S0 A SRR B L2, FE AR AL
[LOVEATTRE (W

BN T A LA i B, RS, IR 5
~6, FAEBEAN KK s (H R 5T L BT R ARG i X

M, T O A R R R 0 R D AT R 2 . L 0 T A
WEfED M ETiEs), RERTZHRANHZL. W
M M T SR A R ) A TC A % R RD O i L 3% T S0
BiFL 7 2 BT L ADBUTET B L PR, EE SR T S0 A Sk
I EDR T AT T, Bt &N 4 ERELE . ER
W WERE AR BIHREE . MG E 4 LA g
WA, FoRE TR ME

ZHRER 4. SICRE 24 2~3, K1 SUii SR A B4
ff EAPI T2 o AWESE B = B FAE & (HNXYS-4) 4 &
B, I CHRURFHMER IR A T &S T RET I, By
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(d: HNXYS-13 85 1.7
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U”E).()Oum

B7 BEMMIIEREES

(a): HNXYS2 £ JJ T.%; (b): HNXYS-15 Bl i 8E; (o) HNXYS-16 BHZE 77 R 5

(e): HNXYS-13 B fLEE B & s (D HNXYS-13 254 fLBE 8 i3 K

Fig. 7 Fine features of other carving technology on jades observed
(a): HNXYS-2, xiedao technology; (b): HNXYS-15, shallow relief; (¢): HNXYS-16, shallow relief;
(d): HNXYS-13, hollow-out technology; (e): HNXYS-13, wall of circular hole; (f): HNXYS-13, wall of curved hole

x4 TEHETLHEMHTESMHMEESBIMIIZRE

Table 4 Summary of material properties and part of carving technologies of jades observed
i 5 4 5t a2l B[R Bz L2 Hifl =X AL LZ Hab 1z
HNXYS-6 K & Bt 7 ¥ X T i AL 20 Al 3k +- i £ b IS B
HNXYS-8 IK fh B i 7 7 EAE X Tk iR B8 IR NEZ TN /54
HNXYS-10 K Tk Mii 7 G AT 5 L SOk R LR INEE SN 15
HNXYS-2 BENA Jr M 5~6 fie H A+ fift £ X THT 7 L SEL g 3k 4 i b w1
HNXYS-12 B N A1 4 5~6 AT MER AL JO Ak R R WM T2
HNXYS-15 EINA Ji i 5~6 fE BRI AL SOk i B SR RE L il
HNXYS-4 =tk X3 2~3 FER £ PR L (ER T LANE TR L
HNXYS-13 WA Jr i 1 TR LA X THT A L 52 Al Sk Bz PHLR R
HNXYS-14 WA 4 1 FHRBERTAE  BEl HH+MED BT BIHL T B
HNXYS-16 A i i 1 THREER TR UL S0 Al Sk e

A BT A AL o X U] R I T SRS bR A E
EEHE AT —E AR .
WASERMED 1, %W THPRETE R 2 ALk,

ARLAR LT R iy . AL, H S0 3R 5 A
HEAT N o 28 FL R T XSTE i L B0 T o L 7 A X LT
BhALAY 2 LA T S0 Al sk IR T A T A L A 2 AL U SR
TEWLZ. WA, m T ROER. S ARG —
HEWN LZERA LB ES LR,

RS MR AR TR R A . AR BB M AR

. 2 Ve PR A A B 20 T2 . 4641 T FL L fl A 56 938 T
LU T BB RRPE S A E TS 2 R — KR
(9. M R W T ARG F T2 O R R

3 45 ®

FI A EDXRF, LRS fil OM Z FiRH 5 4 BT 8 A . %l g

AR P T R o S e A — A R AR A R E A L R R T
ERHZHEZRMBE R AT T OIS, S e REW, o
B BT YWAHRARAO . BNAG. K, sf%, 8k
T S BRI Z L2 i LR i B 4R i LR
PRl EINA . B EASR A AR S % E0mwa. B
Jo 8 2R JH T4 0 o U L R AT 0 . L D7 S B/ 22 T
BEANBT G AL, AL TR LR R T L. K. B
PN A T i 22 R 50 B R i R D T2 AL / 22 T A AL
I3 R A BT A S ST B L Oy 3. IR SR SE 0 AR
BN R HEAT AN o 25 B R B 20 U A0 BT A O R B AL
X RATEERMMED T, MaERERATHI
IR i WOEEHMMTTZ, XXRWEFMLTTE
S5HBEYE., SRz MAATE—EKA.
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Cemeteries Dated to Eastern Zhou Dynasty in Xiyasi, Xinzheng
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201800, China
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China

3. Institute of Cultural Relics in Henan Province, Zhengzhou 450000, China

Abstract The Chinese Jade culture has a long history. The processing techniques of jade have been continuously developed and
improved during various periods, and to some extent, it can reflect the condition of productive forces, cultural, trade, technical
communications and other information of ancient societies. In this paper, X-ray fluorescence spectroscopy (XRF), Laser Raman
spectroscopy (LRS), Optical microscopy (OM), combined with silicone resin molding method are used to analyze some jade arti-
facts unearthed from cemeteries dated to Eastern Zhou Dynasty in Xiyasi, Xinzheng, Henan province. Mineral property is deter-
mined by XRF and LRS, then OM technology is used to characterize the micro-marks on surfaces, in holes of the jade artifacts,
and also on the surfaces of silicone molds. Based on the features of micro-marks, the processing techniques have been identified,
especially for the processing techniques of incising decorations and perforations. The relationships between mineral properties
and processing techniques are discussed finally. The results of XRF and LRS show that the main mineral phases of jade artifacts
include tremolite, talc, mica and crystal. According to the features of micro-marks obtained, there are two kinds of tools used to
incise the decorations. One is the rotary wheels, and the other is hand-held hard tools. The micro-mark characteristics of drilling
process show that solid drills and tubular drills are used to drill holes from single-side or double-sides/multi-sides. Although sol-
id drilling technology is adopted in some jades, there are some differences in drills” shape and abrasive sand used or not. Jades of
different material properties adopt different processing techniques. Talc jade, whose mohs hardness is 1, is mainly plaques and
uses pointed hand-held tools to incise surface decoration and solid tool-heads which are probably cone-shaped to drill holes with-
out adding abrasive sand. Mica jade, whose mohs hardness is 2~3, is mainly slotted rings called Jue and uses rotary wheels to
incise the surface decorations. It adopts single-side drilling method and its tools for drilling are tubular drills. Tremolite jade,
which has a mohs hardness of 5~6, is also mainly plaque shaped, surface decorations are incised by rotary wheels, and the holes
are mainly carried out by solid tools to drill from both sides with abrasive sand. The shape of the drills is cone-shaped, very simi-

lar to that of talc jade. For crystal beads, its mohs hardness is 7, the drilling technology mainly adopts solid tools to drill from
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both or multiple sides and the drills might be cylindrical. This indicates that connections between the processing technology of

jade and the material properties and shape of jade do exist.

Keywords Chinese jades in the Eastern Zhou period; Material property; Micro-mark characteristics analysis; Silicone resin

molding
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