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Abstract ;: The paper discusses the raw material recipe, firing procedure, and production and consumption of the zun

vases

(dakouzun, large —mouth vase) excavated from the pottery workshop and the palace precinct of Yanshi

Shangcheng by analyzing the chemical composition and paste microstructure. Those zun vases are made of ordinary

fusible

clay, and are mainly utilitarian gray pottery without temper, while red zun vases were usually coated with

charcoal in the inner and outer walls. There is no significant difference between the elemental composition of the

gray and red zun vases, and the color stratification of the body is related to the change and strength of the kiln at-

mosphere, the process of carbon seepage and the porosity of the body during firing. Most of the zun vases used in

Yanshi Shangcheng were produced locally, and the raw materials of the zun vases from the palace area and the

workshop were similar. Besides, the samples of high —calcium, high—silicon and high—iron zun vases were also main-

ly manufactured locally. From phase I to phase IIl, the standardization degree of the raw material recipe of zun vases

varies.

Distinctions in the chemical compositions of zun vases in different phases are mainly in the content of the

flux, among which the quantity of calcium varies significantly. Zun vases from stage I and V have the most di-

verse raw material formulations. Stage Il is a time when the characteristic pottery system of Yanshi Shangcheng was

establishing, and the unstable technical stability leads to the low degree of standardization of the chemical composition

of the

zun vases. A diverse material recipe during stage V derives from the exploration in paste properties by crafts-

men to enhance the performance of raw materials. The diversity of raw material in both stages is closely related to

the development of Yanshi Shangcheng in corresponding periods.
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10 A10 91YSVIT1®:BD1 FEEE KOE J=Es 5 6% K SEIF
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R KOEHRBREMNERE MEBITERAM (Wi%)
e SRS S0, AL,  FeO; GO Mg0 KO NaO  TiO; %ﬁirijn% PO,
BE (ng/g)
1 Al 5933 1447 539 1277 329 292 031 053 24.68 2300
2 A2 6192 1775 858 190 324 413 092 055 18.77 1030
3 A3 7097 1470 556 191 225 255 058 049 12.84 800
4 A4 5631 1448 498 1645 296 302 048 034 27.88 2710
5 As 6276 1843 831 156 305 400 033 055 17.26 1060
6 A6 6486 1725 729 193 269 390 053 056 16.33 1730
7 A7 6106 1928 847 156 339 390 069 064 18.01 730
8 A8 6149 1687 860 243 373 426 09 066 19.98 1610
9 A9 6383 175 820 155 279 372 082 050 17.17 920
10 A0 6193 1816 892 171 349 351 064 063 18.28 990
11 Al 6190 1847 813 161 308 393 130 059 18.04 650
12 A12 6240 1852 829 164 316 366 077 055 17.53 710
13 Bl 6535 1700 676 207 282 379 062 059 16.06 1020
14 B2 5831 1889 1041 272 404 391 003 07 2111 810
15 B3 6513 1659  7.69 217 286 350 044 061 16.67 1710
16 B4 6324 1764 714 305 306 300 125 063 17.50 830
17 B5 668 1648 619 165 296 348 101 044 15.29 1470
18 B6 6679 1645 682 154 261 335 098 046 15.30 740
19 B7 6158 1833 786 155 352 347 211 057 18.52 730
20 B8 6250 1786 856 135 320 395 097 053 18.11 1070
21 BY 6154 1798 873 246 278 381 113 056 18.91 3380
2 BI0 6508 1753 756 188 287 294 065 048 15.91 610
23 D1 6630 1701 740 153 267 328 003 077 14.92 1000
24 D2 6685 1493 840 142 278 346 067 049 16.73 630
25 D3 6409 1756 722 135 343 379 108 048 16.87 590
26 c3 6674 959 178 080 110 214 053 030 2238 170
27 Cs 6310  17.66 901 142 267 402 035 068 17.56 760
28 c6 6168 1808 905 153 321 404 086 056 18.69 910
29 c7 7556 1255 471 159 148 237 035 039 10.50 1180

FEILRD, £ SPSS 26.0 R Z R TR S B
TR DHT

T KOERRER N ER S B B RE

EVfE R A =8 7B, Kb 1~ BB T —
H,3~4 BET _H,5~7 BRET=8, WHiEkE
B HRER, H Si0,,ALO; SIS/
( ‘Egﬁb Fe,0O;, CaO, MgO s K;O, Nazo) 5 %%” é?ﬁi+1§
ITEREE A RE RN E =R ¥R SENER
A CFCRMEA oV R38), HUBA BALHITHH
LRSI (R=E)?, KOBERELEERN sio, SEE
56.3~75.6% 2 i , ALO; FI & B 1L 9.6~19.3% Z [A] , 1&
FITLENSELE 10.5~27.9% 26, B2 EITR B
T R K NS M 2 BE e (R =)@, KIOEHA
RERT sio, FERMEFNLESES, BT YE
B 1% S i

— iR}, ZREBEMEES SEIC ST CV

B, RAFER D ZE A ERE S iR R
IR ; ZHAR, oV BB, A= R R
BSENNE,; S BN, ov @1, BEEEL T kR
WEERK(ERS), Hd, 50, 5Btk E, MK
ZRBUN, WEFTESENRECEERRK, MK
EZRBK(RD), 2 B,s0, SIXFITER CV @5
X, 5 B, ALO, &R CV Bk, FE BT R 2
B 5 5 BTk OB RREREL S RN £HE,
FERAREE R KRBT R L (Kruskal - Wallis £
B, BIFR K—W 50 3T He & B B ok O B RE i b2
HER, MR CaO WEEMA 0.003,/NF 0.05,FF4R
R, B R e B B oK O 2R B O Ab 2 2R R (X A
CO SELEFEDERER, 2ZUAOEBEZRE
TENERRE, LB CaO B CV BN 127%, PrikE
RE &K, BIF K-W REHER(RN), HMEX 1
6 BERAOER CaO S EMITHARX i, &
b2 BRI 5 BER R CaO S ERRE RN T B A
0.01 (3# T Bonferroni # IEIEIHE)  IEHEEREBE, &
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Si0, ALO,
/l\$ (Fe203, CaO, MgO, Kzo, Na;O)
BB | | SYHRIT SR
B ey | BN | Bk | KRE it B | BN | Bk | KE gt 2 | Fh | Bk | KE et
m | & | @] ev | mo| | E | ev |7 A= A - R o) 0
cv cv cv
1E% 2 60.6 59.3 61.9 3% 16.1 14.5 17.8 16% 21.7 18.8 24.7 22%
9.90% 13.81% 31.17%
2 E& 4 62.7 56.3 71.0 11% 16.3 14.5 18.9 14% 19.5 12.8 27.9 36%
3 E& 4 64.0 62.8 65.1 2% 17.5 16.6 18.4 5% 16.9 16.3 17.5 3%
3.81% 6.22% 9.67%
4 B% 5 63.6 61.1 66.8 5% 17.4 16.5 19.3 7% 17.5 15.3 20.0 13%
SEQ 10 65.2 61.6 75.6 6% 16.1 9.6 18.3 18% 171 10.5 22.4 18%
5.76% 15.42% 15.79%
6 % 4 62.7 61.5 65.1 3% 18.1 17.5 18.5 3% 17.6 15.9 18.9 8%

L REH TS REELL OV R, B CV S, BT widh, MBS T 25 BRI, ERAR CVi=(1+1/4n)xCV RIEZERZHL

NN N - 1 0y} Nl \
BT et %= T, o RO o smy

£N XOHHEREREBUZRSGITIHR(W%)

MM FfE ik PR /ME BAE cv
Si0; 29 63.77 63.10 373 56.31 75.56 6%
ALO; 29 16.83 17.53 2.08 9.59 19.28 12%
Fe,0s 29 8.01 8.13 231 471 17.80 29%
Ca0 29 2.66 1.64 3.38 0.8 16.45 127%
MgO 29 2.94 2.96 059 1,10 4.04 20%
K0 29 3.51 3.66 0.54 2.14 426 15%
N2,0 29 0.74 0.67 0.42 0.03 211 57%
TiO, 29 0.55 055 0.10 0.30 0.77 19%

LAEIARRENBAAROERNTRARF, N2ER55
BHBEAESFEEEERER, WEFERIE CO
HEE L,

AT #—FH TR OEEED CaO SEHTAL
#aBh SBIEIT R R Ca0 BRI P ArEL.
ERENTRAR(RR), ERER 1 BAOHE
F CO SEFABSTHENWE, 1 E5K,CO FE
SRR E a6 BRI AIEERN, 1~2 B
CaO S ETAEE K, FELEEMR, B 2B
B, 3~6 B CaO SET(VBE /N, SBELRBET
RERE), —HE=H, KOE CaO S ENIRE
(CEERHREA(RE).,

Al 5 A4 BARKRNAF CaO SEFEHIEM,

SHIH 12.77%5 16.45%, SIbAENT, SO, SERE,
BN 59.33% 5 56.31%, RTPHIE 63.77%, Fe,0,
SEHETEHME 8.01%, 5514 5.39%5 4.98%(F
VRO, BRZESKOERA A1 E AdBERR
RE SRR, X 5H Fe,0,.80, S EREHHRE
(B—) ., B2 PO, &, RIEZ R B AR
LAl 5 A4 AR S HESH PO, PO WEER
CaO S ERITH., A1 S A4 HERFEEEAS
TMABERKURERENESE,

43 B DL SiO,. Fe,0,.Ca0 b M bR & = 4§k &
A, Al 5 A4 25, BHE4NRERER, 55058
SIO, SREEMBFATESERM A S 7, UK
Fe,O, SEEN B2 5 C3(E ),

Fh &HHBAOERS CaO 22851 (W)

RE MM RIS PR RBRE O BME BAE wE RECY %ﬁ{‘:ﬁ%
1 & 2 7.33 7.33 7.69 1.90 12.77 10.87 118% .

2 & 4 5.79 2.39 7.12 1.91 16.45 14.54 131% 120%

3 & 4 2.18 2.05 0.63 1.56 3.05 1.49 31% .

4 B 5 1.74 1.56 0.39 1.53 243 0.90 23% 7%

5 ‘% 10 1.43 1.48 0.25 0.80 1.71 0.91 18% 19%
6B 4 1.90 1.76 0.40 1.61 2.46 0.86 20%
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CRESTY WL B (= B 2), 96 C7 BB T
A3 5 O WRHEEZ Al AGKRE, iERRE  EENEERILER, TR AR,

10um EMT= 1900 kY Signat A= NDASD.
T WD = 84 mm Mag = 500X

KOZMKHE 88YSIVT3Y1:@)(C7)
1. C7 NS AR+ 2. C7 B 3. C7 SMEEE A ot Fr (100X)
4. C7 A SEM K1 (500X) 5. C7 AR EDS JLEOHTIE (SEM 500X)
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BE#H KOZMK 96YST51H189:BD1(1)F0 88YSIVT10H20:@)(2)

RN, Sr B, U ER S R AT I P 40 12
54, i, AR B R EHE NS R, I
kR B B T D5 A < (B M 3), C7 i
T TFRE G, SNERE S RECRAGE, B LT
HEUARILE , (8 AR B TNE, BERRKNA
B HIKBORS A, R BRI R , R EBar b i
R, IRREE, BEEAKOEREEERAED
(BMm.4.5), BR C7 L THEDILEBTSE, (B
T Sio, 2 &5, ENEERB T RENRERE, K
ILRaR B R ERL, (HARBIDREK ., Cc7 NiEA
a@, NINEARE , IFRRBEEDEEET T 8L
SHARBRERSFER NS, BRESS TS
IS, Nz B FLIRE IR, R BL BN B gk i 2R
EHRESENEk, ENgae(Em,2),

B2 5 C3 1) FeO, B EE, 3N 1041%5
17.8% , =T HME 8.01%, BA R NA M Fe,0,
ZERET 10%0ER(RI;RE), CIREREL B
BIRE B2 B2 BER, Ak R SEMET R, C3
FIREGRE A 895°C, PR B ISk bk, tbBz Rk =T
FEH TR REM BERA (R R I E)RE
A IS e,

MEEFE1IBHNREER 1B 2E3 45,5
B2, —HNRERER S 67%, i, 5% kO
H (Al A4)HEFE—, F—HXxO0E5 "8k

B XOHEE 88YSIVT10H22:BD2@)(D2) RS EE B iMLE 4

T hk PO AR B B B AL S A A T R E
W, ZELROENS%TRSES, MEMEEAD
BENELRESRS, WEALREREERAZRS R
1B _E3rh CaO IRTEE SRV R, — iR CaO S ER
=, A E—-HE SR A0 SRS EIRERAD
EEEMLFERNERT A, BB KO E AN
PR (RE) . — A EIMER —ERK
LR AT B RSB A ST EAREETZ
Bk EI R EE R R, RN S 5 iEn
AU B OSRERS> FRENEERR,
EEREAOE (A3.C7) KE%BEAOE(B2,
C3) FEEERKGT, BH L THEESNREEX
B, WA A, BT SRR O EREER e LR
B, 23 RRER e EER, RS
BEAEEERNGER, Fr bR UM TikERk
BHEIER RIS, 2 FORHEE 5 1O R R B AR BAR .

= EREEERBTE

ROEFEB B CF AR A R A T 2R MR
K, TXRMNIHRSKREROEHFERSR kD
BHGEER O IS E TR

BT igoR DB R R = E A TE R, 85 IR
R, DB A D EA E TR DBHE
D, AP KOEDI, LA A RBERIR B EEL

1. D2 IEESEEE 2. D2 SIS RS HE ( FEROK 50X,2a 5 2b K 150X)
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FA REERBSRERABAOENEXECZAN (W%) SHE-BERBS TR

RIOFEFRMRE ARSI i

JiEl5n SEEHE bR mE =/ ME =R(E TEM Sig. (WR)
Si0, RG] 63.544 3.855 56.31 75.56
0.302 0.342
Fania) 65.747 1.461 64.09 66.85
ALO, Y] 16.8651 2.158 9.59 19.28
0.608 0.778
ARG 16.4988 1.925 14.93 17.56
Fe;0; RG] 8.0455 2.43 471 17.8
0.413 0.798
Fanis] 7.675 0.635 7.22 8.4
CaO PG| 2799 3.546 08 16.45
0.179 0.545
Fan) 1.434 0.911 1.35 153
MgO TRRE 2938 0.616 1.1 4.04
0.325 0.517
2T 2.96 0.406 2.67 3.43
K0 K 3.51 0.569 2.14 4.25
0.694 0.953
AN 3.506 0.258 3.28 3.79
N2,0 Y] 0.755 0.417 0.03 2.11
0.19 0.991
AN 0.596 0.528 0.03 1.08
TiO, ] 0.542 0.987 03 0.7
0.694 0.547
am 0.581 0.165 0.48 0.77

165, Bar 2 FLIR, 4 AR B 1O BB 0 e, 5 KO B
PRI (2 D2) B LR Bt i £ , i 5 4
HR(EX).

T [ e 1 2T W e 1 2 0 B 5 B S e i
EREFBER, B TRRELEARNSRE, %

E X &

B MR O ES 26 HRKBE K D& EXRBAER D
BT AR T R, DREFEANEAESTRBR
HHFFHERN SR, RRERE R, RARLNE
RETLENSTERSE, TREMEZEHER KT 0.05,
HHIRAE RN AZEARLEEERZR, AN

; 5 \« i o Y

B+ AOZE A 88YSIVT3HE:BD1(D1) RRAE B 1GE
1. D1 EMESERE 2. VEX BTN SRS RIGRE (50X)3. D1 WEESRIEN.(100X)4. D1 MRS RGN (150X)
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FANG

TR R OB Mok O BRI LS AT, R A
FEEEEEIE, HREREHENRRDERRE
RIEEHER S (R &RE).
KOEWEELSa>EHRSER, L D1 K& A5 A
S BINBL R SIREE R DR IR & 0 B IR,
D1 AEFRAMKOBEE R BREAAE, NINVES R
(B+E), F VHX-900F BB DI gL
W, LRNENBREE TG NEBREERS
1E 276~310pm Z 6], TINEBRE LA 93~116pm,
EEMZIL 3 %, ENERRERENS , DS EH,
FeiRE AR R HEMEER 2, IR R G 5
R B RETERNSEE T HT (Bt :3~4), 250E
D1 BI5hEE PR E B2 A R, K =FE I LET

B/ XOE@kH 2016Yg.]1T4@b:BD1 (A5) B M AMEE R

Lo

ZHE

REEZRWN, N AEREREEERE).

KR O A5 R ERKE , HNREELD
&, INEARER MG o B AR, B
TEBE(BIN1-2), AS BEEIERAEZHHE-
A -H%IK-A-KBENZEL(EIN), ASEREE
FREBEER, B TERNES BN, 8 FES5E
CABASR, BERERREKBBET NI, (B
OEFENERARKEFSERSERS, A5B8ER
BrRE, BHiEEPEreesl, BEOAKE, BZ
REBRWIEER, BRIEENILEER, BEFGaHY
(BN :2a.2b), BN AS BFMNEESREHIIL S B
5, ROFWENE LR SEE RN, NEFHER
BEEEIE(RE),

Ft ADEHRMREBETRE MELFHEM(W%)

s,

ms HEe - W S0,  ALO, Fe0, TiO, CaO  MgO KO  NaO PO« pg/g)
=1

A5 K =} 3% 6276 1843 8.31 0.55 1.56 3.05 4.00 0.33 1060
A5 ® SNEE 3B} 63.96 17.07 8.21 0.50 1.63 3.11 3.72 0.80 1400
A8 3 iz 4% 6149  16.87 8.60 0.66 243 3.73 4.26 0.96 710

A8 3 NEE 4B 6497  17.29 7.22 0.55 1.75 2.81 3.23 1.18 1610
B5 ® Ji] 4B 6680  16.48 6.19 0.44 1.65 2.96 3.48 1.01 1470
B5 K HEE 4BX 6209 1630 8.63 0.55 1.64 3.44 5.28 1.07 1600
B5 x SMEE 4% 6377 1539 8.53 0.56 1.69 2.88 575 0.43 1020
B8 3 i) 5% 6250  17.86 8.56 0.53 1.35 3.29 3.95 0.97 1070
B8 ® NEBE  S5EY 6767 1540 7.1 0.51 1.77 2.68 3.35 0.51 1820
D1 a & 5 6630  17.01 7.40 0.77 1.53 2.67 3.28 0.03 1000
D1 a REE 5B 6763 1587 6.46 0.53 1.91 2.74 3.49 0.37 770

D1 a SMEE 5EF 6602 1548 6.65 0.66 343 2.1 4.06 0.60 1070
D2 Ean i 5 6685  14.93 8.40 0.49 1.42 2.78 3.46 0.67 630

D2 a@ NEE  5EX 6356 1650 870 0.58 1.68 3.18 3.61 1.18 2910
D2 a SNEE S5ER 6405 1434 8.59 0.56 2.39 234 6.00 0.75 1330
D3 2 A 5B 6409 1756 7.22 0.48 1.35 3.43 3.79 1.08 590

D3 a0 WEE  5ER 62.58 1625 7.61 0.55 235 3.28 5.43 0.96 680

D3 4 sNEE 5 ER 66.04 16.10 6.61 0.47 1.67 3.14 415 0.82 2500

g X &

=205~
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RN BEEHMESESRAXODEERNESHRBR

jasiae:Y IS LELT PR ZE PR gt TEE Adj.BEM
VErh-TRIX 8.692 4.868 1.785 0.074 0.223
EIR-FRIK 12.333 4916 2.509 0.012 0.036
Bih-1Es 3.641 3.409 1.068 0.285 0.856

i WK 0.05, Ad) Y EFIEE Bonferroni AR IEE REER BEE(E,

ATHRROENGERHEYS, YEEDIS
A5 FENE 7 R B (3 (408, 4 1R IRBE) BOBG L BE
FEE R HEATIE I, HRT ST 2EES =
ST (RE) . ERER, ROERNEE SMNEESFEHY
R TR B 2 5, B E FIAE A R RHEE 75 I
FREERBIE D B T EX R ENRENEZL, KR
B ERNSFRSFRREE . 2R TF MR ERILE
EERFNE,
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