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5 o | RE | BE | XE | WB | EE | KR | RB | BE | KR | 0B | KE | XE | BB
12 1 18 36 31 -3 34 44.5 -9.5 12 13.4 +1.4 4 2.8 -1.2

11 2 16.2 | 324 | 284 -4 48.6 | 40.6 -8 10.8 12 +1.2 | 3.6 2.9 -0.7

123 3 5.3 26 256 | -5.4 | 465 | 36.2 | -10.3 | 10.3 | 10.8 | +0.5 | 3.4 2.8 -0.6

122 9 13 25.6 | 26.7 | +0.7 39 38.2 | -0.8 8.7 105 | +1.8+ 2.9 2.4 -0.5

128 B} 12.8 24 21.2 | -4.4 | 38.4 30 -8.4 8.5 9 +0.5 | 2.8 2.4 -0.4

36 6 12 24 2L | -2.9 36 30 -6 8 9.3 +4.37 257 2:3 -0.4

124 7 12 24.6 19 =) 36 27.7 | -8.3 8 9 +1 2.1 2.2 -0.5

58 8 11.3 25 195 | -3.1 )] 33.9 | 284 | =55 75 8.8 +1.3 2.5 ?

127 L) 125 | 234 | 19:1 -39 | 375 | 28.2 | 9.3 8.5 | 9.5(?) +1 2.8 2.5 -0.3

14 10 117 21 19.4 -4 35.1 | 26.8 | -8.3 7.8 8.8 +1 2.6 2.4 -0.2

25 11 10.5 21 17.4 -3.6 3.5 245 -7 7 8.3 +1.3 2.3 2. -0.2
®+- SHETHICHEHITRAERTHEREIELERRO (B @ EX)
" | & mo Bk T 810 K

&

| wm | eE | mE | XE | ke | mE | XE | mw | RE | XE | wm | RE | XE | kR

125 41 10.5 21 174 | =36 | 315 | 245 =] 7 8.3 +1.3 2.3 2.1 -0.2

10 12 10.1 | 20.2 | 14.9 | -5.3 | 30.3 | 213 =9 6.7 7.1 +0.4 | 2.2 2.4 +0.2

126 13 8.1 16.2 | 14.3 =19 | 24.3 | 197 -4.6 5.4 6.2 +0.8 1.8 2 +0.2

129 14 7.7 D4 | 429 | =23 | 23 | ARG | =5.2 3.1 5.6 +0.5 V=4 1.9 +0.2

13 5] 7.8 e | 1Ly | 4.1 | 234 16 7.4 7.4 6.3 +l:d 17 1.9 +0.2




WE R FET BHAE Bl 23
R+= RBRESH-RELTABRTHEHEBRIEIEEERERR (H : EX)
® B omw < % Ok %M 5 B
; s | 2K | BE | XE | Wi | RE | XK | BB | RE | XK | kB | KE | XF | kK
117 1 11.4 22.8 19.4 -3.4 34.2 235 | -10.7 7.6 10.6 +3 2.9 1.3 -1.2
118 2 J3.8 11.6 9.8 -1.8 17.4 1.9 =35 3.9 J.3 +1.6 I3 0.9 -0.4
119 3 7.3 14.6 12 -2.6 21.9 4.2 ~7.7 4.9 76 +2.7 1.6 1.3 -0.3
120 4 6 12 8.4 -3.6 18 8.4 -9.6 4 6.7 +2.7 I3 0.7 -0.6
121 b 3.8 11.6 8.2 -3.4 17.4 2.3 -7.9 3.9 3.4 el 13 0.9 -0.4
122 6 11.4 22.8 19.7 -3.1 34.2 22.7 -11.5 7.6 10 +2.4 25 g -0.5
123 7 9 18 125 =3.J 27 47.3 -9.7 6 7:9 +1.9 2 1.2 -0.8
124 8 6.8 13.6 10.8 -2.8 20.4 3.5 -6.9 4.5 6.4 +1.9 1.3 53 -0.2
125 9 10.4 20.8 13.6 -7.2 31,2 16.8 | -14.4 7 9.4 +2.4 2.3 L5 -0.8
126 10 6.5 13 10 -3 195 4.3 -J.2 4.3 3.5 +1.2 1.4 1.2 -0.2
127 11 6.4 12.8 7.8 -J 9.2 10.2 -9 4.3 6.3 +2 1.4 0.9 -0.5
128 18 6.4 12.8 8.3 4.5 192 10.4 =8.8 1.3 ) +1.4 1.4 0.7 -0.7
K+ SIRCEAEBEHIEERRRTHRERILELRRRK (H . EL)
B Bk Bk % B K & 4
,aaaﬂ ElE E|® Rk B|E E|® K|k B|E K(E K|k BR|E E(® F|L B(E AKX AL B
1 19.6 | 39.2 43 +3.8 | 58.8 61 +1.2 | 13.1 | 154 | +2.3| 4.4 v} +0.6 | 135°| 154°| +19°
2 19 38 42.3 | +4.3| 57 58 +1 127 | B3 | #2.8] 4.2 53 | L1 135°| 145°| +10°
3 19.6 | 39.2 41 +1.8]|358.8 | 3585 | -0.3 | 13.1 | 16.3 | +3.2| 4.4 3.8 | 14| 135° | 150°| +I5°
4 19.1 | 38.2 | 39.1 | +0.9| 57.3 | 54.6 | -2.7 | 12.7 14 +1.3]| 4.3 3.2 | +0.9| 135 | 145°| +10°
J 19 38 38.8 | +0.8 | 57 33.7 | -3.3 127 | 14.1 | +1.4 | 4.2 4.8 | +0.6 | 135°| 145°| +10°
6 20.1 1 40.2 | 374 | -2.6 | 60.3 | 50.9 | -9.4 | 13.4 | 16.5 | +3.1| 4.5 5, +0.5 | 135°| 145°| +10r
7 18.9 | 378 | 345 | -3.3 | J6.7 33 -3.7 | 12.6 5 +2.4| 4.2 53 | L1 135 | I50° | +15*
8 17.9 | 35.8 | 33.6 | -2.2 | 53.7 | 495 | 4.2 | 11.9 | 15.4 | +3.5 4 SF | &bl 135° ] 150 | +1)°
9 16.2 | 324 | 33.2 | +0.8 | 48.6 | 45.2 | -3.4 | 108 | 12.9 | +2.1 | 3.6 33 | +1.7) 135 | 150 | +1¥
10 16.5 33 308 | -2.2 | 495 | 45.4 | -4.1 &1 123 | +1.31 3.7 4.5 | +0.8 | 135°| 148 | +13°
11 18.2 | 36.4 | 32.1 | -4.3 | 54.6 | 425 | -2.1 | 12.1 | 14.2 | +2.1 4 4.4 | +0.4 | 135°| 147°| +12°
12 13.9 | 27.8 | 28.3 | +0.5 | 41.7 42 | 403 )| 93 | 135 | +4.2| 3.1 43 | w12 135* | DOr| 4
I3 16 32 29 -3 48 375 | -85 | 10.7 | 11.7 +J 35 38 | 0.3 135° | 150°| +D5°
14 137 | 274 28 +0.6 | 41.1 | 39.8 | -1.3 | 9.1 12 +2.9 3 4 +1 135* || Ja4> | +9°
13 14.1 | 28.2 25 -3.2 1423 39 -3.3| 94 11 +1.6 | 3.1 4.5 +14 | 135°| 150°| +15°
16 149.7 | 294 | 23.2 | -6.2 | 44.1 | 33.3 | -10.8]| 9.8 | 125 | +2.7 | 3.3 3 +1.7 | 135°| 150°| +15°
17 14.2 | 28.4 | 23.5 | -4.9 | 41.6 | 32.1 | -10.5| 9.5 10 +0.5 1 3.2 4 +0.8 | 135°| 150°| +15°
18 I3 26 22 -4 39 33 -6 8.7 | 10.7 +2 2.9 3.8 | +0.9| 135°| 142°| +7°
19 1311262 217 | -4.5 | 393 | 223 | ~12 8.7 93 | +06] 2.9 3.7 | +0.8 | 135°| 140°| +>5°
20 12.2 | 244 | 183 | -6.1 | 36.6 27 -9.6 | 8.1 | 123 | +4.2| t7 4.6 | +1.9| 135°| 155°| +20°
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21 11 22 | 183 | -37 | 33 | 228 |-10.2]| 7.3 | 94 | +21]| 2.4 | 3.8 | +14 | 135°| 145°| +I0°

22 | 118|236 | 165 | -7 | 394 | 236/ -L1J | 7.9 | 105 | +2:6 | 2.6 | 4.1 | +1.5 | 135°| I5o° | +8°

23 | 123|246 | 17 | =76 |36.9| 22 [=-149] 8.2 | 105 | +23| 2.7 | 45 | +18 | 135°| 132° | +i7°

24 9.2 | 184 | 16 | <24 | 27.6 | 225 | <5 | 61| 82 |+2.1| 2 38 | 218 | 1351420 | +F

25 4 / 24.0 9.1 1.4 d35° /

®+h FENSERIEHIRBRTHERIEFEILRRCO (L EX)

B A < xR L B K ' 4

R’ OE|IE KX K| B[E KX KL BIE KT Kk BE BT EIL BRE AKX AL R

L 1 | JCEEEEoN 20.8 | -4 | 37.2 | 28.3 | -8.9 | 83 | 110 | +2.7 | 2.8 | 27 | -0.1 | 135°| I50° | +15°

H2 | Zds6 || 2324|1624 | -68PFRAS | MB_L-1QBINT.7 | 9Za +1.]i=2F | A6 0 135° | 160° | +25°

L 3] 9.9 9.8 12.9 | -6]%|R9F Wl BY N-JAGY ,6.9°1 81 , I H22 VI 1§ &4 | JI3V)| 1600 | +25°

4] 99 |198 | 1.7 | -8.1]| 297 | 5.3 |-144] 6.6 | 81 | +15| 2.2 | 2.3 | +0.1| 135°| D4 | +19°

k5|72 | 142 | 83 | 59| 213 | 9.8 | -ILy)| 4.7 6 +1.3| 1.6 1.8 | +0.2 | 135° || DS | +24°

L6 57 | 104 66 | 38| 17.1| 7.6 | 95| 35 |\ 4.9 |+l4| 1.2 | 14 | +0.2 ) 135°| Doy | +20°

L7135 27 | 21.6 | -5.4 | 405 | 305 | -10 9 105 | +1.5 | 3 2.9 | -0.1 | 135°| 158 | +23°

L8135 27 | 227 | -4.3 | 405 | 304 | -10.1| 9 1.2 | +2.2| 3 2.6 | -0.4 | 135°| I55°| +20°

9| 85| 27 21 -6 | 405 | 29 |-115] 7.7 | 10.7 | +3 2.6 | 2.8 | +0.2| 135°| 160°| +25°

10| 11.6 | 23.2 2.6 | 2.6 0 d357 |V 136° || +2l°

1) 113 | 22.6

12| 11.3 ]| 226 | 16.9 | -5.7 25 |1 2.8 | #0:3:| 430%| D* | +23°

i3] 10.1 | 20.2
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16

IR LR ER



T EHET K H= 25
®+H BNWNEEZEHITRERTHERIEFELRRO (B EX)
- B Bk ¥k %W | S § € 4
2 OEIE EIE K| R KT K|tk B|E KX K|k E(E EZ|¥ E|L BIE AT Ak B
t1| 34268223 -45 4902|280 |-121] 89 | 108 | +19| 2.9 | 26 | -0.3| 135°| 160° | +25°
t2| 120 242|194 -48|363 | 264 | -99| 8.1 | 97 | +16| 27 | 27| o | 135°] 160° | +25°
E3 112224 | 168 | -5.63361|20.9|-127] 75 | 94 | +1.9| 25 | 2.9 | +0.4 | 135°| 164° | +29°
4 98 | 196 | 129 | -67 294|174 | -12| 6J | 84 | +1.9]| 2.2 | 23 | +0.1 | 135°| 162 | +27°
5| 81 162 | 115 | -47 | 243 | 138 |-105] 54 7 +16 1.8 | 16 | -0.2 | 135°| 147° | +12°
t6| 67 | ma| 74| 6 | 200|105 -96| 45| 59 |+14| 15| 17 |+0.2| 135°| 16 | +26°
7| 35| 27 | 22347 405324 | -81| 9 |108|+18| 3 | 27 | -03]| 135°] 163 | +28°
8 |& #
+9| 123|246 36.9 | 237 | -13.2| 8.2 | 9.4 | +1.2| 2.7 | 26 | 0.1 | 135°| 156° | +2r
| | 2 33 73 | 9.9 | +26| 24 | 26 | +0.2| 135°| 1570 | +22
t11| 114 | 228 | 176 | -5.2 | 34.2 | 207 | -125| 7.6 | 93 | +17]| 25 | 26 | +0.1| 35| 15§ | +24°
r12| 97 | 194 291 6.5 221026 | vk | 357, 5 | +18°
13 0% B3t [T1ss5e | +200
L4
t15| 6.9 | 138 9.2 | 46| 207 105 [-10.2| 46| 58 [+1.2] 1.5 | 1.8 | +03 L7 | +17°
ri6| 6 | 12|67 | -53 13 | 15 | +0.2| 35| 161 | +26°
AR R ER
F®+AK AE£BH2OIBEHTRERTHERIEFEJLRRK (H(L 1 EX)
M 1% B & [ * B 14 B )i 1B 4]
ﬁmﬂ&#@fzffzth?i&ﬁfﬁttiﬁ&&iﬁttﬁ&ﬂi‘Etb?ﬁﬁﬁﬁ%‘l‘ﬂ%th!ﬁ
1| 5 | 30| 26 | 4| 45 | 405|355 g0 |15 | +05)| 33 | 35 | +02| 15| 1450 +10°
2 | 35| 27 | 245 25405365 -4 | 9 |105|+15| 3 | 35 | +0.5| 135°| 125°| -10°
3 s | 23 | 245 | +15] 345 38 |+35| 7.7 | 105 | +2.8| 2.8 | 3 | +0.2| 135°| 140°| +5°
4 || 22| 20| -2 33 |305|-25|73)| 10 |+27| 24| 2 | -0 135°] 145°| +10r
s o 20| 16| -4 30 |205]-95|67 | 10 |+33| 22|25 |+03] 135°| 155°| +20°
6 | 12| 24 | 20| -4 | 36 |285|-75| 8 | 9 | #1 |27 | 25|-02] 135°] 38| +3
7 |os| 190 | 55| 35 285 24 |45 63| 9 |+27| 2.1 | 25 | +04| 135°| 1O~ | -5
8 luws| 21| 18| -3 |305|285] 3| 7 | 8 | +1|23]| 2 |-03] 135 1400| +5°
o los | 19| 16 | 3 |285]225| 6 |63 | 8 |+17| 22| 3 |+09]| 135°| 145 | +10r
wlos | 0| 58| slmslos| 3|63y |w2]za| 2 |wa|pe op| e
| 8s | 17 | 125 | 45| 255|182 7357 | 75 | +1.8| 19 | 25 | +0.6 | 135°| 1500 | +I5°
275 | 5 | Bs| 15225165 6| 5 | 55 |+05]| 27| 2 |+03]| B3| 55| +20
| 8 | 6| 12| 4| 24| 18| 6|53 65 |+08| 18| 2 |+02| 35| 1400 +5




26 TELES &
£+t FEFRMOOO1 HEHFEEMERKEEIELEE TR MO02( H i, : H X )
B Bk % K % E K ® 4
%
I I L EITRIIELTEITEIIELTE TR I IEIANE I T IR
1 14 28 24 -4 42 38 -4 9.3 10 +0.7 | 3.1 |22-26]| -0.7 | 135°| 140°| +5°
2 14 28 22 -6 42 36 -6 9.3 105 | +1.2 | 3.1 |24-32| -0.3 | 135°| 140°| +5°
3 115 23 18 -5 34.5 28 -6.5 7.7 9.5 +1.8| 2.6 | 23-3 | +0.00| 135°| 145°| +10°
4 11 22 16.3 | -5.7 33 26.5 | -6.5 7.3 9 +1.7 | 2.4 | 1-2.6 0 135° | 143°| +8°
3 10 20 16.1 | -3.9 30 25.9 | 41| 6.7 7.6 | +0.9| 2.2 | 25-2.7 | +0.4| 135°| 143°| +8°
6 8.8 17.6 | 145 | -3.1 | 26.4 | 215 | 4.9 | J).9 7 +1.1 | 1.9 | 2-2.8|+0.6| 135°| 140°| +)°
7 8.8 17.6 | 12.5 | -5.1 | 26.4 | 2.15 | -4.9 | 5.9 7.3 | +1.4 | 1.9 | 22-2.7 | +0.5 | 135°| 148 | +13°
8 9 18 13 -5 27 204 | -3.4 6 6.7 | +0.7 2 0-2.8 | +0.3| 135°| 139°| +4°
9 7.4 14.8 | 11.2 | -3.6 | 22.2 17 -5.2 4.9 6 +1.1| 1.6 2 +0.4| 135°| 139°| +4°
10 12.5 25 225 | -ZOWED | NS -4 8.3 9.3 +I1M 2.8 |22-25| -05/} i35° | 135° 0°
11 i )] 23 21 -2 34.5 33 -K5 7.7 8P +2URNUL.6 |CVA3)N +1.0 | /135°, 143 °| +8&
12 9 18 18.5 | +007|n 27 2250 17+A4.5) 6 4 =2 2 220 (D 11358 136° | +1°
13 11 22 14 -8 33 224 |-1141 7.3 7.8 | +05 | 2.4 | 1.9-23| -0.3 | 135°| 147° | +12°
14 9.5 19 14.3 | -3.3 | 285 | 23.3 | -5.2| 6.3 87 |+24 | 2.1 | 1.8-2 | -0.2 | 135°| 138 | +3°
15 10.3 | 20.6 16 -4.6 | 30.9 23 -7.9 | 6.9 7.5 | +0.6 | 2.3 |1.8-2.3|-0.25| 135°| 137° +2°
16 ] 12.5 V%] J3.J 1.8-2.3 135° | 150° | +15°
17 77 15.4 1l -4.4 | 23.1 | 16.5 | -6.6 3.1 6.1 +1 1.7 1.8 +0.1| 135°| 133°| -2°
o EEREESEAS 0 1-9 B4 MO001 £+ 5 10-17 £4 M0002 & + -
f+N\ BEAILIBIFEHITRZBRTHERILIAELLER (H (7 HX)
B Bk % K B E K € A
R
oz |& (X Kk RIS X K| B|E KX Kk K E|X R\ BIE AKX AL B
1 12.1 | 24.2 | 25.1 | +0.9| 36.3 | 40.1 | +3.8| 8.1 14.8 | +6.7 | 2.7 3 +0.3| 135°| 143°| +8°
2 123 | 24.6 | 23.8 | -0.8 | 36.9 | 35.6 | -1.3 8.2 9.1 +0.9| 2.7 2.9 | +0.2 | 135°| 141°| +6°
3 108 | 21.6 | 21.3 | -0.3 | 32.4 | 318 -0.6 7.2 8.6 | +1.4)| 2.4 2.8 | +0.4 | 135°| 142°| +7°
4 10 20 18.1 | -1.9 30 254 | 4.6 | 6.7 84 | +0.7| 2.2 2.6 | +0.4 | 135°| 140°| +5°
J 8.7 | 17.4 | 13.9 | -3 | 26.1 | 19.1 -7 J.8 8 +2.2| 1.9 2.1 | +0.2 | 135°| 140°| +5°
6 7.2 | 14.4 | 11.9 | -2.5 | 2.16 | 15.6 -6 4.8 6.7 | +1.9| 1.6 2.3 | +0.7 | 135°| 141°| +6°
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Pre-Chin Chinese Stone Chimes

Chen Zhen-yu
Institute Director

Hubei Provincal Archaeological Research Institute

Abstract

This essay discusses the archaeological discovery in China of a group of
112 pre-Chin period stone chimes, findings that comprise in total of 797
pieces. The earliest period that these artifacts can be dated is from the latter
part of the Long-shan culture era;, and alteady, ‘at,so early a|period;y a type of
important ceremonial musical instrument had -emerged.~ Starting ffom the
Shang Dynasty one specific chime prototype developed into a grouped arrange-
ment of multiple chimes. ' In ‘this’essay, -the ‘pre-Chin"stone ‘chimes" discussed
can be divided into ten catagories. Moverover, examples from the early and
late part of the previously discussed periods followed a definite and regular
pattern which reflects the development of stone chimes in four historical
phases. This essay also analysizes the ratios of individual chimes and
discusses their measurements, however the chimes also had some inherent
imperfections. These were resolved by manufactural adjustment and by tuning
the pieces, which resulted in the achievement a beautiful appearance and a fine
tonal quality. This article also discusses aspects of the musicality of stone
chimes and their sound temperament, in addition to the external decor of the
instrument. Moverover, such questions pertaining to the hanging arrangement
and striking of the chimes are explored.

Mlse] - fe L XfL > AREER - LA o

Keywords : Long-shan culture era, ceremonial musical instrument,
stone chimes

¥ The article in Chinese appears form page 1 to 33.
X Translated from the Chinese abstract on page 1 by Zoe Kwok.



