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Chemical weathering mechanism of ancient jades: powder simulation
experiments

WANG Rong', FENG Min' and WANG Chang-sui®
(1. Department of Scientific History and Archaeometry, USTC, Hefei 230026, China; 2. Department of Scientific History and
Archaeometry, CAS, Beijing 100049, China)

Abstract: Mineral dissolution is an important process in mineral weathering, and therefore the research on the
mineral dissolution process helps to reveal the mineral weathering mechanism. The ancient jade has been in a dis-
solution reaction system of soil and soil-water in its long burial process. Generally speaking, the soils of southern
China are somewhat acid, whereas soils in northern China tend to be alkaline. The authors preliminarily simulat-
ed the acid and alkaline environments that buried ancient jades experienced. Based on the soaking experiment in
which the powder shapes of different jade materials were dipped in acid and alkaline buffer solutions, this paper
preliminarily discusses the weathering mechanism of different jade materials.
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2.5g 5 Sitt
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Sitt
1 ng mL
Table 1 Element density of the powdered sample solutions 2 pg mL
Ca Mg S Table 2 Drained cation density in different volume solutions
200 pH=5.4 15mL 884 613 50.1 0
200 pH=5.4 30mL 770 388 48.8
200 pH=5.4 50mL 371 246 38.1 - 1§$L 32;‘)L 5(3);“1L 1;211L 32;“; S(ZJEL
100  pH=5.4 30mL 536 341 44.5 Ma 63 38 o6 1le 601 as.s
300 pH=5.4 30mL 755 487 50.1 g_g o1 488 381 150 7 oma
- . St . . . . . .
200 pH=5.4 15mL. 099 48.5 Mg 699 473 305 167 103 31.2
2000 pH=5.4 30mL — A 499 S 485 49.9 247 0.75 1.26 24.4
200 pH=3.4 S0mL - T C1 2853 2443 1977 210 169 160
100 pH=5.4 30mL — 225 20.6 a
300 pH=5.4 30mL — 640 55.3
200 pH=5.4 15mL 2853 — @ — 2
200 pH=5.4 30mL 2443 — —
200 pH=5.4 50mL 1977 — — 3 30 mL
100 pH=5.4 30mL 2287 — —
300  pH=5.4 30mL 2930 —  —
200 pH=8.6 15mL 361 116 15.2
200  pH=8.6 30mL 276 69.1 21.7
200 pH=8.6 50mL 214 45.5 28.7 300 C2
100  pH=8.630mL 29 53.0 27.2
300 pH- 8.6 30mL 251 79.3 24.1 100 200
200 plI=8.6 15mL — 167 0.75
200 pF=8.6 30mL — 103 1.26
200 pH=8.6 50mL — 31.2 24.4
100 pH=8.6 30mL —  60.9 0.5 St Cat™t
300  pH=8.6 30mL — 131 1.54
200 pH=8.6 15mL 210 — —
200 pH=8.6 30mL 169 — —
200 pH=8.6 50mL 60 — @ — 3 ug mL
100 pH=8.6 30mL 151 - - Table 3 Drained cation density of different granularities
300  pH=8.6 30mL 1 — — . .
of jade materials
3 100 200 300 100 200 300
Ca 53 770 755 229 276 251
Mg 341 388 487 53.0 69.1 79.3
3.1 Si_ 44.5  48.8 50.1 27.2  21.7 24.1
1 Mg 225 473 640 60.9 103 131
S 20.6 49.9 55.3 0.5 1.26 1.54
2 200 Ca 2287 2443 2930 151 169 111
3 pH
3
Ca2t
Mg sitt Mg?* 3
Ca*" Ca®"
Sit* 2.34~3.01 Mg"
5.62~6.43 Sit* 1.64~2.25
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Mg?" 3.69 ~4.89 Sitt Si—O Ca—
Sit* 35.91~41.20 Ca®® O Mg—O 10 312 ~ 13 146
14.46~26.40 3510 3816 10°J mol Ca—0 Mg—O
Sitt Ca*”* Si—O
1 Sit*
3.2
1 Sit* 10
Mg>* Si** 10
Ca** Sttt 7 Mg?* Sit*
CO, 3
4 30 mL mol m’
1978 CaCO; + H,O + Table 4 Cationic molar density in 30mL solution

CO,= Ca?" + 2HCO; ™
CazMg5 Si4011 2 OH 2 + 81_12()+ 14-1‘14r = Q,CHZJr +
5Mg** + 8H,SIO,

Mg, Si,0;p OH ¢+ 12H" = 6Mg>" + 4H,Si0, +
2H,0 1987 H*
OH"~
o
CaCO;
pH pH 8.6
1987
Ca" 1
Si4+
CaZ+
2
3 4
CayMgs Si,O; 2 OH ,
Mg SisO;p  OH g
Ca®™ Mg?" Si** =2:5:8 Mg**
Sitt =3:2 Sitt
Caz+ Mg2+
Mg®* 5
Ca2+ Mg2+
Ca®" Mg*" 80 %
95%

Ca®t Mg Sitt

100 200 300 100 200 300

Ca 13.40 19.25 18.88 17.18 5.73 6.90 6.28 6.30
Mg 14.21 16.17 20.29 16.89 2.21 2.88 3.30 2.28
S 1.59 1.74 1.79 1.71 0.97 0.78 0.86 0.87

Mg 9.38 19.71 26.67 18.58 2.54 4.29 5.46 4.10
S 0.74 1.78 1.98 1.50 0.02 0.05 0.06 0.04

Ca 57.17 61.07 73.27 63.83 3.78 4.23 2.78 3.59

5 mol m®
Table 5 Excessive drained cation molar density of different
jade materials

100 200 300 100 200 300

Ca 13.00 18.81 18.43 16.75 5.48 6.71 6.06 6.08
Mg 13.22 15.08 19.17 15.82 1.60 2.39 2.77 2.25

Mg 8.27 17.04 23.70 16.34 2.51 4.22 5.38 4.04

1986
M gz+ Ca2t
1 Mg 6 1
OH"
Ca®™" 1
Ca®" 8 Ca—0O
Mg—O Ca—0O Mg—O
Ca2+
Mgt 2 Ca®?
Mg>* 11
H+ Caz+ H+
Mg—OH Mg?"
2001 Mgt O OH™
Mg>" 4 OH 2 O
Mg>*
5 O 1 OH H'
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Mg—O
OH Mg—O
Mg?*
Mg? "

Sitt
Sitt
Sitt
Sitt
Si*t 20 6
Mg2+ Si4+
Sit*

6 %
Table 6 Drained cation density percentages of different
jade materials

100 200 300 100 200 300
Ca 8.76 12.59 12.34 11.23 3.74 4.51 4.10
Mg 3.72 4.23 5.31 4.42 0.58 0.75 0.86
Si_0.26 0.28 0.29 0.28 0.16 0.13 0.14 0.14
Mg 0.84 1.77 2.40 1.67 0.23 0.39 0.49 0.37
St 0.10 0.24 0.27 0.20 0.002 0.006 0.007 0.005
Ca 6.86 7.33 8.79 7.66 0.45 0.51 0.33 0.43

4.12
0.73

N o =2
~

Ca>*

CO3~

CO%~ 1:1
Ca®*

7.66% Sio, -

0.3%

SO, 4 4

Ca>" Ca>"

Mg?* Mgt 4

Mg?*

Ca®* 1

Ca®" >Mg>" >Sit"

Mg *

Sit*

Mg?*

Sit*

Ca®t CO3~
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