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Mineral composition and crystallization process of porcelain stone,
the raw material of ancient Jingdezhen porcelain
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(1. Jingdezhen Vocational University of Art, Jingdezhen 333000, China; 2. Institute of Geology, Chinese Academy of
Geological Science, Beijing 100037, China; 3. Jingdezhen Ceramic University, Jingdezhen 333403, China)

Abstract: In the early days of the porcelain industry in Jingdezhen, the porcelain capital, a single raw material—
porcelain stone was used. During the developing process of porcelain industry, the ancestors of Jingdezhen porce-
lain invented the binary-compositions formulation: mixing porcelain stone and kaolin in a certain proportion to form
porcelain raw materials, which greatly improved the quality and efficiency of porcelain production. However, we
still do not know why ancient porcelain stones could become suitable raw materials for ancient porcelain making.
For this purpose, this article conducted detailed microstructural studies and electron probe mineral composition
analysis on porcelain stone samples taken from the rock walls of ancient mining pits in Gaoling Mountain. The
results show that the porcelain stone from Gaoling Mountain is a special type of leucogranite, consisting of albite,
K-feldspar, quartz, a small amount of biotite, and Fe-muscovite (?), and develops a micro fracture grid structure
partially filled by chlorite. This composition and structural characteristics make porcelain stone an early excellent raw

material for porcelain production that is easy to mine and process. Combined with the recently published experimental
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results of high-temperature crystallization of water rich acidic magma, we suggest that the Jingdezhen porcelain
stone is a kind of leucogranite formed by dynamic crystallization of a water-saturated granite melt under the lower
cooling-rate and lower undercooling degree conditions, with a mineral combination sequence of albite (+biotite) —
K-feldspar+quartz —Fe-muscovite (?). Fe-muscovite (?) may be a new mineral, and further research is needed to
determine its crystal structure and lattice parameters. The discovery of Fe-muscovite (?) in porcelain stones will
help to understand the relationship between changes in the composition of ancient porcelain bodies and changes in
porcelain-making formulas, and thus more reasonably infer the onset time of the emergence of binary formula tech-
nology.
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Fig. 1 Simplified geological map of the Gaoling Village and its adjacent regions (a, modified after Wang Guolong et al. , 2018)

and the photograph of the ancient mining tunnel for porcelain stone (b)
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Fig. 2 Microphotographs of Jingdezhen china-stone
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a, b—plane-polarized and cross-polarized microphotos of a same area of the thinsection; c—Fe-muscovite( ?) at the boundary of secondary

quartz particles; Ab—albite; Kr—K-feldspar; Qtz—quartz; Fe-Mus—Fe-muscovite
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Fig. 3 Backscattering electronic images of the Jingdezhen porcelain stone samples
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Table 1 Microprobe analytical results of the major minerals from a Jingdezhen porcelain stone samples
W, A9 A R A Brbk-1 Btk Y FriER:
AT 6 7 8 9 10 11 2 13 14 15 17 18 19 20 STP' Sth- - Sth-
W AKE KA
Na, O - 0.01 0.35 0.49 0.56 0.50 11.55 0.16 0.23 0.19 0.29 0.21 0.01 0.01 0.08 3.00 11.59
Cr, 05 - 0.04 0.02 0.02 - - - 0.03 0.06 0.06 0.02 0.04 0.02 0.06 0.04 - -
K,0 - - 16.23 16.14 15.91 16.16 0.10 10.37 10.10 10.56 10.21 10.52 0.03 0.00 9.89 12.12 0.11
MgO 0.01 0.00 - - - - - 0.58 0.62 0.66 0.57 0.62 - - 19.55 - -
MnO - 0.01 0.01 0.00 0.02 0.04 0.00 0.53 0.53 0.68 0.67 0.62 - - 0.13  0.02 -
Ca0 0.00 - 0.00 - - - 0.32 - - 0.01 - 0.01 0.01 0.01 0.03 0.01 0.04
Al,O;  0.01 0.03 18.63 18.68 18.61 18.35 19.72 22.01 21.66 22.56 23.85 23.70 0.03 0.01 15.11 18.74 19.56
FeO - 0.01 0.01 0.02 0.03 - - 19.90 21.24 19.30 16.81 16.65 0.03 0.03 10.72 0.15 0.0
TiO, 0.03 - - - 0.04 0.01 - 2.34 2.21 1.53 0.87 0.68 0.01 - 1.78 0.07 -
Sio, 99.15 99.49 64.32 63.79 64.01 64.34 67.35 39.32 39.25 39.72 42.35 41.42 99.43 99.18 38.71 64.66 68.52
NiO - - 0.00 - - - 0.03 0.04 - - - 0.01 0.04 0.01 0.09 - -
Total 99.20 99.60 99.56 99.14 99.18 99.40 99.07 95.28 95.88 95.26 95.63 94.49 99.60 99.32 96.12 98.76 99.83

(FH10.93%) Si0, (14 46. 02% ) & 151 = bk
(Deer et al., 2013) 2Kl (K 2), R, Z0 ¥ &
5.66%M FeO, Al 0, & EHBAK(F 30. 87%, i 1F #
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A WARIER A=t WATE 20 Wi ki =
BE(?) . HTFIREN T S IR ) 45 AL G 2 22 ()

A HAE G RAT G 1 B R 0 F e 5 T3
IG5 T (Ko 05 Nag g5 ) (AL g Feq 5Tig o Mgy osMny o )
[ (Al Sis 15)0,0] (OH), (% 2), XY FeO A0,
B B HAT I Y SR G (R (H O 0. 95, 81 4)
WA Fe DL Fe' BIEBAUIE W H o B45 i =X
XY,(Z,0,,) (OH), H1 Y i &Y Al
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Table 2 Microprobe analytical results of the Fe-muscovites(?) from the Jingdezhen porcelain stone samples
s 1 2 3 4 5 21 22 23 24 25 26 27 28 29 30 PHE
Na, O 0.49 0.572 0.65 0.74 0.67 0.35 0.36 0.33 0.46 0.66 0.70 0.73 0.73 0.71 0.80 0.60
Cr, 04 0.05 0.05 0.03 0.02 0.00 - - 0.00 0.04 - 0.04 - - 0.02 0.00 0.03
K,0 10.93 10.91 10.73 11.01 10.69 11.07 11.34 11.24 11.00 10.91 10.82 10.83 10.85 10.71 10.92 10.93
MgO 0.52 0.47 0.44 0.51 0.59 0.24 0.30 0.31 0.45 0.47 0.48 0.51 0.55 0.49 0.42 0.45
MnO 0.36 0.20 0.23 0.17 0.27 0.32 0.33 0.44 0.29 0.20 0.15 o0.11 0.16 0.12 0.17 0.23
Al,O;  28.57 30.27 30.15 31.52 30.57 30.37 29.31 28.04 31.00 31.76 32.64 32.27 31.77 32.55 32.28 30.87
FeO 8.71 6.12 6.48 4.91 6.27 6.20 6.42 8.43 5.83 4.70 4.03 4.02 4.87 3.95 3.86 5.66
TiO, 0.53 0.35 0.37 0.14 0.19 0.47 0.54 0.34 0.18 0.13 0.11 0.17 0.11 0.17 0.15 0.26
Si0, 44.93 46.14 45.63 46.09 45.31 46.17 46.43 45.45 46.18 46.41 46.60 46.43 46.07 46.29 46.08 46.02
Total 95.04 95.04 95.04 95.04 95.04 95.04 95.04 95.04 95.04 95.04 95.04 95.04 95.04 95.04 95.04 95.04
HF 124 0 [T T4

Na 0.06 0.08 0.09 0.10 0.09 0.05 0.05 0.04 0.06 009 0.09 0.10 0.10 0.09 0.11 0.08
K 0.96 0.94 0.93 0.95 0.93 0.96 0.99 0.99 0.95 0.94 0.92 0.93 0.93 0.92 0.94 0.9
Mg 0.05 0.05 0.05 0.05 0.06 0.02 003 0.03 0.05 005 005 0.05 006 005 0.04 0.05
Mn 0.02 0.01 0.01 0.01 0.02 0.02 0.02 0.03 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Al 2.30  2.41 2.42  2.51 2.45  2.42 2,35 2,27 246 2.52 2.57 2.55 2.52 2.58 2.57 2.46
Fe* 0.50 0.35 0.37 0.28 0.36 0.35 0.36 0.48 0.33 0.26 0.23 0.23 0.27 0.22 0.22 0.32
Ti 0.03 0.02 0.02 0.01 0.01 0.02 0.03 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Si 3.08 3.13 3.11 3.11 3.09 3.13 3.16 3.13 3.12 3.12 3.12 3.12 3.11 3.11 3.12 3,12
PHESFE% 7.00  6.98  6.99 7.01 7.01 6.97 6.98 6.99 6.98 6.99 6.9 6.99 7.00 6.99 7.01 6.99
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B X A A (A ) MIREEK A, H
Si0, T E T 71% (FHEIL, 1984) ,AL0, & Ekfigk
Hatk(7) mEEmaf, —Johcr TZ LG,
A (Si0, i 50% 2247, ALO, i 33% /A7)
ALK 4R 2 B IA ALO, Fri, BT I, ZEFIE
(1998 ) 31 B 2% 5 AE A 7 10 2 I A (0 Tk 22 4Lk
BlE AR T ALO, S AT 20% 19 &G, W8k
A SR Mg ALO, & & 20%
VR F W8 FH & A n s 08 1 — ol 7 i bR, JF IR
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B HAABRBEA () SEN B AR
77 N AL O, it 23 T 1R % m k4K K (AL O,
V14 14% ~ 18% , Sirbescu et al. , 2017) , 5L 2
AAlfER T 20%, I, 20% /9 ALO, & EfER —
JCHC T 10 S A5 A BERR A 8%, LB I, R
IHI A G A = T 20% 19 ALO, & & 1oL
B (AL, 1984)

PR EmE SR, Mk a 5% ARG H T i
PR RG Si0, &, T H, AHXT T45 A R A
YR Si0, o P RRARRON B o B2 MWL £dE
A, ERZ AT Si0, & EE T 72% , gt
B Si0, SE &N 68% (1 4T 1%, 2020) , Bi#H
Sy (BRI, 1984) M S FHEE (0
TR BE S ( EEIRE, 2018) KWL K 20 (1 E IS4,
2015) B9 Si0, FHEAHZETCIL, Bk, Si0, & &y E il
AT DIV R 0 W7 2 B 2 75 — e e 7 IR IR =2 —
FYETIE, 0K S0, 5 ALO, R4 A%
&, I a2 R AT,

5 58

(1) SEEEEE A MK R AE X 5 2 it sh 4

S5 (AP ) R R, A A B A
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ABERERA =B/ () T AL &85, o i i
LS B ) ——8 =B (7) LA AR B 2545 ot e
AT HE A KT AR ) 0 A R Tk S BT B 1 A
SEFHE AT D) TR T, ok &k iy AL
B,

(2) BATH LRI A = BE(?) AT HEN —Fh
Y, A Rt — TR A 5T LA R AR 4

(3) i ANFEIRH B G Sio, & RS ALO, %
W PMESC R A W RE N o Ty T2 B e et
(P2 SR,

i RMEARET RABBEA R T #R
MAE B EIL,
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