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Table 1 Main pigment and mineral composition of Thangka

BRI €4, BURH 44 FR LR/} %ix
Ry 1 HgS
.4 Kb 2 HgS
Kbr HgS
e AsiSy
B Asy Sy
H 1 AsS
AT Fe, 05
S Au
fAH 1 2CuCO; « Cu(OH),
2 2CuCO;3 « Cu(OH)»
e %3 2CuCO; » Cu(OH),
A4 2CuCO; « Cu(OH)»
%5 2CuCO;3 « Cu(OH)»
Hgk CuCO; » Cu(OH),
Aat2 CuCO3 « Cu(OH)-
g g3 CuCO;3 « Cu(OH)
sk 4 CuCO; » Cu(OH),
fskS CuCO; « Cu(OH),
S Al O3 « 2Si0; « 2H,0
HE T B CaCO,

1.2 REHERE

SR I PSR-3500 {5 485 X b 497 016 15 {0 3% U™ 40 B Rk 5 5
i . PSR Y% B 24 350 ~2 500 nm, S PR 2~4
nm, WG MA FOV25", AIPRHEFITERIN, W06, R4 o2k
BT R W

KA K B UF 0 RIR W) SR Bl E R AR AR
SRR R BRI JE R REAR 1 om [/, JERELRER
5 mm, 5 RN FARS AR BIBURH RIS, VRSN W BUR I R AR
Bl Rl A B, e HE R R 2 BRI R 7 5L R SR R AR
AR Y EUR Y B A Y, VWY H O AR 5 mm B/, JE
BEJ 5 mm, VN W) FURE BETE PAE B K 2 IR R
WBURHE BV 26 FRERimAG b 28 2 em BB, )
SR 3 . ME R W BUR b AR AR

R REAR A= WO AT G B R AL 15 ), SR 4 ) TR AE o
17 JGIE R o R OGIUR . hy ol S D' YA SRR UL A BE B A X Ok
TR, SRR R v A RSk RO R A R A R (fR
FE 307, FEHR LI 5 3 B O e AR T BB R K . B IS
A R R . RS RE RS 10 OB IR, L
oAV 5 R P B AL IR 25

1.3 Hik
1.3.1 A kgL 5 41

Yy B i 0 7 AR A B SR AL . g T L
o JEELA L S P LLAE BRI L B Y S E R T EROT
F IR, HAE 400~1 300 nm N A6 38 45k 3 2 Bk T
TP &R OTH, 1 300~2 500 nm i [l
WG R 2 e Y T i COE MOH 5 4 Jm B & 1
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Table 2 Characteristics of the common cation spectrum

AT FAEVE . (LT
Fe? " 0.43, 0.45, 0.51, 0.55, 1.0~1.1, 1.8~1.9
Fedt 0.4, 0.45, 0.49, 0.52, 0.7, 0. 87
Cu?t 0.8
AR 1.4, 1.43, 1. 56

(2) i PR3

o T R R ZE K AN TR] s o i A IR 20 7 A2 B 200 B R
) o 2§ — AR SR BRI A I . 2o 77 A BE IR O B
B3 AT A S AR A% 430 S AR B R ST 7 A 3R . UK 2 T
WL ) Ak Sl B AR AE A0SR 3 PR

F 3 KoFMERRSE B K IGHFE
Table 3 Spectral characteristics of water molecules

and common vibrational groups

PR3 FRAEVE . A0 E/ pm

CO3~ 1.9, 2.0, 2.1, 2.35, 2.55
OH~ 1.4, 2. 2(Al—OH) , 2. 3(Fe/Mg—OH)
H,0 0.942, 1.135, 1.38, 1.454, 1.875

1.3.2 At REHF IR IR
J SRR AL 32 B L A0 48 A5 20 BT 6 1 i 2R I 0 X L Y I8 B
WAL E L WRIE . KRR G RAAE, SC B G B AR Y b

.

T A RS D il I WA B S A L X T SR 4R

Thangka pigment color card

FI PR G il 2k AT A A R B T A SO R T
A R T ORI AREE B T AT R 2 R O6E 4 7 O EE R
P BERRAET S A A 4 4R FS RS BT O il 4R L ) 49 3 ih &
A SRR o O M DUTFR I OG Rk i £ A
FHEIE ORI DD .

DD =1—p

2 HR5E

2.1 BRMRSHEMEFAEILR

XA AR E R K. BREY . LA aR
HEAT TR 4307 . LAA S A0 Uk i), o 1 2 4 4% 4%
SR 2 FiR . B R BURHE R B IR S . IO R IR TR, 1
1 447F0 1 928 nm Ff 3 B0 5 A 7K 9 3 R SRR A, X2 B T
BURHR FIB G & A KRR KRB Y E RIEW RS b6
J5i s BlE B R BURE K A B B b AR AN W IR AE H AR
55, ADBIBURHTE 1 447 nm b 09 R CRFIE 25 BIH 2R m%ﬂ
A TR BUR R R UL A ARG R R . HOG Rk R
IERA VI RES; aTI%OmuEaﬁéﬁw%ﬁﬂ%
K LRGSR IAEAFEZES , RIElH TR wgk
i F A, £ A Z R E A — &Ky, TR Z F)K
W CREAE R . R, BR 1 920 nm AT RS ECAY RRAE G B 22
5o JER T BRI AR A BRI A 8 R S R AE S AR — B
2 JEJE B 43 BT 0 A A D BCRIVE I TR 2 M AR SCLLRE R
BB 2R 6 15 7 S 17 AiE D6 1% 43 A B R TR 42
2.2 BBIAE ST
2.2.1 L&A

AR aEp EER A =M. K1, KW 2 MK
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Fig. 2 Azurite (a) and Gold (b) pigment powder, bone glue, cloth color spectrum after the continuum-removal
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(a): Original spectrum; (b): After the continuum-removal
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Fig. 5 Spectrum of blue mineral pigment powder

(a): Original spectrum; (b): After the continuum-removal
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Spectral Analysis of Main Mineral Pigments in Thangka
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Abstract As a work of art, Thangka has both high historical value and artistic value. The identification and analysis of the
mineral pigments of the Thangka are of great significance to the identification, repair, digital archiving and reproduction of the
Thangka. This is the first systematic spectral analysis of five kinds of main Thangka mineral pigment, commonly used in the
process. Through an in-depth analysis of the spectral characteristics of mineral pigments, we summarized the spectral features of
Thangka’s main mineral pigments. By comparing the spectral characteristics of the same mineral pigment powder, blend bone
glue and pigment on the pigment, we found that the reflectance of the powder pigment decreases after the blending of bone glue,
and there are two strong absorption peaks near 1 447 and 1 928 nm. When you paint the glue soluble on the cloth, with the
reduction of water paste in the paint, the two peaks become weaker, and the absorption peak at 1 447 nm or even disappears.
Therefore, the spectra of mineral pigment powder and pigment on the cloth are very close. Mineral pigment powder can be
directly used in the analysis of the Thangka pigment spectra match and analysis in the later period. Red mineral pigments on
Thangka are cinnabar, whose mineral composition is HgS. The reflectance in the visible band rises after the first drop, and there
is a deep absorption valley near 500 nm (430~530 nm). After the rapid rise of red. the reflectance curve near infrared changes
slowly, and there are weak absorption valleys in the vicinity of 1 940 and 2 250 nm. There are three main types of Thangka
yellow mineral pigments: desert tan(realgar, orpiment), ochre and gold, whose main components are arsenic sulfide, iron oxide
and gold. Their spectral characteristics are concentrated in the visible spectrum between 400~500 nm, and the absorption valley
position and absorption depth of different pigments are different. Near infrared reflectance Ochre is low, and the 860 nm has
appeared near the absorption peak; while desert tan, realgar and orpiment in near infrared and shortwave infrared spectrum show
high values and flat curves, with two weak absorptions in the valley near 1 890 and 2 230 nm. The absorption valley of gold in
visible band is narrow and shallow, which can be used as the basis to distinguish it. Thangka’s blue mineral pigment is azurite,
which has strong absorption characteristics in 500~1 000, 1 500, 2 040, 2 285 nm and near 2 350 nm, and weak absorption
characteristics in 1 885 and 1 980 nm. Thangka’s green mineral pigment is malachite, and the spectrum has a strong broad
absorption feature in 550~1 000, 2 270 and 2 350 nm. Although the main mineral compositions of malachite and azurite are both
copper carbonate, but the reflectance value of malachite in 900~1 900 nm increases slowly, and there is no absorption character-
istic at 1500nm, which can be used to distinguish them. Thangka’s white mineral pigments are mainly clay and clam, respective-
ly, calcium carbonate and kaolin-clay. In the visible spectral range, clam has a weak absorption characteristic in 370 nm, and the
clay has two obvious absorption characteristics in the 370nm and 730nm, which can be used to distinguish them. In the short
wave infrared and near-infrared spectrum, clay has obvious absorption characteristics in 1 425, 1 930 and 2 230 nm, while clam
has obvious absorption characteristics in 1 930 and 2 320 nm, plus a weak absorption characteristics in 1 440 nm. As for the
same mineral pigment powder, the larger the mineral powder particle is, the darker the color of the pigment will be, and the

lower the reflectance of the spectral characteristics will be.
Keywords Thangka; Mineral pigment; Hyperspectral; Spectral feature extraction
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