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Study on difference of color genesis between yellow and brown
tremolite jade
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200092, China; 4. State Key Laboratory of Marine Geology, Tongji University, Shanghai 200092, China)

Abstract: Using conventional gemmological instruments along with electron probe microanalysis, electron paramag-
netic resonance spectroscopy and ultraviolet visible spectroscopy, the samples of yellow and brown tremolite jade
were studied, discussing the causes and differences of coloration elements in different dark and light samples. The
main reasons for the coloration of yellow tremolite jade are the charge transfer transition of 0 —Fe’ and the
°A,—*T,(D) transition of Fe’*, while the coloration of brown tremolite jade is mainly caused by °A,—*E(D) and
°A,—*T,(D) transitions of Fe’* and Jahn-Teller effect of Mn®* ions. The charge transfer transition of 0> —Fe in
yellow tremolite jade leads to the absorption at 412 ~500 nm in the visible region, which is an important factor for
forming and controlling the color of yellow tremolite jade, while the yellow green light absorption caused by Mn®* in
brown tremolite jade shows the complementary color of yellow green. In addition, the charge transfer of Fe**—Fe™
and Fe* (°T,)+Fe’ (°A,)—Fe™ (°E)+Fe’* (°A,) are also part of the reasons for the coloration of brown and yellow

tremolite jade.
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Fig. 1 Pictures of yellow and brown tremolite jade samples
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Table 1 General characteristics of yellow and brown
tremolite jade samples

ST TR TR Vi

(g-em™)
HY! LA 8.34 2.93
+ HY2 HAD 1.82 2.89
- HY3 ISR ) 1.62 2.95
HY4 Rigfa 103. 56 2.95
TYI Wb 45.47 2.94
BEE TY2 B, 1.23 2.92
TY3 TRME 21.55 2.96

1.2 KB NFELWEHE

B A FINRTE R K2 A LT MRS
55 % SR AT S 348 L TR A e B 43 o )
FE S 3T 5 SRR AN AT

SEHMAT WG AE [R5 K2 5 £ 4 T2k

%W%%Fﬁ GEM3000 %A G s A 3GH AT, B0 Bsf
[B] 100 ms, FIIUEL 20 ¥k, 0 5 5 R 2, I i Bt
1E 220~1 000 nm ZZ[d] ,

F, I L R T A I 7 8 AR B T R 2 43 3K
Hub R 25 [E Bruker 23 R EMX8/2. 7 I i AL E
A7, DA i SRy oy B 1 /N UKL ASE i, R AR /N T 100
H, BN 0.5 ¢, ML 3% 4 9. 883 GHz, il
WA 100 kHz, PSRN 4 G, TR R 2. 028
mW , L E A 1.000~6 000 G, iR E A 298 K,
FEARE S I R] Ry 41. 943 s,

FL IR o3BT 7 [R5 R 2 8 Y 1 I [ ¢ o o 5
52 R HASH T JEOL A ] JXA-8230 AU, F 454+
ST AHEAT I L R 15 KV, RBEE A2 1~5 um,

2 R518

FAYBTESERE

RS il AN 2850 oF 23 B 45 R4 R B R
ai R EC 3 ASOE B AT HL R BN, R IR
BETT A 8 R AT 2R Al IS R WAk 2, R 2 rpra]
VI I R BRI ) A AE ;88 SR8 B A
DLEL R o0 R IR R R I A 22
S s ARG ) 81 SO F A LAY Ti Ni Cu
Co Cr.V 254 WA (G B N & BRI A I R
FOHE B ayRUE R JC AR IB , 5K 7 B Y

2.1

K2 EFNREEPTESESEETFRINKER wy/ %
Table 2 The EMPA analyzed results of transition metal content in yellow and brown tremolite jade samples
=852 TiO, 7Zn0 CuO NiO CoO FeO MnO Cr, 04 V,0;, &/
TY1-1 0. 00 0.04 0.02 0.03 0. 00 0.02 0.00 0.02 0. 00
TY1-2 0. 00 0.09 0. 00 0. 00 0. 06 0.04 0.00 0. 00 0. 00
TY1-3 0. 00 0. 06 0. 00 0. 00 0.04 0.05 0.01 0.00 0.02
TY2-1 0. 00 0.02 0.05 0. 00 0.03 0.22 0.04 0. 00 0. 00
TY2-2 0. 00 0.17 0.01 0. 00 0. 00 0.25 0.02 0.00 0.00
TY2-3 0. 00 0.00 0. 00 0. 00 0. 00 0.23 0.00 0. 00 0. 00
TY3-1 0.09 0.08 0.01 0.03 0.01 0.37 0.07 0.03 0. 00
TY3-2 0. 00 0.03 0.07 0.00 0.03 0.43 0.09 0.00 0.00
TY3-3 0. 00 0.19 0.04 0.02 0.01 0.45 0.05 0.03 0. 00
HY1-1 0. 00 0.00 0.07 0. 00 0.05 0.25 0.07 0.01 0.05
HY1-2 0.01 0. 06 0.02 0.03 0.00 0.25 0.06 0.00 0.00
HY1-3 0. 00 0.10 0. 00 0.02 0.03 0.32 0.08 0.01 0.01
HY2-1 0.01 0.11 0. 00 0. 00 0.02 0.29 0.03 0.00 0.00
HY2-2 0. 00 0.08 0.03 0. 00 0.02 0.31 0.04 0. 00 0. 00
HY2-3 0.00 0.00 0.00 0.00 0.00 0.30 0.01 0.00 0.01
HY3-1 0. 00 0.00 0.04 0.00 0.01 0.28 0.02 0.00 0.00
HY3-2 0.01 0. 00 0.05 0. 00 0. 00 0.27 0.03 0.04 0. 00
HY3-3 0.08 0.07 0.00 0.00 0.01 0.27 0.00 0.01 0.00
HZE - - - 0.00 - 3.6l 0.24 - - Wilkins et al. , 2003
HE 0.00 - - - - 0.63 0. 00 - - A, 2002
HE 0. 00 - 0. 00 0. 00 0. 00 1.06 0.05 0. 00 0. 00 Yu et al. , 2016
HE 0. 00 - 0. 00 0. 00 0. 00 0. 60 0.05 0. 00 0.00 Yu et al. , 2016
HE 0.00 - - 0. 00 0. 00 0.14 0. 00 0. 00 0.00 JAAESE, 2006
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EPR) i 451

FL RT3 25 2R B, B R RS R R
B ICE N Fe Mn Ml Cr 25, %835 E fbE
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By o (B 12 25 SR A0 22 8 K (McGavin et al. , 1982),
DR HEK B SRS R AT EPR I | DL i35 N A
TV A IR B R A A O
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1984 ; MIEMAE, 1996; FTifFESE, 2019) —5(, =
HEF 1400 ~2 200 G X3 43 5147 F 1 480 G FiI
1 620 G [l % 5 Fe MUARAEMS 5 ( T3 5%
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Fig. 2 Electron paramagnetic resonance spectra in 1 000~
6 000 G of yellow and brown tremolite jades at room

temperature
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WIHF LR KN 2 #1428 B+ (Gottschalk et al.
1999) , Ca® — A7 AE T BN AL P I M, 55 B
Mg WM AR7E M, M, M, 25Birf Mn® 38 3 i3 A
BB INAT A H ) M, 28 Bt ( Manoogian, 1968 ; Tennant
et al. , 2005) . McGavin %5 ( 1982 38 1 il & 32 A A1
x.y 2 5l 3 AT g B, A ATHEWTE N A Mn™ &
B M, BT E Ca®, LA, Mn® R
0.8 A, F 4Tk A Ca™ (0.99 A) Ayas iz, i A 2
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H EPR G HH G (B 8 B AH 1 A9 o6 3 7 Al
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Fig. 3 Electron paramagnetic resonance in 3 000~4 000 G

of Mn>* in yellow tremolite jades
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Fig. 4 Electron paramagnetic resonance in 3 000~4 000 G

of Mn*" in brown tremolite jades
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2200 G Z[RIAY o it bifi #0737 7 1) 0t A ) 5 AN W
54K ( Gaite and Michoulier, 1973), 7£ EPR %+,
1 620 G(g,=~4.33) 1480 G(g; ~4.75)f12070 G
(gy,~3.39) X 3 &b (H/RME T, 1984; MG HEAE,
1998; JA-AF, 2005; FUFHESE, 2019) (3504 7 5
AR BN SR E M, 2 M, M, F1 M, 7R
H1f#) Fe™ (Hellner, 1959) . &5 /R BEE5H KM
Fe™ B P LR AR 55 04 437 i — 3, ELARR o 1) Pl I
PEIIRIEHETAE 1 620 G(g, ~4.33) 1480 G(gy =
4.75) , SHRUEEITEXT LR B 58 R D Fe® il
[ THUC M, M, H1 M, AR Mg™ T 2 070 G (g,
~3.39) BRI M, kb ugdE s 55, M LAk, % X 5
EPR 3% U6 (4 A 35 55 5 18 & Jil BB IRk AR b2
BB A R B R 06 3R, BB Fe™ IE AR 2 4%
e SHamRARZR, 2040 B —MES
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ff) EPR 128
Fig. 5 Electron paramagnetic resonance in 1 400~

2200 G of Fe’ in jade samples at room temperature
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FE B 52 A0 AT DGR 2 S UL 6., £ 400~
1 000 nm Z[H], & F FIE EABTE 730 nm ZbAH 555 1
WU HLAE 950 nm Ab A 3R H A B0 10 W e g | AN TF)
ZA B T AE 412~500 nm A0A W BENE WO RE R
BRPEAR A 2 WS | THOHE A 412 nm A0 FF 1R, B
BT — N SEGZ R o I CHT DX 38 A 1 W B
WG FE G I IR W28 ik, 7858 X, B R IR
Wi A 300~ 360,368 380 nm , 4 T A4 W W s 7E 368
F1 380 nm Ak ; 7EWE SR IX, ¥ K AR WL B R, B R
WIZE 440 ~520 nm &b H IR RE 19 BT 7EL06IX,
W 54 580 ~740 nm 11 58 5 W 3 FELLAMIX, 3
A 730,950 nm Ak IS

X R R, F MRS 55 X RZL X 0, s
HE R € B 2 0 P TR U, R IR B AR X Y
I, RTLE ARG S, 78 15 58 X A0 4 Uk B, B8 A I
IR B, RIS LS b a Rl A,
E 5B ERZIE AT AEN Fe Mn S, X865 9% 4
Ja& TCER B X Y W SRS B R R T U (A 1Y)
TR,

mik 3 2 S A R, Fe® 1) d P 4L TR
Mn* #H[R], 2 3d°, HILASTETN A L2 E AR 6, 1M
HAph s R ASEm Ak 2 EEY 4, Z AL EE
VEA RS, BB T B0 B A /NI TR ST . A R
X, £ F 367 il 380 nm Ab iYW Y 0, 7T 4351 051 )@ T
Fe’ I°A, —*E(D) *A,—*T, (D) IEWERIE (T 35255,
2005; ZEBEGH, 2015; BRABIESE, 2019), Fe™ iffF
1 Fe’* 5 0% Z M LA RS BRAT , 76 28 b = A fir
T ERAMX 300 ~360 nm AY5E I, 412 ~ 500 nm Ky
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Fig. 6 UV-Vis spectra of samples
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Yrp el DL PE A5 201 Jahn-Teller 25007, f it 47 £ it
TR A B0 PP B 440 ~ 520 nm Z [H] (/I
W (9 JR FE, 19825 Mk GE S, 2007; F O A,
2018) , XJEH E 5L b i E &m0, K
I, AN E R T 0 £ R IR a2 F Mo™ (1)
FETE,

580~ 740 nm Z [A] i W 3k 8 25 B A R 2
Fe® —Fe™ M AS TS (2001 5F, 2003; KR/ S,
2014) , H AT A2 38 ) A 108 iU 7
Fe’*(°T,) +Fe’ (°A,) —Fe™ (°E) +Fe* (°A, ) 1y []
YEF R 7= 4= (Taran et al., 2005; Sargolzaei and
Ataee, 2011; fR{RIRZE, 2017; VE 6%, 2018),
TG HE5F (2019 ) TRy, 33 B W IS 149 T8 ) vz 24 051 1A
TP B SLRIVE R, AR SCRIFSR A 3R R A

Wilkins 45 (2003 ) A 4,950 nm 2247 (4 I 1 IH
PRI T 0 55 1) B U IR 20, 3 A W s e e 42 7 AR
HURR 730 nm ALFEES A HRUEHL I I TR HER 3 i
W=D,

il FP A AE SR A AT L I A g K HL A i 4
IRHI T2 3 v, i 3 AL, ¥ K MBS 7 ] L
DX 355 A IR AL 432 — B0, S K IX I T 440
~520 nm [ X3, B KM 412 nm FFEGTE H0BE 0 )
W, 25 500 nm b WO FE 38 B 5 A%, B i T
AR B B NAT & AE WO B AR 1R, 7 412~ 520
nm 2 [8]— B AR FEE XGRS, A Mo
022 5 T RE R TE X — AN A B e KR A

R 3 HEMEIMRKLIE hiEIEIREE IR

Table 3 Visible absorption of tremolite jade samples

WA/ nm 3R 8 IR

300~360 0% —Fe® BB RS G
368 Fe 1)° A, —*E(D) BRiF
380 Fe IO A, —*T, (D) BRiT

440~520 Mn** ) Jahn-Teller A3

580740 Fe’* —Fe’ ITiEs ; Fe™ (T, ) +Fe™ (°A ) —

F82+( SE) +Fe3+( 6A] )B&i{‘
730 RN 3 kiR s
950 BRI 2 kIR Sh
:l:: N
3 én 1/6

(1) BREERD HY4 Sb, AR i i 2R & BLRI 7
Yy 5 2t — 2 B L TR S LIRS B 5% Sh ] DL o A
ZERRY] M EFEH 07 —Fe™ WYL B ERIT F1

Fe™ 1° A, —*T, (D) BRI 3[R/ A A H 0 2 €55 b
MBI L Fe’ 9°A, —*E(D) °A, —'T, (D) i
TR A1 Mn™ 1Y Jahn-Teller 2% 3% 3 J5 i [H & L [F]
o, Bk X O EERS N BAR LR G s

(2) EESWEEWEHZF] Fe* —Fe’ fif £
Fe* (°T,) +Fe™* (°A,)—Fe” (°E) + Fe’* (°A, ) BRiTH)
S AH 2 S5 e Y A RS O XORITER 43 2156 X Y
WAL, 52 M 3 FELAN KR
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