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A study of gemological characteristics and color origin of green Gobi agate
from Alxa area, Inner Mongolia

ZHANG Run-qing and DU Jing-hong
(Kunming University of Science and Technology, Faculty of Materials Science and Engineering, Kunming 650093, China)

Abstract: The Alxa area in Inner Mongolia has experienced hundreds of millions years of geological activities, pro-
ducing Gobi agate with rich colors and compact structure. The gem mineralogical characteristics and coloring causes
of green Gobi agate were studied by conventional gemological test, polarizing microscope and scanning electron mi-
croscope observation, X-ray diffraction, electron microprobe analysis, infrared spectrometer and ultraviolet-visible-
near infrared spectrophotometer. With naked eyes, the agate is dark green to brown green, translucent to opaque.
The relative density, refractive index and Mohs hardness are all in line with the characteristics of quartzite jade
stone. Through microscopic observation, celadonite is enriched in the surface layer and grows radially inward. Both
calcite and quartz have cryptocrystalline texture. Through scanning electron microscope, celadonite is distributed
between quartz and calcite in granular form. X-ray diffraction analysis shows that the mineral phase composition of
green Gobi agate is quartz, calcite and celadonite. The EPMA results show that the main chemical composition of

celadonite are Si0,, FeO, Al,0;, K,O and MgO. Infrared spectrum analysis also shows that there are characteristic
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peaks of corresponding groups of celadonite. The test results of surface celadonite under UV-Vis-NIR spectropho-

tometer show the characteristic spectra of Fe** and Fe’*. The charge transfer between Fe** and Fe’* is the main rea-

son for its coloration. Celadonite is the main chromic mineral of green Gobi agate.

Key words: green Gobi agate; celadonite; quartzite jade; charge transfer of Fe’*-Fe’*
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Fig. 1 Geological sketch map of the Alxa area(a, modified afier Wu Zhili ez al. , 2019; b, modified after Geng Yuansheng

et al. , 2006)
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1—Meso-Cenozoic ; 2—Paleozoic ; 3—volcanic clastic rock ; 4—metamorphic pyroclastic rock and carbonatite; 5S—metamorphic plutonite and gneiss;

T—AER A

6—¢neiss complex; 7—granite; 8—Hercynian orogen; 9—Alxa block; 10—fault; 11—boundary fault; 12—inferred fault
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Fig. 2 Green Gobi agate samples from Alxa
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Table 1 Characteristics of Alxa green Gobi agate in gemmology
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Fig. 3 Microscope photographs under cross-polarized light of G-01(a, b) and G-02(c, d)
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a—secondary electron contrast image; b—back scattered electron contrast image; ¢—EDS element surface scanning
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Table 2 Electron microprobe analyses result of celadonite

s MgO Al, 04 Si0, K,0 Ca0 TiO, Cr, 04 MnO "FeO Total
G-03-1 1.46 11. 09 54.74 0.69 1.27 7.52 0.00 0.97 22.24 99.98
G-03-2 6.72 3.41 55.59 9.95 1.15 1. 14 0.00 0.18 21.84 99. 98
G-03-3 8.63 7.29 52.82 8.31 2.49 3.03 0.21 0.17 17.04 99.99
G-04-1 6.53 8. 11 62.97 10.78 0.94 0.16 0.00 0.00 10. 49 99.98
G-04-2 5.39 3.11 53.56 6.79 1.93 1.89 0.00 1. 69 25.65 100. 01
G-04-3 6.39 6.48 59.79 6.76 1.05 0.45 0.00 0.16 18.91 99.99
G-05-1 3.66 7.82 70.71 2.21 3.08 0.33 0.00 0.00 12. 19 100. 00
G-05-2 3.90 6.32 63.70 3.02 2.13 0.48 0.07 0.33 20. 04 99.99
G-05-3 7.22 5.56 45.61 8.96 4.73 5.85 0.24 2.02 19. 82 100. 01
G-06-1 4.06 10. 62 54.03 5.67 2.10 0. 88 0.42 0.22 21.98 99. 98
G-06-2 7.02 8.75 60. 84 6.30 1.30 0.04 0.00 0.28 15.48 100. 01
G-06-3 6.45 10.77 52.20 7.32 2.53 5.26 0.00 0.07 15.39 99.99

Ty 5.62 7.44 57.21 6.39 2.06 2.25 0.07 0.51 18.42 99. 97
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Table 3 Crystals chemical formula of celadonite

Few > AL FE#
G-03-1 (Cag, 091 Ko, 059 ) 0. 150( Fe1. 249 Alg, 553 Tig, 350 Mo, 146 Mng, 055 ) 2.383( Si3. 675 Alg. 325 ) 4.000 010 OH) 53 Y
G-03-2 (Ko, 001 Cag. 085 ) 0. 980 Fe 1. 209 Mg 711 Al 232 Tig. 061 Mg, 11 ) 2. 312( Siz. 046 Alo, 054 ) 4.000010( OH) 2371¥2)
G-03-3 (Ko, 735 Cag. 155) 0. 920( Fe 059 Mg 03 Al 260 Cao, 155 Tio. 158 Cro, 012Mng 010 ) 2. 507 ( Siz. 664 Al 336 ) 4.000010( OH) 53 Yl
G-04-1 (Ko, 006 a0, 067 ) 0.973( M0, 642 Alo. 620 Fe 575 T, 008 ) 1. 857514, 140010 OH) 5 B
G-04-2 (Ko.624Cap. 149) 0. 773 Fey 544 Mg 570 Al 120Mng, 103 Tig, 102 ) 2. 448 (Siz g56 Ao, 144 ) 4.000010( OH) LR
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G-05-2 (Ko, 255 Cap, 151 ) 0. 406 Fe1. 108 Aly, 402 Mo, 384 Tig, 024 Mng 015 Cro, 004 ) 2. 030 514,210 010 (OH) E53 e
G-05-3 (Ko, 838 Cag 372) 1.210( Mg 1p5Fe 4o Mg 780 Tig 303 Crg g14) 2. 203 (Siz 345 ALy asi Feg. 174) 4.000010( OH) , st
G-06-1 (Ko.499Cag 156 ) 0. 655 (Fe 1 71 Alg 600 M0, 415 Tio. 046 Cro.023Mng 013 ) 2,371 ( S 735 Alg. 265 ) 4.000 010 OH) £ v
G-06-2 (Ko 532Ca0,092) 0. 624 ( e, 556 M80. 692 Alo. 682 Mg, 016 Tio. 002 ) 2. 248514025 010( OH) LRI
G-06-3 (Ko.637Cap, 15 0. 822 ( Feq. g78 Mo, 656 Alo, 426 Tio, 270 Mng, 004 ) 2. 234 ( Si3. 560 Alg. 440 ) 4.000 010 OH) E£3 Y
Ty (Ko, s55Cag. 150 ) 0. 705 ( Fe1 a0 Mg, 571 Alg 403 Tig, 115 Mng. 020 Cro, 004 ) 2. 261 (Si3 806 Alo, 104 ) 4.000 010( OH) 5 Eaiya)
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Fig. 7 Infrared spectra of surface substances in comparison of

G-01, G-02,G-03 and G-04 samples
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Fig. 8 UV-Vis spectra of green Gobi agates from Alxa
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FEAE M EAE R, A1 AW A FHEEE— Lk
A DL A T S W SR A 1 ol R 1 A R T R 43
HUIE F RV ES T AT e B B, L AR AT R RS AT
R K Fe*-Fe*', 454 7 AW 5% ( Hofmeister and
Chopelas, 1990) , FF AR5 L 4h - Al WLYCE ], Fe’* I
Fe™ 78 DU TE AR\ TH AR Z5 A8 7 72 H 43 51 AR AH 1% 22
Z A SRICE BT Fe™ [ —A d HL IR — 2 1Y Rl
M Fe® 1 1,, PUBBRILE] Fe™ 1Y e, BLIE L ,430 nm I
560~580 nm [ff T AR A AT VA @ Ol Fe™ -Fe™ Y L
F BRI WL, e A R A 2 IR AR B A AR £
T3AN  TE B ERET B R 2 SR A R A AT Y T
B e Gy E A T BT Y e, R
FSURBCAL, A F R /N AR Z b ( EESE, 1984)
PRSI A7 AR SE A h | Fe?™ 5 Ti* BT 7E i /\ 1 1A 3
W, B AT DL A Fe -TiY 2 JA] 0 H i B R
450 nm BT IS A AT VA E Ry Fe®* -Tit HLfaf 5 75
(BZEE, 2019), HFHE LR DR Fe
Frm R T TR i I SR 085 47 T BE A7 PR AR
TGRS BRIT B 2, B L Fe> -Fe® 22 [] 1 Ho, 1rf 5 7%
S

ZE LR, Fe LRI 1) R EALFLAL /TR Z
— B E T H @Y, Fe -Fe® 22 8] 1Y W ff 54 7%
XY D, i 35 4R P g A T A R 1) T R A
B4 56 & 0, X BE I G T 5 1) 3 R AH R, A S
Dy i AT Rk LB B TC A, TSR 5 41 Ry IR ek (0 4 4
o, ZEBATI, A = R T & Sio, 1Y

PIRGARHEA A AT R AL P DY BT A LB il B 3
T, 1w FLIRA 3% i AR BBk BT ) A AR
YRR Rk 414 (P =55, 2016) , MR35 AR 3CH i
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Ti.Cr Mn T E

(3) &N —FEST Y, BT HAT Y,
2 hh -] DL 6% R 430 nm (19 W YHE AT 560 ~ 580
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W, Fe® -Fe™ [i] 1) HL M 6 7 SR 0 A7 S S (1) 22 )i
K, BTt g (0, RE S B ) B ) 4k A
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