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Abstract: In this paper, microscopic observation, X-ray diffraction (XRD), X-ray fluorescence (XRF), induc-
tively coupled plasma (ICP) and electron probe micro-analyzer (EPMA) technologies were used to investigate
the characteristics of petrography, mineral and chemical composition of Nanhong agates from Baoshan, Yunnan
Province. Moreover, scanning electron microscopy (SEM), energy disperse spectroscopy mapping (EDS-Map-
ping) and laser confocal microscope Raman were used to investigate the morphologic structure, chemical compo-
nent and mineral phase composition of colored minerals. The results show that Nanhong agate mainly consists of
quartz ( >95% ) and the most common structures are fiber and granular structures. Nanhong agate has some
auxiliary minerals including coesite and calcite and contains two kinds of water for adsorbed water and structure
water. The colored minerals could be divided into four categories, i.e., medicine balls mineral grains with diam-
eter less than 1 pm, flocculent globular aggregations with 2~10 pum, needle-like mineral particles and irregular
shape mineral types, and all of them have iron minerals. Furthermore, micro Raman study shows that the color

of Nanhong agate results from iron minerals, and goethite and hematite could bring red and yellow color
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respectively. The value of Nanhong agate depends on content form and distribution of iron minerals. This study

not only provides useful reference information for Nanhong agate research and has important significance for

completing the knowledge system and promoting Nanhong agate culture but also offers a new way for investigat-

ing gemstones by using micro Raman technology.
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Fig. 1 Photos for Nanhong agate samples
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Table 1 Basic characteristics of Nanhong agate samples from Baoshan
BEMS /g R~ /em gt B PiRz3 P W/ geom 3 PriTE
YS-1 11.73 2.6X%2.4 4, PR EHI A G &G, S 600 B R PIEW O BEOLE EE 2.63 1.53
YS-2 24.06 3.1x2.2 RAM,EHAXEN A6, AEMAAROELS BOEW BERE ENE 2.61 1.53
YS3 15.89 2.1x2.1 LT, 80 DX ekt B0 1 % SR 4K WOEW  BERE 2.61 1.53
YS-4 11.30 1.4x3.6 208, {0 X B BLER T (0 5 20 (0 W2 R OB BEDEE B 2.63 1.53
YS-5 7.46 1.4%x3.3 RLZL €8, 3853 DX 3 HE B0 8 £ 4% e ANEW DR Eh 2.61 1.53
YS6 5.52  1.6x2.8 WO IRAECURDAD, MoK BHILBELN  ANEWH  BEOEE B 2.61 1.53
YS-7 4.99 1.4x1.4 WG 200, 38 2 DX Sy A 48 (1 AIEY B B 2.62 1.53
YS-8 6.44 1.4%x1.4 PRI S R iR NEY BEEeE Wik 2.63 1.53
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Fig. 2 XRD of Nanhong agate samples
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Table 2 Electron microprobe analyses of Nanhong agates

75 K,0O CaO TiO, MgO ALO;  CrO MnO FeO NiO Na,O SiO, Total K7
YS2-a  0.00 61.25 0.00 0.41 0.01 0.00 1.68 1.06 0.00 0.06 0.02  64.49  JrfkA
YS-2-b  0.00 60.33  0.01 0.01 0.00 0.00 0.86 0.14 0.05 0.00 0.18  61.58  Jif#f
YS-2-¢c  0.00 60.8 0.05 0.02 0.01 0.02 0.76 0.15 0.04 0.00 0.58 62.43  JifRf
YS3-a  0.00 0.03 0.10 0.13 0.78 0.00 0.10 74.69 0.00 0.00 1.64 77.47 YW
YS-3-b  0.00 0.03 0.04 0.04 0.66 0.02 0.08  76.03 0.00 0.00 1.60  78.49 W
YS-3-¢  0.00 0.04 0.00 0.03 0.04 0.00 0.06 0.08 0.02 0.00  99.90 100.18 A%
YS-5-d  0.03 0.00 0.06 0.00 0.25 0.00 0.02 0.01 0.00 0.00  99.88 100.25 A%
YS5e  0.09 0.07 0.04 0.01 0.05 0.10 0.05 84.45 0.00 0.01 2.25 87.12 B
YS-5-f 0 0.03 0.11 0.00 0.01 0.25 0.00 0.01 86.76 0.00 0.01 2.16  89.34 WY
YS-7-a  0.04 0.00 0.00 0.01 0.00 0.00 0.00 0.39 0.03 0.00 98.49  98.97 WM
YS-7-b  0.00 0.01 0.03 0.00 0.01 0.00 0.00 0.13 0.00 0.00  100.70 100.92 A%
YS7-c  0.00 0.03 0.00 0.02 0.03 0.00 0.00 1.71 0.00 0.03 98.76  100.58  FHE
YS7-d - 0.00 0.00 0.00 0.04 0.01 0.09 0.00  74.02  0.11 0.07 12.31  86.66 kW
YS-7-e  0.00 0.02 0.02 0.00 0.00 0.08 0.00  75.96 0.00 0.02 10.98  87.09 &%
YS7-f  0.00 0.01 0.02 0.03 0.00 0.03 0.03 74.69  0.01 0.04 14.08 88.93 #W#
YS8a  0.02 0.06 0.07 0.02 0.01 0.23 0.00  73.31 0.02 0.07 15.64  89.43 W
YS-8-b  0.00 0.03 0.02 0.00 0.00 0.15 0.06  78.18 0.00 0.05 9.36  87.85 WY
YS8c  0.00 0.06 0.04 0.00 0.01 0.20 0.00 80.22 0.01 0.02 5.51 86.07 W
YS8d  0.03 0.04 0.00 0.01 0.04 0.12 0.07  74.87  0.07 0.08 12.63  87.95 i #
YS-8-e  0.01 0.00 0.10 0.05 0.00 0.14 0.00  71.25 0.00 0.01 17.12  88.68 WY
YS-8-f  0.00 0.05 0.01 0.00 0.04 0.09 0.01 70.02  0.04 0.01 20.07  90.34 BHH
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Table 3 Abundances of major elements ( wy/% ), trace
elements and rare earth elements (wy/107%) in

Nanhong agates

5 YS-5 YS-7 YS-8
SiO, 98.51 98.26 98.41
Na,O 0.830 1.000 0.822
ALO; 0.278 0.209 0.344
Fe,O3 0.108 0.038 0.102
K,O 0.076 0.104 0.078
Ca0 0.644 0.114 0.076
MgO 0.053 0.095 0.088
TiO, 0.023 0.038 0.030
ZnO 0.003 0.006 0.004
MnO 0.002 0.004 0.003
S 0.028 0.034 0.027

P 0.010 0.011 0.011

&t 100. 56 99.92 99.99
2.42 1.20 2.53

Cr 222 248 252

Co 0.69 0.69 0.59

Ni 4.36 4.14 3.20

Cu 9.64 5.03 2.99

Zn 8.41 5.07 2.68

Sr 5.26 13.10 7.39

Y 0.37 0.07 0.27

Zr 1.27 0.78 2.45

Mo 0.95 1.37 2.50
Ba 4.86 6.15 24.70

Pb 14.0 13.1 16.1

La 0.51 0.79 0.33

Ce 0.60 1.21 0.33

Pr 0.05 0.11 0.03

Nd 0.13 0.35 0.07

Sm 0.03 0.07 0.07
Eu 0.01 0.02 0.01

Gd 0.09 0.11 0.04

Tb 0.01 0.01 0.00

Dy 0.04 0.05 0.01

Ho 0.01 0.01 0.00

Er 0.04 0.03 0.01

Tm 0.01 0.00 0.00
Yb 0.20 0.03 0.01

Lu 0.06 0.00 0.00
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Fig. 4 Thermogravimetric spectra of Nanhong agate samples



3 g8 AR mr IR L LG R A O LB R T 425

YR, LERE S VS-S BT RO BB EGE WIS A 3BTRS , b T AR A R T L
R AT RIS AR AP TE, AR TTIE 5 pm B RIRI S5 M I 40 TRl BLAE 252, 2015)
5, 68 4 HE AT B AR, 45 SR K £
5), I g S MR LI E T R S R 3 B AL IO RS S LB
PRSI S . LA L o ] B R B PR e
K ZE PRI LT R A R ARG R . B 3.1 BET MRS
B R IR (0 K IR 7S B R 5 LT A T A B 58 R AT 540 T 3 R T %
FIBh. A HURAEAET S BORT R b G R TR ORI SO ABUET 9B 6), 0 AT 11254

6000

5500}
5000}
45008
4000}
35000
3000}
2500}

2000 ” - %, i .
3000 3200 3400 3600 3800
% fem™!

s PLLES S LUK (5 B B G

Fig. 5 Inclusions in Nanhong agate samples and micro Raman spectra of water
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Fig. 7 Morphologic characteristics of Nanhong agate and images of scanning electron microscope
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