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Mineralogical characteristics of Japanese rainbow garnet

LEI Jia-li', BAI Feng' and LING Xiao-xiao
(1. School of Gemology, China University of Geosciences ( Beijing), Beijing 100083, China; 2. State Key Laboratory of Lithospheric
Evolution, Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China)

Abstract: The mineral structure, chemical compositions and spectral characteristics of rainbow garnet samples from
Tenkawa, Yoshino area, Nara Prefecture, Japan, were studied by Scanning Electron Microscopy with Energy Dis-
persive Spectrometer, Electron Microprobe, Fourier Transform Infrared Spectrometer and Laser Raman Spectrome-
ter. In this paper, the authors analyzed the factors responsible for the rainbow effect and interpreted rainbow
garnet’s formation environment. The backscattering image shows stripes of different shades, the semi-quantitative a-
nalysis of the energy spectrum proves that the elemental composition of light gray stripe is the same as that of pure
andradite, and the dark gray stripe’s elemental composition likes that of Al-containing andradite. The two compo-
nents form a lamellae structure, which causes interference and diffraction of light to produce a rainbow effect. Elec-
tron microprobe analysis makes sure that the main component of Japanese rainbow garnet is close to that of pure an-
dradite. On the surface of the iridescent mineral (rainbow face), the vertical lamellae structure forms a diffraction

grating, which causes the incident light to undergo grating diffraction. The lamellae of parallel rainbow growth cause
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interference of incident light. The light waves generated by the above two actions combine to form the iridescent col-

or. The [ Si0,] peak position and the Fe—0 peak position are affected by a small amount of AI—0 structure in the

reflection infrared spectrum, which proves that the infrared spectrum characteristics of the Japanese rainbow garnet

correspond to those of the andradite structure containing a small amount of Al. The laser Raman spectroscopy test

reveals that the peak position of the high Al moves 2 em ™' in the high frequency direction compared with that of the

less Al content (or none), and the overall spectral characteristics are consistent with the structural features of the

andradite. Japanese rainbow garnet is intercalated with andradite and Al-bearing andradite. It is inferred that it was

formed in an environment rich in Fe and depleted in Al.
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Pliotos of Japanese rainbow garnet samples

Fig. 1
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a,b—Japanese rainbow garnet cluster; c—vertical rainbow surface visible crystal grain Creflect light); d, e, f—red-brown, yellow, green rainbow face
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Fig. 2 Back scattering images of rainbow garnet samples ( the marked points are the semi-quantitative analysis test position

of the energy spectrum)
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a—sample of a red-brown rainbow face; b—sample of a yellow rainbow face; c—sample of a green rainbow face; d—vertical to the surface

of the rainbow sample
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Table 1 Semi-quantitative analysis of energy spectrometer
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HI H2 H3 H4  HS5 H6  H7

HS8 L1 12 L3 L4 L5 L6 L7 L8

Si0, 36.3 36.1 36.0 35.7 355 359 34.9
CaO 34.6 35.1 34.3 35.1 34.5 34.3 35.5
Fe, 0, 26.7 25.7 27.3 26.5 27.4 269 26.7
Al, 04 2.4 3.1 2.4 2.7 2.6 2.9 2.9

36.0 35.5 36.9 36.2 36.1 356 35.3 34.5 36.5
34.5 34.7 33.7 33.7 33.6 34.1 33.2 349 33.3
27.2  29.8 29.4 28.7 30.3 29.4 31.5 30.6 30.2
2.3 - - 1.4 - 0.9 - - -

26, 31% ~ 27. 03%, ALO, & & 0. 83% ~
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Table 2 Electron microprobe analyses of main elements in
Japanese rainbow garnet

i kR R PR GRtaRMm
HA

R-1 R-2 R-3 Y-l G- G2
Si0,  36.79 35.78 36.23 36.56 36.71 36.28
TiO, - - - 0.06 0.05  0.06

Al, Oy 1.38 1.20 0.83 1.13 1.03 1.21
FeO" 26.31 26.70 27.03 26.85 26.86 26.58
MnO 0.25 0.23 0.24 0.28 0.23 0.31
MgO 0.10 0.11 0.08 0.04 0.05 0.06

CaO 33.93  33.60 33.64 33.77 33.67 33.92
Total 98.76 97.61 93.04 98.69 98.60 98.41
Si 3.02 3.03 3.01 3.02 3.03 3.01
Ti 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.13 0.12 0.08 0.11 0.10 0.12
Fe** 1.81 1.87 1.88 1.85 1.85 1.84
Fe?* 0.00 0.00 0.00 0.00 0.00 0.00
Mn 0.02 0.02 0.02 0.02 0.02 0.02
Mg 0.01 0.01 0.01 0.00 0.01 0.01
Ca 2.99 3.01 3.00 2.99 2.98 3.01
And 89.90 92.10 93.26 92.35 92.72 90.87
Gro 9.13 6.91 5.86 6.83 6.53 8.20

JEAh 0.97 0.99 0.87 0.81 0.75  0.94
e B2 AN A TR AT V5
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Table 3  Chemical formula of each testing point according
to EMPA
HEEY AL AR

R-1 (Cag, g9 Mng gy » Mgy 01 03,00 (Fey g5 Alg 130 1,04813.02 012
R-2 (Cag, oy » Mg o » Mo 01 73,04 (Fey g7 Al 15 71,09 51303012
R-3 (Cag, g9 » Mng_ o » Mo, 01 73,03 ( Fey g5 Alp 05 01,06 Si3.01 O12
Y-1 (Cay, g9 Mng g 03,01 (Fey g5 5 Alg 1110650302012

G-1 (Cay, o5y Mg g0 » Mo 01 V3,01 (Fey g5 Aly 100 1.05513.03 012
G-2 (Cag, o1 » Mg o0 » Mgy, 01 03,04 (Fey g4 0 Aly 101,06 513,01 012
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Fig. 3 Triangle diagram of end-members of
Japanese rainbow garnet
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And—andradite; Gro—grossular; Spe—spessartite;

Alm—almandine; Pyr—pyrope
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Fig. 4 Infrared spectra of rainbow garnet
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Fig. 5 Raman spectra of rainbow garnet
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Fig. 6 The band with distinct thickness under a Raman
reflected light microscope
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Fig. 7 Schematic diagram of reflection grating diffraction
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a—diffracted light and incident light on both sides of the grating nor-

mal; b—diffracted light and incident light on the same side of the grat-
ing normal (d is the grating constant, and the distance between adja-
cent slits; « is the angle of incidence of light; g is the light reflection

angle)
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Rossman, 1988)
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Fig. 8 Interference diagram
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551, 0, LI
n,, n, are the refractive index values of different thin layer materials;

h is the thickness of the thin layer; 6, is the incident angle of the

light, and 6, is the angle of refraction of the light

HEMA I TR i IR R ML RN = B T AT
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(Hainschwang and Notari, 2006; #2455, 2008a) .



S s A
CRES BT

555 4

HARULARA T P R R oY 741

H AR uL s IS ™ A 0 S R A P R T35 F AT 4
CIRTERT, 20065 PhAFESE, 2016) . BLIKWTIEN K&
B ) H AR ML A A A SER AL 0N 1 R 5 K fifd
D13 DA B RE B0 5 A 55 1) o T R T R i DR A 4B, #48
I AT SR F 45 B (4R, 2001 2 HEA
&%, 2008b; E/RPEEE, 2011; IWHESE, 2016).
4.2 FHIAHRARY AR E N

TEMT AR A 2 B 0 )46 R AR A R 8 1) 05 A
FAE A, TR A G 854 R AT 54 F if
FEAE UL RN () — P R

R AT BN ER A T E TCA Y B
AN TR, H AR AR A7 T35 B RN
] — AN HEERAT I U2  Hainschwang and Notari, 2006) .
T AR A h 5 R A B 1 00 o TR SRR A A
BB, B RN, SO A AR A T B R
FAAEREM) Fe’ T /DB AP o NS FE, Fe' '
TS HARA SR, TS R B
ARG L, Fe® 5 B AH G >, AV A & 4,
BB AP ATHUAR Fe’ 8l 5 Fe' —iB S 5B A
WA, A=A AL & 1085 Bk A0 A CE85 6],
1987) o W B A3 A7 AE 22 7 1 A0 10 A7 ) 2 2 HE 91 A 1
T HA RN AT AR A
5 4R

(1) HARULA R AR G 0 20 5 24 45
BRI A o REMT U A2 HH T3 A 3 A 4l 11 5 Bk AR A
B AL B IR A B A A8 ELHE S 77 AR I 2 45
HeHI T FARTHAE - 5

(2) HARULA AT I LL AN e b 2 1y
E 5 PR UEES AR A DGR IE — 3. 204G K
T2 Al—0 Hsgm, H AR AR A — S8 I 4
FRUEAE ) s 207 M s 7P &0 rhnl W AL %
B Fe & BARM SALE Fe & B A7 17 =307
M#zE12 em™ ',

(3) HEW HARAL AR AFE RS Fe 35 AL
FIABE I . Fe'* £ B2 55l 7= AR 5 0 s
B A5 5 B AT T B, AL AR & 4R, B Fe’ il
Fe'* —i&Z HIE AR, 7= 4w Al RS A AT
BEAE VSR A RN AL HES AR A B2 TR R L
KA

Bt MR B M Sh AR AR AR TR 8] A AR
RARAET o0, LA E % )P AR o4 &1L 42 P 241
T A Bh, Kb % T A T WA AE T AR B e SR AL 2R
HRERE TS MRIRRFFERRERXF(L
TIREZFREZLHARER T HE R I i Irikm
1R F Bl 18 S, FARAM AR E TH S
b E A B, fE sh—FF B

References

Akizuki M, Nakai H and Suzuki T. 1984. Origin of iridescence in gran-
dite garnet[ J1. American Mineralogist, 69(9 ~10): 896 ~901.
Badar M A and Akizuki M. 1997. Iridescent andradite garnet from the Si-
erra Madre Mountains, Sonor, Mexico[ J]. Neues Jahrbuch fiir Min-

eralogie, Monatshefte, 12: 529 ~539.

Guo Jibao. 1987. An experimental study of the formation conditions of
grossular-andradite series garnets[ J]. Acta Mineralogica Sinica, 7
(4): 382 ~380Cin Chinese).

Fritsch E and Rossman G R. 1988. An update on color in gems. Part 3:
Colors caused by band gaps and physical phenomenal J]. Gems &
Gemology, 24(2): 81 ~102.

Hainschwang T and Notari F. 2006. The cause of iridescence in rainbow
andradite from Nara, Japan[ J]. Gems & Gemology, 42: 248 ~258.

He Mouchun, Hong Bin and Lii Xinbiao. 2002. The feature of raman
spectra of gmssular-andmdile[ J]. Chinese Journal of Light Scatter-
ing, 14(2): 121 ~126Cin Chinese).

Hirai H and Nakazawa H. 1982. Origin of iridescence in garnet: An opti-
cal interference study[ J]. Physics and Chemistry of Minerals, 8: 25
~28.

Hirai H and Nakazawa H. 1986. Grandite garnet from Nevada: confirma-
tion of origin of iridescence by electron microscopy and interpretation
of a moire-like texture[ J]. American Mineralogist, 71: 123 ~126.

Ingerson E and Barksdale J D. 1943. Iridescent garnet from the Adelaide
mining district, Nevadal J]. American Mineralogist, 28(5): 303 ~
312.

Li Liping and Zhang Junli. 2001. Gemmology of abalone shell and analy-
sis on the origin of its iridescence[ J]. Journal of Gems and Gemmolo-
gy, 3(2): 1 ~5Cin Chinese).

Liang Quanting. 1980. Physical OpticsL M]. Beijing: Mechanical Indus-

try Press, 60 ~69, 135 ~138(in Chinese).



742 = A W

mo¥ A

38 4

Liu Y, Shigley J E and Hurwit K N. 1999. Iridescence color of a shell of
the mollusk Pinctada Margartifera caused by diffraction[ J]. Optics
Express, 4: 177 ~182.

Lu Yuanfa. 2004. GeoKit—A geochemical toolkit for Microsoft Excell J].
Geochimica, 33(5): 459 ~464(in Chinese).

Luo Yueping, Zheng Qiuju and Wang Chunsheng. 2015. Variety and
identification of garnet[ J]. Journal of Gems and Gemmology, 17
(3): 36 ~42(in Chinese).

Peng Yanju, He Xuemei and Fang Qinfang. 2007. EPMA studies of iri-
descence of labradorite [ J ]. Acta Petrologica et Mineralogica, 26
(5): 474 ~480Cin Chinese with English abstract).

Peng Yanju, He Xuemei and Fang Qinfang. 2008a. Review on origin of
iridescence in gems[ J]. Journal of Gems and Gemmology, 10(1):
15 ~19Cin Chinese).

Peng Yanju, He Xuemei and Fang Qinfang. 2008b. Exsolution lamellar
structure causes of iridescence in labradorite: Evidence from TEM
[J]. Acta Petrologica et Mineralogica, 27(5): 483 ~488(in Chi-
nese with English abstract).

RRUFF. Andradite RO44441[ EB/OL]. http: //rruff. info/andradite/
display = default/R040001, 2019-1-13.

Shen Chunxia, Liao Jia, Li Guogui, et al. 2016. A study of gemological
characteristics of ammolite[ J 1. Acta Petrologica et Mineralogica, 35

(Supplement 1): 111 ~118Cin Chinese with English abstract).

Wang Chenbo, Chen Tingli and Chen Nan. 2011. The origin of iridescent
plagioclase from Finland: A perspective from the relationship between
the inclusions and the iridescence[ J]. Acta Petrologica et Mineralogi-
ca, 30C1): 150 ~160Cin Chinese with English abstract).

Wei Ji. 1995. Common and beautiful gemstone—garnet [ J 1. Metal
World, 4: 16Cin Chinese).

Zhang Beili. 2006. Systematic Gemmology[ M]. Beijing: Geological Pub-

lishing House, 121: 279 ~294(in Chinese).

Mt e 32 2% STk

SR A, 1987, MATIE 47 s T A AR AR A R S AR T A T Ak
PR sese sl ], W%k, 7(4): 382 ~380.

A, Wk, B, 2002, 85 HR AR S B RS
AECTY. JeH 24, 14(2):

2T, SRR 2001, 0 1S (K 5 A7 S AR K
)], EAMFEAERE, 3(2): 1 ~5.

ZERIE. 1980, WHOLZAIMI. JE5T: HUBCTME Y ARAE, 60 ~69, 135
~138.

ity
121 ~126.
TR 9 A

L . 2004, GeoKit: — N H VBA F4 £ [f HhBR 1k 4% T L 4% R A
[J]. HuBRAL2E, 33(5): 459 ~464.

WO, MK, THE. 2015, ARA KR REET]. S
HHFRE, 17(3): 36 ~42.

WHLAE, M, 7Ty, 2007, B BRI i A ST
LI]. AR E k&, 26(5): 474 ~480.

A, T M, J7 7. 2008a. AR R RN 1 R R AL 3 £ ik
L], RAMEAFRE, 1001

WHLA, IS, J7EJ7. 2008b. BRI A S8R KA BB
Bk AIESHREIIER LT ], AT W2EAE, 27(5): 483
~488.

WAEE, B, 2E5R, %% 2016, BRI A TAFRET L],
BRI A, 35CHT 1)

FRB BREAL, R FE. 2011, Rtk
AEA RIS RRENRARLI]. A0 W&, 3001):
160.

F K. 1995, WM KB EA—AMALT]. SEiR, 4
16.

15 ~19.

111 ~118.

A

150 ~

TRAEH]. 2006. RS E A FIM]. dbat: HuUmH RRAE, 121, 279 ~

294.



