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Gemological Characteristics of Rubies and Sapphires from Tanzania

4t 3| € (Hee-Yul Park)' - A 7 9 (Kyu-Youl Sung)?*

'geoluleta AR
(Department of Gem Identification and Dealer, Open Cyber University, Seoul, Korea)
‘A AAEEATE
(Institute of Environmental Geosciences, Pukyong National University)

o}5t7] 93te] XRD, XRF, EPMA, FT-IR7} SEM-
3 S Aogon W8 AL A A BB
G Bee AEES §pa ol M #808 259 4 Qo 48

Qo
12
Ryl
),i
L
"o
r)-'
io
1o
[
kv
L

it
J,d
_b.
_|1n1
ox

o’J tje
—\.i

A e
(daughics mivera)e] AT B3 UEE Feolth. QAT 320 SEM-CL A0 A=
b ue WA, Sud 0, 04EAs g So| pagt £Hs) Apelels 283 3
o gl ofa) F3lo] FEHM, ALOYI00-CrOxFe:0; Tholol 28 22t That Fojo) wAE
th FIIR 2425 @uoltt 34 Aasoel 25 fA19 g48 Helx 3101:4 455.09~459.23
em’, 603.15~611.71 em™’, 1509.00~ 1655.05 cm]9]- 3436.41 ~3468.87 cm oA &2 ¥z} BEg
th A dake Sahlolt B8] B8 U X F3¢] 489 Auz B8Y 4 vk

FR0| 1 2%, gAYl WiEE, SEM-CL, 23] 714

ABSTRACT : XRD, XRF, EPMA, FT-IR, and SEM-CL studies were carried out in order to
characterize gemological features of corundum from Tanzania. Fluorescence reaction of the Tanzanian
corundum to short and long wave ultraviolet rays was weakly detected. Inclusions in Tanzanian
corundum are divided into five types, Type 1 is fluid-rich inclusion, Type I is gas-rich inclusion,
Type HI is liquid CO, inclusion, Type IV is solid-rich inclusion, and Type V is a mixture of fluid
and solid inclusion and daughter minerals. SEM-CL images show twin structure with growth texture,
microphenocryst of spinel solid inclusions, massive and growth texture. Ruby and sapphire from
Tanzania are distinctly distinguished by concentrations of Fe and Cr, and plotted in the particular field
at ALO3/100-Cr05-Fe;O;  diagram. According to FT-IR analysis, all corundum specimens from
Tanzania showed the similar patterns, and absorption peaks of 455.09 ~459.23 em”, 603.15~611.71
cm”, 1509.00~1655.05 cm™ and 3436.41~3468.87 cm™'. These distinctive characteristics mentioned
above can be used to identify the locality and source of corundum stones from Tanzania.
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Fig. 1. (A) Rough stones of corundum from Tanzania (B) Classification of rough stones of Tanzanian

corundum by color.
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Table 1. General gemological characteristics of the rough stones of corundum from Tanzania

Sample No. Color R1" SG? FC?
T-01 Colorless 1.770 4.00 none
T-02 Colorless with brown tint 1.765 3.99 none
T-03 White with brown tint 1.760 4.00 none
T-04 Pinkish white 1.765 3.99 none
T-05 Dark blue 1.760 3.99 none
T-06 Light blue 1.770 4.00 none
T-07 Light orange 1.760 3.99 inert
T-08 Pale green 1.760 4.00 none
T-09 Pale brown 1.765 4.00 none
T-10 Pinkish brown 1.770 3.99 none
T-11 Dark brown 1.770 4.01 none
T-12 Light pink 1.760 3.99 none
T-13 Pink 1.765 3.99 none
T-14 Pinkish red 1.760 4.00 none
T-15 Light red 1.770 3.99 none
" retractive index; ” specific gravity; % fluorescence color
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Fig. 2. Fluorescence effects of different corundum from Tanzanian. (A) Under daylight; (B) Reaction
with long wave ultra violet (365 nm); (C) Reaction with short wave ultra violet (253 nm).
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Fig. 3. X-ray diffraction patterns of Tanzanian corundums. (A) Ruby; (B) Sapphire.
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©
Fig. 4. Microphotographs of inclusions in corundum from Tanzania. (A) Type I;
Type II; (D) Type IV; (E) Type V. All pictures are taken at x100.
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Table 2. Characteristics of corundum from different localities
Locality Form & Habit Inclusions Remarks
Ruby
Burma Tabular prism Calcite, dolomite, angular. rutile, apatite, Metamorphism of dolomitic
zircon, garnet, mica, sphene, pyrrhotite limestone
Thailand Tabular prism Angular rutile, pyrrhotite, apatite, garnet, Granite
plagioclase, boehmite
Sri Lanka Tabular prism Zircon, biotite, pyrite, long angular rutile  Pegmatite insertion to gneiss
Sapphire
Kashmir Prism combined Zircon, tourmaline Himalaya mountains
with dipyramid
Burma Prism combined Angular rutile, apatite, dolomite Metamorphism of dolomitic
with dipyramid limestone
Montana Flat and prism Angular rutile, calcite, Analcime, pyrite, Plate tectonic motions
(USA) combined with biotite
dipyramid
Sri Lanka  Prism combined Angular rutile, apatite, albite, feldspar, Pegmatite injection to gneiss

with dipyramid

hematite, dolomite, phlogophite, pyrrhotite,
pyrite
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Table 3. Chemical composition of the rough
stones of corundum from Tanzania
(unit: wt.%)

Elements S-1 S-2 S3 R-1 R-2 R-3

ALO; 9577 9695 9451 9437 89.831 93.03
MgO nd* nd nd nd 197 278
TiO, 0.16 nd. nd. 056 029 063
Si0, 063 nd. nd. 111 258 0.60
Fe, 03 1.10 099 152 054 043 042
Cr03 nd. nd. nd 0.79 0.63 041
Co0; 022 025 050 021 008 0.20
Ca0O 025 nd. nd 045 2.09 0.12
ZnO nd. nd. nd. nd 007 0.07
P,0Os 0.25 nd. nd. 0.34 1.07 nd.
Zr0O, 008 006 nd. nd. nd nd
SOs nd. nd. nd nd 012 nd
Total 98.46 98.25 95.01 97.81 99.14 98.26

* n.d.: not detected

Al,0,/100
c %

Fig. 5. Comparison of chemical composition
between sapphire and ruby from Tanzania plotted
in triangular diagram of AL,O3/100-Cr05-Fe;0s.
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Fig. 6. SEM-CL images of the polished Tanzanian corundum. (A) Twin structure with growth texture;

(B) Microphenocryst of solid inclusions of spinel.
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Fig. 7. SEM-CL images the polished Tanzanian corundum. (A) Texture of massive; (B) Growing texture.
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B2A, Faololuy vl Ad, AMHA 2
9] Si-Oy Al-O AE, FHAze e Yol w
Fab71e) A% sjAdsted f-8-8tH(Blackburn

and Dennen, 1994).

FT-IR #4123, Atgoloje} FH] 67] A&
ol BF uf§- fASE S Bolm glow,
455.09~459.23 cm™'9} 603.15~611.71 cm’ojjA]
53 S5 ga3rt #FE(E 8). 1509.00
~1655.05 em™ ' o] A ek LAY Gy F
4 HasSo] BAHH, 3436.41 ~3468.87 cm’
T Y37 FEHAY 979 2o FYs)
A %tk AlEWME R-2 uho] 1438.03 cm o)A

Table 4. Result of quantitative analysis of corundum and inclusions of monazite and spinel in corundum

from Tanzania

(unit: wt.%)

Corundum Monazite Spinel
Sample No.

T1-01 T3-01 T9-01 T14-01 T1-02

ALOs 98.60 93.14 99.03 7.91 35.77

SiO; nd.* n.d. n.d. 8.56 35.16

FeO 1.40 0.98 0.97 n.d. 480

K,O n.d. 2.49 n.d. n.d. n.d.
CaO n.d. 0.34 n.d. 1.15 n.d.
Na,O n.d. 0.85 n.d. n.d. n.d.

MgO n.d. n.d. n.d. 0.34 2426
TiO, n.d. n.d. n.d. 0.28 n.d.
Y203 n.d. n.d. n.d. 2.72 n.d.
Cey0s n.d. n.d. n.d. 22.13 n.d.
P-0:s n.d. n.d. n.d. 28.51 n.d.
LaxOs n.d. n.d. n.d. 14.22 n.d.
Nd>Os n.d. n.d. n.d. 8.05 n.d.
ThO, n.d. n.d. n.d. 6.14 n.d.

Total 100.00 97.78 100.00 100.00 100.00

* n.d.: not detected
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Fig. 8. FT-IR absorption spectra for Tanzanian corundum. (A) S-1; (B) S-2; (C) S-3; (D) R-1; (E) R-2;
(F) R-3.
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