CHAPTER I
CHARACTERISTICS OF SOME SONGEA CORUNDUM

3.1 Introduction

All characteristics observed from Songea corundum will be reported in this chapter.
All fifty two corundum samples were selected to represent whole batch (more than 1000

grains) collections that were mostly provi Thai traders. The selection was usually

based on varieties of color of these samples yently, detailed color coding was carried
out by comparing with the GIA Gem. Set &
—

physical and gemological prw—-' | 6

gravity, refractive index, lu

rement and observation of other
T —

ied out. They include specific
r spectroscopic studies and
trace compositions, both t but these results will be
reported in the next chapter ere carried out using basic
gem testing equipments and ich details will be described in

individual section.

3.2 Color

Gem coruRQums.. is.area ly_have a wide range of color including

ery combination in between

but do not appear to be quute in ruby color range Mixed oﬁ;olors in a single grain is a

significant feature fﬁcﬁfj Iﬁe‘zavq Ej Wl’?w 71 may show orangy red,
undy” color (

pinkish red, purplishijired called “wine” or ‘bur ammerling et al., 1995).

o v b 10 DY T L
colorless varigties (Figure 3 In addition, stones rious colo tches are also

distinguished (Figure 3.2). Representatives of each color variety were then selected for

detailed study and comparison with GIA Gem Set.
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SONGE A

Red variety Purple variety

S 0 NG E A
Blue variety T Mixed of yellow and colorless variety

Figure 3.1 Corundum samples from Songea were Separated into 5 color varieties.

44 _4' J -
P -"-IJ
Color codes of representatxve sampies obtained from comparison with the GIA

Gem Set can be generally subdlwded |nto 5 vanet|es Red vanety is composed of red (R), red

orange (RO/OR) and orangg- (O). Purple variety contains violet (\7)3“. reddush purple (rP), bluish
purple (bP), purple (P) and Q‘l-_erle red (PR/RP). Blue variety is _(_T_]ostly blue (B) and violet blue
(vB). Yellow variety is wildly characterized by yellow (Y), orangy yellow (oY), greenish yellow
(gY), yellow green (YG/GY) green {G)'and" colorless variety (C); In addition, 16 samples have
color patch or zoning; therefore they are ngt summarized.in this category, but they are shown
in Appendix /A. Consequéntly, samples, of 5 initialcolor variefies wefe studied in details on

gemological properties and other significant investigations.
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1 mm — 1 mm
] —3

sgb31: rim IvB7/3 core YG/GY2/1 sgb38: mdoR4/3 & IV8/1

sgb30:
Figure 3.2 Color patch and Zoni _ . a-Col rf}s\in‘yvhich their color codes are
based on GIA Gem Set. | |

3.3 Physical and Gemological prog rtle

hl
1"
ll
\.i‘
*

Most of corundum SaﬂlﬂféSdn m&mn re rounded pebble rough stones
(A ..3

and are less than 1 caréf :.:.:.:_-:.:_-:,.,,.:_~3?‘.'.'.’E::,-.f::.:. it shape. Besides, some red

stones is fracture chips havi pﬂtly filled by iron stain. This

character makes the stone Iogk orange. Purple and yellow varieties are usually rounded

grains which appeﬂ%ﬁj Q%ﬁ%ﬁtngﬂ ﬂﬁy refer to the alluvial

deposit. Gemologicallproperties of these stones are measured and presented mostly in
peend AR W"Tﬂﬁﬂ"ﬁ*’m’ I NYAY

“Purple and blue varieties exhibit a color change, ranging from weak to
distinct. In purple variety, samples are purple/reddish purple in fluorescence light and are
shifted to strong purplish pink in incandescence light (Figure 3.3). Blue variety shows blue
color in fluorescence light and is shifted to weak purple color in incandescence light (Figure

3.4).
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Luminescence characteristics of Songea samples under ultraviolet lamps are
inert to moderate red under long wave and inert under shortwave as shown in Table 3.1.
Moreover, the red variety of Songea corundums was examined using cathodoluminoscope
(CL) model CLmk3A of CITL (Cambridge Image Technology Limited) at Department of
General Science, Faculty of Science, Kasetsart University (Figure 3.5). Because study of
cathodoluminescence is conventionally used for examination of ruby, only red variety
samples were selected for this investigation. Samples appear very weak red only at the rims

(Figure 3.6). Very weak cathodoluminesce ' Welated to iron contents in the samples.

suppressed by iron. The trace
J

Qence (EDXRF) yield very high

Ir :n. ee next chapter). This may cause

Figure 3.3 Purple variety

purplish pink i : cence tight(right

¢
1) : m g\l M g Vi . d
Figure 3.4 Blua variety appearing blue rim and light yellow core in fluorescence light (left) and

weak purple color in incandescence light (right).
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/,
Figure 3.5 Cathodoluminoscope; model CLmk3A,"Qa:fnbr1dge Image Technology Limited,

based at Kasetsart-University. ' -

-7

Figure 3.6 Image of a red.variety of Songea corundum under cathodoluminoscope showing
\

.j

A,

rather weak reaﬁminescenbe.

Table 3.1 Summary of physical properties of representative corundums from Songea under

this study.

Varieties SGe R Birefringence e il I

n, n, LW SW

Red 33.89-4.02 1.773-1.780 1.765-1.772 0.008 weak orange to inert

(av. 3.99) moderate red

Purple 3.85-4.02 1.7721.777 1.763-1.768 0.009 weak red inert
(av. 3.91)

Blue 3.92-3.98 1.774-1.775 1.765-1.770 0.007 inert inert
(av. 3.95)

Yellow 3.92-4.08 1.771-1.778 1.763-1.769 0.008 inert inert
(av. 4.02)

Colorless 3.74-3.83 1.774-1.779 1.766-1.771 0.008 inert inert
(av. 3.78)
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3.4 Internal Features
3.4.1 Microscopic Observation

Songea corundum samples were firstly examined under a binocular
microscope (model SMZ-U) attached with FUJIX digital camera (model HC-300zi) at
Department of General Science, Kasetsart University (Figure 3.7) for initial investigation of
internal features. This examination is aimed at characterization of all internal features,

including mineral inclusions. This fundamhn\él/i tion was crucial to design for further

works (e.g. Raman spectroscopy aﬁlﬂiﬂ.e"rél c mineral inclusions etc). Finally, all

for d tia f
data can be used for iscuw;b'oten I h@nd perhaps origin of Songea
corundum. / // \\ | \

AN , :
Internal featur r microscope in Songea samples generally
. i -

are fractures with iron stain, minute particles, short to long rutile

v A
‘ nﬁ,j_ing rprin d negative crystals (Figures 3.8 to

~

‘epresenta e's mineral inclusions were then
ing/Eieetron PrabefiMicro-Analyzer (EPMA). However, this
chapter will report mineral typesf-’a'fid'&he@-"'-%—spectra only; mineral chemistry of
k e s
A

selected for chemical analysis

inclusions will be discussed

Figure 3.7 Microscope attached with digital camera at the Department of General Science,

Kasetsart University were used for investigation of internal features.
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Figure 3.8 Iron-stained fractures and short ,Fi,gure 3.9 Long rutile needles set in 60/120°

rutile needles (sample sgb23 of /:;:{ directions with dust particles

red variety). — - '—:(.sample sgb42 of purple variety).

’4.: " iy
1_! e 'ﬂ-

Figure 3.10 Short brown nebdles gathering in Figure 3.11 Fm’gerprmts features found in

hexagonal foMq (sample sga14 Smré;ea corundums (sample
of purple variety—)’: $gb40 of purple variety).

Figure 3.12 Hexagonal growths zoning (sample  Figure 3.13 Negative crystals (sample

sgf143 of yellow variety). sgb46 of purple variety).
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3.4.2 Laser Raman Spectroscopic Determination

About thirty samples containing mineral inclusions were prepared and
polished until those inclusions were exposed to the surfaces, and they were subsequently
analyzed using Laser Raman Spectroscopy (Renishaw Ar LASER 514 nm, green with He-Ne
LASER 621 nm, red) source at the Gem and Jewelry Institute of Thailand (GIT) (Figure 3.14).

Investigation of mineral inclusion indicates that the most common mineral

\7’7|d0te feldspar, hematite, garnet, mica,

inclusions in Songea corundum are apat

paragonite and rutile.

inclusion.

a

Rutile is the mos ch found in all color varieties

in the forms of needle and cryétals Their colors are black, dark red brown, orange red and

orange yellow coloﬂ W%% ﬂéﬁﬁ Wﬂaq F?F%t size and are found

particularly in purple Variety. Dark red brown rutile mclusuons present mostly in red and in
some =R WY Mﬂﬁ“ﬂﬁi‘w"f’ﬂ VIR T~ v
whereas smalljorange yellow rutile inclusions are mostly found in yellow variety. Black and
brown rutile crystals are usually associated with fluid inclusions (Figure 3.15) whereas orange
rutile inclusions show tension disc. Transparent epidote inclusions usually are colorless while
some pale yellow, epidote inclusions are found as single/aggregate crystals in purple variety
(Figure 3.16). Large inclusions of pinkish orange, orange, light brown and near-colorless
garmets are usually found in purple corundum variety and sometimes in red variety that can
be observed by naked eye (Figure 3.17). Feldspar inclusions are recognized in blue variety;

they show aggregate, oval and transparent grains (Figure 3.18). Paragonite and apatite
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inclusions are rarely observed in Songea corundum. Paragonite inclusions are flat hexagonal
shape and surrounded by crack and iron stain. Apatite inclusion present as small transparent
crystals (Figure 3.19), mica inclusion is small transparent crystal in purple variety (Figure
3.20) and hematite is formed as brown to black opaque inclusions (Figure 3.21). All internal
features found in each color variety of Songea corundums under this study are summarized in

Table 3.3.

r
2

- |

Figure 3.15 Large black opaque rutile inclusion closely associated with fluid inclusion in
sample sgd92 of purple variety (top) and Raman spectrum (bottom) of rutile

crystal as pointed by white arrow.
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Figure 3.16 Single and aggregate crystals of epidote inclusion in sample sgd90 of purple

variety (top) and Raman spectrum (bottom) of epidote crystal as pointed by

white arrow.
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Figure 3.17 Large pinkish orange garnet found in sample sgd94 of purple variety (top) and

Raman spectrum (bottom) of garnet crystal.
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Figure 3.18 Transparent feldspar in sample sgd88 of blue variety (top) and Raman spectrum

(bottom) of feldspar crystal as pointed by white arrow.
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Figure 3.19 Small transparent apatite inclusion in sample sgd124 of yellow variety (top) and

Raman spectrum (bottom) of apatite crystal.
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Figure 3.21 Small transparent hematite inclusion in sample sgd114 of red variety and its

Raman spectrum (bottom).



Table 3.2 Internal features in Songea corundums discovered in this study.

Color varieties Internal features

Red Crystal inclusions: black and brown rutile with short and long
needles, garnet, paragonite and hematite
Crack, iron stain, minute particles

Purple Crystal inclusions: black and orange rutile with short and long
needles, epidote, garnet, paragonite and mica
Minute particles, 7."‘1 orints

Blue Crystal inclusic Mhy stals, rutile needles and feldspar
Minute pai ngerpri /J

Yellow Crystal inclusiens? s erutile, rutile needles and apatite

Colorless

AU INENTNEINS

ARIANTAUNIINGIAE
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3.5 Chemistry of mineral inclusion

Electron Probe Micro-Analyzer (EPMA) at Macquarie University, Australia
(Figure 3.22) was engaged to analyze mineral inclusions. Most mineral inclusions initially
identified by Raman Spectroscopy were selected and prepared. Three to seven corundum
grains containing mineral inclusions were placed into round mold, then they were filled by
rasin (Figure 3.22). Subsequently, the samples inclusions were polished until inclusions were
exposed to the surface. Unfortunately, some wrjusmns were gone during polished process.
There were finally, garnet, feldspar, eptdote a

ilable for analysis; moreover, quality

of polished surface around expoeehcllmorlﬁ is s@es very low. Some inclusions are

—— W ——

quite tiny. These lead to Iowc?ﬂ A analyses (Table:3.3).
All available y

recalculated on"basis of proper oxygen atoms
_'e 2 O‘_).'for rutile. and 24(0) for garet (Table 3.3).

arnaLysgs bd; also give more information that will be

such as 4(0) for feldspar, 1

These analyses not only confi

ant ineral ‘chemlstry of these inclusions

i -i

el
indicate that garnet is rich in al ine‘¢ d?hﬁfe sp‘%r yields about 40% Ca of mole
.l

d epidote are likely pure phases.

(ot - i

DT “‘“"‘7‘?“
;
i
.{‘_
-

Figure 3.22 EI%ctron Probe Micro Analyzer (EPMA) at Macquarie University, Australia (left)

and sample preparation (right).
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Table 3.3 EPMA Analyses of some mineral inclusions found in Songea corundums.

sgdo4 sgdss sgdss sgd90 sgd92 sgd92 sgd99
garnet feldspar1 feldspar2 epidote rutile1 rutile2 rutile3

Si02 38.88 58.24 57.00 37.27 0.02 0.02 0.02
Tio2 0.07 0.00 0.02 0.24 97.19 96.14 97.65
Al203 21.91 26.24 26.20 27.06 0.00 0.00 0.23
Cr203 0.02 0.00 0.04 0.04 0.04 0.00 0.01
FeO 26.29 0.10 0.13 6.50 0.53 0.56 0.44
MnO 0.35 0.05 0.00 0.11 0.00 0.01 0.02
MgO 4.84 0.00 0.00 0.00 0.00 0.00 0.00
ca0 8.36 8.27 2361 0.03 0.01 0.01
Na20 0.04 ‘4 001 0.05 0.00 0.07
K20 0.00 / 0.03 0.02 0.00
NiO 0.00 0 0.01 0.00 0.00
P205 0.00 . 00— 0.00 0.04 0.01
cl 0.01 ‘-!!""' 0 0.00 0.01 0.00
Total 100.75 : 97.89 96.80 98.46
Formula 24(0) 4 } 2(0)

Si 6.017 | 2886 0.000 0.000 0.000
Ti 0.008 F ) 0.996 0.996 0.994
Al 3.995 | —t 0.000 0.000 0.004
cr 0.00 - U 0.000 0.000 0.000
Fe2+ 3.402 : Jhi. 0.006 0.006 0.005
Mn 0.046 0.902: % 0 0.000 0.000 0.000
Mg 1.116 0 ..MJ 0 0.000 0.000 0.000
Ca 1.387 397041 0.000 0.000 0.000
Na 0.011 0.5842 5 0.001 0.001 0.000 0.002
K 0.000 0.0167 J,V& ] 0.002 0.000 0.000 0.000
Ni 0. = 0.000 0.000 0.000
P 0. - .000 0.000 0.000
Total 15.9 1.005 1.004 1.005

Note: sgd88 (feldspar1 = oval sm)e and lighter, feldspar2 = rounded @pe and darker), sgd90 (colorless

epidote), sgd92 (rutile1 = blfzhnd rod shape, rutilg?

oss o, B4 ) %%HVI INEINT
q RIAINTU NN INY1AE

= black and oval shape), sgd94 (big pinkish
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KAISi,Oq4
Orthoclase

A sgd8s

sanidine

Alkali feldspar 50

by 1i?e
100 }I = O\
NaAISi,O, 0 100 CaAl,Si,O,
Albite Anorthite

Figure 3.23 Feldspar nomenclature: o thocla: rorthite ternary plotting composition of

feldspar inclusions in-Songéa-corunc ified from Klein and Hurlbut, 1977).
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