CHAPTER VI
DISCUSSION AND CONCLUSION

7.1 Introduction

In this chapter, an attempt will be made to compare the chemical data,
luminescence behavior and types of mineral inclusions of Songea corundum with those of

some well known basaltic and metamorphi

7.2 Trace element composition %

The chemlcaIM EDXRF analysis of the red and purple varieties of

Songea corundum are compa ' . e basaltic.and metamorphic rubies and

the blue variety is shown in"Tahle 7:2. As Ho n in; Tal ' / nd 7.2, the red, purple and

blue varieties of Songea coru e ext e i ), content comparable to those of
. :

B[ d variety of Songea corundum is
plotted closer to Chanthaburi rubles of basaltic or|g|n (Flgure 7.1). Although Luc Yen pink

sapphires of metanﬁuﬂﬂ}\w waﬁmﬂﬁq ﬂﬁ to the red variety of

Songea, TiO,/ Ga,0, #atios of Luc Yen are somewhat Iower The other vanetles of Songea

corundums a ma g?ﬁ m T]OHI!TI@ E]I metamorphic
rubies. However, their Fe,0,/Cr,0, ratios are much high due to the fa t smaller amount of

Cr,0, are actually present in other color varieties. The plot of Fe203 versus Ga203 contents
(Figure 7.2) also shows similarly that all varieties of Songea corundum fall closer to
Chanthaburi rubies of basaltic origin (some Songea corundums even have higher Fe,O,

content than the Chanthaburi rubies).
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Plots of TiO,+Fe,O, versus Ga,0, and Fe,O, versus Ga,0O, of all Songea
samples with blue sapphires from some basaltic and metamorphic sources are displayed in
Figures 7.3 and 7.4, respectively. These plots can clearly discriminate the Songea blue
sapphire as well as the other varieties of Songea corundum from those basaltic and
metamorphic blue sapphires. The blue variety contains high TiO,+Fe,O, or Fe,O, contents
similar to those of basaltic blue sapphires and clearly higher than those of metamorphic blue

sapphires (Figure 7.3). However their Ga,O, contents fall somewhat closer to those of the

metamorphic blue sapphires. Some Songea i

the basaltic blue sapphires (Figure 7.2 \\\

Table 7.1 Comparison of n~- 25 in the »,,gnd purple varieties of Songea
corundum with those 9_ .54//:- It usn bles and pink sapphires.

*basaltic

Chanthaburi (10) ruby 0.09-0.49 0.57-1.57

Localities Varieties “ - te (Wt %)
(no. of sample) Cr,0, Fe O,

*metamorphic

Mong Hsu (27) ruby 0.Q4:" fr f 7 0.02-0.19 0.42-5.99 0.03-0.26
W.Africa (11) ruby e 0.02-1.2¢ 0.03.4.) 003039  0.42-0.62
Tamatave (9) ruby w4 <0.01 0.19-0.57  0.03-0.64
llakaka (22) pink 0.06-0.13  0.04-0.61
Luc Yen (51) pink 0.02-0. <0.13 0.04-1.82  0.03-1.06
Songea (12, 8) ﬁ:u EJ w ﬂom ‘w E}q ‘n ‘3 05054  1.04-1.69

<0.02 001-023 <o 02 <o 14 1.01-1.91

w'mewwammmm UNNINYIQ Y
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Figure 7.1 Trace compositions plotting cer 5,0, and TiO,/Ga, 0, of all Songea
corundum samples | ; >tamorphic rubies.
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Figure 7.2 Fe,O, versus Ga,O, plots of all Songea corundum samples and some basaltic and

metamorphic rubies.
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Table 7.2 Comparison of trace element oxides in the blue variety of Songea corundum with

those of some basaltic and metamorphic blue sapphires.

Localities Varieties Trace Elements (Wt.%)

(no. of sample) Ga, 0, TiO, V,0, Cr,0, Fe,O,

basaltic

Kanchanaburi (13) blue <0.05 0.02-0.20 <0.02 <0.03 0.48-1.76

Inverell (27) blue 0.02-0.04 0.02-0.15 <0.01 <0.01 0.66-1.32

Cambodia (18) blue 0.03-0.22 <0.01 <0.02 0.38-2.08

metamorphic

Sri Lanka (11) blue <0.03 0.09-0.41

Skaraha (19) blue <0.07 0.09-0.66

llakaka (10) blue <0.06 0.05-0.32
‘ bl <0.03 1.13-2.06

*with the counesy of GIT

0.1

Ga203
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Figure 7.3 Plots of TiO,+Fe,0, vs Ga,0, of all Songea corundum samples and blue sapphires

from some basaltic and metamorphic origins.
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7.3 Luminescence

Luminescence under ultraviolet lamps (both long wave and short wave) of all
Songea corundums are compared with some colored corundums from major deposits of
metamorphic and basaltic origins (Table 7.3). In general, luminescence in basaltic corundum
is relatively lower than that of metamorphic corundum having the same color shades.
However, for Songea corundums, luminescence is inert to moderate under longwave and
mostly inert under shortwave. This characteristic is quite different from other metamorphic
corundums. Instead, they seem like basaltic origing Moreover, samples in red variety of
Songea corundums examined by cathodoluminesCope  vield unexpectedly very weak
luminescence (Figure 7.5). Thisss*0bvieusly different from.strong cathodo-luminescence of

Umba metamorphic ruby (Rigure7.5) swhich also comes from the same Mozambique

Orogenic belt of Tanzania.

Songea Umba
Figure 7.5 Cathodo-luminesgénce of red Songea corundum._appears rather weak red in

contrast to_strong red“ef an Umba metamorphic ruby.
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Table 7.3 Luminescence under ultraviolet of corundum from other localities compared with

Songea corundums (modified from Hughes, 1997).

Variety Long wave Short wave

Red variety: Songea Weak to moderate red Inert

Ruby: Myanmar, Sri Lanka Moderate to very strong red or Moderate to strong red or red-orange,
(metamorphic) red-orange slightly weaker than long wave

Ruby: Thailand, Cambodia Weak to moderate red or red- Inert to moderate red or red-orange,

(basaltic) orange slightly weaker than long wave
Ruby: Kenya Strong \‘ ng )oderate to very strong red or red-
(metamorphic) orange : ~wworange, slightly weaker than long wave
Purple variety: Songea cakred | ing
Purple and violet sapphire: oy aNg ‘strong red to orange-red
Sri Lanka (metamorphic) ; ‘ N ~ \

] FIZ Ay
Blue variety: Songea Ineg j J"‘—i" VR N
Blue sapphire: Sri Lanka ert 10 stro ;gd 6r q‘ \' 0 moderate red or red-orange,

dﬂ', , X

(metamorphic) dhi s ightly weaker than long wave
Blue sapphire: Myanmar Inertto ‘ oF @rar 2rt to moderate red or orange

(metamorphic)

Blue sapphire: Cambodia, Generally i ! Generally inert, rarely week chalky blue

Blue sapphire: Kashmir ert to | te red or orang rmoderate red or orange

-

(metamorphic)

Yellow and orange sapphire: 'gdemte orange-moderate red Inert

it ﬂum ﬂ TNEA.
Yellow and orange sap tln I’o st gorange to orange-red

Sri Lanka (metamorphlc) orange-red

e RN A NN Y

Australia, Thallan% (basaltic)

Colorless variety:b Songea Inert Inert
Colorless sapphire: Sri Lanka Inert to strong orange to Inert to moderate orange to orange-red,
(metamorphic) orange-red rarely weak to moderate chalky blue to

green
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7.4 Mineral inclusions

Mineral inclusions in Songea corundums observed under microscope and
identified using Raman Spectroscopy are apatite, epidote, plagioclase, garnet, hematite,
mica, paragonite and rutile. They are summarized and compared with mineral inclusions
reported from other metamorphic corundums including Umba corundums (Hughes, 1997;

Wathanakul et al., 2002) in Table 7.4. The comparison is aimed to distinguish Songea

corundums from other deposits in Mozambi It and elsewhere. Unfortunately, data sets

of mineral inclusions in corundum ong the Mozambique belt have not
\\\

been widely published; henceq&a S‘Sts corundums are used for this

comparison. / ~
As shown in e ine

Umba and Songea; they a

boehmite, calcite, dolomite,

almandine gamet and paragonit e:&‘sc in this study (Table 7.4). These new

mineral inclusions, especially almandtﬂ'@d probabl
b 7 NS

metamorphic origin of Soﬂpea corundums ﬁ'them

metamorphic environment.ia’ a r different from that in the

Umba Valley area. The relafi ‘Iy -r_{i_éh ' ich co@ depress the luminescence

behavior) in Songea corundumeémay be related to ¢he fact that there are several BIF found in

this metamorphic beﬂ u EJ ’g tV] EJ ‘ﬂ j W EJ q ﬂ i

As foryne Mangari ruby from Kenya located within Mozambique belt and the
Mogok mby&%savalﬁarﬂ %%I%&%fﬂ\i@mﬂ&ls’ig}was%}n as diaspore,
graphite, monaqzite and zircon, which are uncommon in Songea corundums.

The comparison between Songea corundums and basaltic corundums from
Kanchanaburi (Thailand), Huai Sai (Laos) and NSW & Anakie (Australia) is shown in Table
7.5. Apatite, epidote and almandine garnet are still unique for Songea metamorphic
corundums (Table 7.5). Feldspar, mica and rutile have been reported from both basaltic
localities and the Songea but they may contain difference types of feldspar, for example

orthoclase feldspar has been reported in Kanchanaburi sapphires while plagioclase feldspar
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is found in Songea corundums. Besides, other basaltic mineral inclusions such as biotite,
bismuth, diopside, ferro-columbite, gahnite, herceynite, ilmenite, monazite, nepheline,
pleonaste, pyrrhotite, pyrite, spinel, thorite and zircon are absent from Songea metamorphic

corundum.

Table 7.4 Mineral inclusions found in corundums from Songea and other metamorphic

corundum deposits.

Minerals 1Mogok ruby

Apatite X ' - X
Boehmite Y | —

Calcite

corundum Songea corundum

Diaspore X

Dolomite v ™

Epidote ’ X

Feldspar B : andesine

Garnet e almandine
Graphite X il
Hematite ‘ F oz X

Mica HaEfrt - (blotite) x, paragonite

Monazite = e X

Paragonite [ ; X
Pyrrhotite
Rutile X m e x (needles & crystals)
Spinel < B A

Zircon _,_x.-ffA“.-- it 2 -
" Hughes (1997); ZWatHaMM (5&)27 I EJ VI

Y

PR TUAMINYAE
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Table 7.5 Mineral comparison between Songea corundum and basaltic corundums from

South East Asia and Australia.

Minerals 'Kanchanaburi ’Huai Sai *NSW & Anakie Songea
sapphire sapphire corundum corundum

Apatite X

Biotite X

Bismuth X

Diopside

Epidote :\Q:\\\ H/ . X

Feldspar orthoclase - — andesine

Ferro-colombite

7,1 Sk
Gahnite //// “\\\ \\
Garnet Il'// &E &\\w\&\ ' almandine
Hematite Il'/g ‘\\\\\\ X

Herceynite l " ..A\\\\\

[Imenite

i [ Jeskds

Mica X, paragonite

¥

Monazite

Nepheline

Pleonaste

Pyrrhotite

Pyrite

Rutile X ‘ o Y,

PV WENAS

Thorite q X X

! Intasopa et al. (1998); * Wathanakul'e al."'(z.I| a %g'e! (1 JQ?? I Y

3
Lo
o
v =
)
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7.5 Petrogenesis

Because of the fact that Songea corundums have been mined from secondary
alluvial deposits. Hence their geological origin was largely obliterated. It is however an
additional purpose of this research to gain some information on the petrogenesis of
corundum-bearing rocks before the weathering, erosion, transportation and re-deposition
have taken place. The study on the mineral chemistry of inclusions was consequently carried

out to get more evidences for this aspect. C | compositions of some mineral inclusions
were reported in section 3.5 and Tab /7

Garnet is chemlc me -rich composition that could
‘ﬁ' —

be comparable to compositi ite-biotite-garnet-albite-quartz

schist from Dora-Maira massi , 1992). Alimandine garnets
can be crystallized in wide al hornfels, granulite and
eclogite facies. However, the

Feldspar inclusi

range (Ca-Na feldspar), which t

2l

(Figure 3.23). The andesine co n andesine antiperthite in two-

A -
i A 2o 4

pyroxene granulite, chamockite senes‘ms § ';? eer etal., 1992).
B e T

The EPMA jnalysw of epnd(te ; sions unfortunately yield

somewhat low total oxide ten maII grained size and low

quality of polished surface.yowé'ver, h sults s‘(_i‘ﬁ give qualitative information
indicating the compositions of eépidote and rutile (Reer et al., 1992). Epidote could be formed

i a wide range of ﬂ abbroc ortifign) dfdenisohittd arbdnibait facies, and even in

hydrothermal alterat|on Rutile usually goriginates in.high pressureg jhigh temperature
conditions o@oﬁﬂaaﬁaﬂ ﬁmima%s@g& %{}alﬂ @at E]Never can also
be found in ign%ous rocks.

Unfortunately, the composition of paragonite and several unknown mineral
inclusions could not be confirmed by EPMA, due to the difficulty of sample preparation.
Otherwise they should give some good evidences to unravel the origin of Songea corundums.
However, an experiment running from 520°C at 1 kbar to 630°C at 7 kbar that are in

amphibolite facies mentioned by Deer et al. (1992) is an interesting reaction as follows:
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Paragonite - albite + corundum + water

Concerning petrology of Mozambique rocks in Tanzania, they are composed
of Archaean basement and several younger metasedimentary sequences (Moeller et al.,
2000; Appel et al., 1998). They reported that this metamorphic belt appeared to have been
metamorphosed several times. Granulite facies were likely to be the peak of the

metamorphism. Usagaran rock sequences mainly occupy the Songea deposits as a part of

the Mozambique Belt, particularly on th raton. Rocks of these sequences are
characterized by medium- to - @c gneisses, schists, granulites,
quartzites, marbles and a ). P-T estimations of

Mozambique granulites have bee r and 750°C -800°C (Sommer et
al., 2003). .

Besides mineral i II?zﬂe_d before or equilibrated at the
time of corundum crystalliz ‘é%eposits could originate in a
granulite facies rocks and ibolite facies rocks. This is

because epidote is usually forme lo e rade) amphibolite facies while

rafé’éin éhrg@m rphic grade) granulite facies. The
other inclusions, e.g. andesme plagu),clggb e?d%mte mica, could be equilibrated in

both amphibolite and ul i 5-..-.-..:»....-.“:..-1..:;.:;;::3;:;;;;;% gould also be started from

almandine garnet is normally equi

epidote-corundum amphibo :

rock transition t« de-0f garnet-corundum granulite
| - |

rock have taken place.

76 Consusons ﬂuﬂ%%ﬂﬂﬁWﬂﬁﬂi
Physwawha'amma\mm URIINYIA Y

The dominant characteristics of corundum samples from Songea for this study
are unique in range of color, generally are red, orange, blue, violet, purple, yellow, green,
colorless, etc, and every combination in between.

Change of color can be observed in purple and blue samples. The varying
reaction to ultraviolet light are common in red and purple varieties which display weak to

moderate red in long wave and inert in short wave. Cathodo-luminescence of Songea
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corundums, particularly red variety is very weak red (similar to basaltic corundum), and are

obviously different from other metamorphic corundums.

Trace element composition

Fe,O, contents in Songea corundums are obviously higher than most

metamorphic corundums (e.g. Mong Hsu, Sri Lanka, llakaka, Sakaraha and Luc Yen). They

Thailand and Cambodia. In addition, Fe,O,
I’ ; those of basaltic corundums.
-

9 °

are close to range of basaltic origins, such

contents of some Songea corundums,

=
Petrogenesis 7' i

Mineral inclusi indS . jurr apatite, epidote, feldspar,

The presences of epidote inclusion Mgy Sugge af'the corundum might have formed at
. .ﬂ‘;"' iy ':‘; ]
high pressure and high temperature—m:dt%i{mgé facies and subsequently retrograded to low

| el

metamorphic events in Mozambique Belt (Usagaran in this area). Corundums appear to have

been equilibrated ﬂ'ﬂ gq%dwg W% E}ﬁTﬂnﬁ conditions between

amphibolite facies andigranulite facies. More corundum samples and their inclusions should

e T TR INEN A 8

Heat treatment

Songea corundums have low potential for heat treatments either in oxidizing
condition or reducing condition. This is effected by Mg:Ti ratio of 1:1 and high Fe content,
which trend to turn colorless at high temperature. However, blue shade in purple stone can

be decreased and then improve color quality to red stone.
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