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THE CHEMICAL CHARACTERISTICS OF MAN SIN
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Abstract

Man Sin is located about 5 km to the northeast of Mogok. It is
bounded by Latitudes 22 ° 57" 05" to 22°58" 30" N and Longitudes 96° 32’
00" to 96° 33" 00" E, in part of UTM Map 47Q KF 2296- 09. Jedi spinel
(Hot spinel) was first discovered at Man Sin mine in 2009. This mine
produces as varieties of coloured spinel, but most of them are intense red
spinel principally Jedi spinel (Hot spinel).Chemical analyses of Man Sin

spinel indicate that Al,Osranges from (71.5 — 60.5 wt %) and MgO
from (26.6 — 18.5 wt %). The high concentrations of elements were Cr (3.66
—0.008 ppm), V (0.633 — 0.005 ppm), Fe (2 — 0.03 ppm), Zn (0.725- 0.038)
and Zr (1.103 — 0.219 ppm) respectively. Ti (0.113 — 0.008 ppm) and
Ga (0.052 — 0.003 ppm) are generally low in concentration. Fe+TivsV+Cr
and Cr+TivsV+Fe plots indicate that they are negatively associated. In
Fe-V- Cr Ternary diagram, the red spinel from the Man Sin mine has two
population: one is coloured by higher Cr content (> 80 ppm) and V content
(> 40 ppm) but Fe content is (12 to < 10 ppm) in red spinel. The other group
has average value of Cr and V ranging from (40-60 ppm). In these two
groups, one which has higher Cr content shows more attractive red colour.
Moreover, pink spinel also shows two groups. One is rich in Cr and other is
rich in V. Fe concentration in these two groups is intermediate (35-55 ppm).
One sample shows the significantly excessive Fe concentration (nearly
100 ppm) and thus the colour of this spinel is greenish blue. Trace elements
(V, Ti and Zr) are positively associated with Cr but other trace elements
such as Fe, Ga and Zn are negatively associated with Cr, which display
increase of Cr content with decrease of Fe, Ga and Zn contents.
Conversely, red spinel from Htayan Sho mine indicates that Fe content is
(> 40 ppm) and the amount of V and Cr contents is (< 60 ppm). So, the
constraint on the attractive colour of Man Sin Hot spinel is due to the
Cr rather than other trace elements such as V and Fe; pink and purple spinel
are due to Fe and Cr, V and Ti, and the green spinel is due to the Fe. On the
other hand, red spinel from Htanyan Sho is due to the average concentration
of Fe and V rather than Cr and the purple spinel is due to higher
concentration of Fe than V respectively.
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Introduction

Spinel has been used as a gemstone and was mistaken for ruby in the
past and can be ranked next to ruby and sapphire due to lack of cleavage,
higher dispersion and wide range of colour. It mostly occurrs in
metamorphosed impure dolomitic limestone where the protolith was partly
incorporated with clayey materials. These rocks were later affected by higher
temperature regional metamorphism. One of the attractions of spinel is wide
range of its elegant colours. For red spinel, the finest colors tend to be similar
to ruby. However, Spinel tends to be slightly more bright-red colour than
ruby and is called ‘Ruby Spinel’ (Balas Ruby). Some spinel colours are more
rare and valuable than others. In Myanmar, the finest spinels were
producedfrom Man Sin mine in Mogok which was operated about 12 years
ago, but pocket of jedi spinel (hot spinel) was first found only in 2009
(Pardieu, 2014). Although it was found in 2009 as famous attractive coloured
spinel, the composition of such a beautiful gemstones from Man Sin area has
not yet been studied in detail.

Location and Size

The research area is located in Mogok Township, Pyin Oo Lwin
District, Mandalay Region. It is situated approximately 205 km to the
northeast of Mandalay and 5 km to the northeast of Mogok. It is bounded by
latitudes 22 ° 57" 05" to 22°58" 30” N and longitudes 96° 32’ 00" to 96° 33’
00" E. This area also lies between horizontal grids 400 to 425 and vertical
grids 470 to 490 in UTM Map 47Q KF 2296- 09.The research area is about
2.5 km in N-S and 2km in E-W and the total area coverage is about 5 square
km. Location map of the study area is shown in (Fig. 1).

Methods of Study
Field Work

Field work was carried out with conventional methods together with
some modern equipment such as GPS which were plotted on Google Earth
Map. Samples were collected from the Man Sin primary deposit as well as
secondary deposit. Moreover, spinel samples from Htayan Sho mine were
collected for comparative study (Fig. 2 A-D).



J. Myanmar Acad. Arts Sci. 2018 Vol. XVI. No.5 169

95" a5 9600 9700 "W,

T

- Ar‘, 4 &
HtayanShe n%" o

-Google

L State Boundary |~ ~ T

O Study Ares

Figure 2 (A-C) Hot spinel crystals from Man Sin mine and (D) Spinel crystals

from Htayan Shomine.
Laboratory Work
Analytical Method
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For the present study, sixteen collected spinel were selected for
analysis which includes thirteen samples from Man Sin mine and three
samples from Htayan Sho mine. They sent to DGSE and MGJEA Labs. The
major oxide and trace element concentrations of spinel samples were analyzed
by using ED-XRF (X- Ray Fluorescence Spectrometry) method.

Chemical Composition of Man Sin Spinel

Analysed EDXRF results for major oxides and trace element
concentrations are shown in Tablel. These samples, in general, have Al>O3
(71.5 — 60.5 wt %) and MgO (26.6 — 18.5 wt %).The high concentrations of
elements were Cr (3.66 — 0.008 ppm), V (0.633 — 0.005 ppm), Fe (2 — 0.03
ppm), Zn (0.725- 0.038) and Zr (1.103 — 0.219 ppm) respectively. Ti (0.113 —
0.008 ppm) and Ga (0.052 — 0.003 ppm) are generally low in concentration.
The concentrations of these elements are graphically presented in (Fig. 3).
Fe+Ti and V+Crare used to interpret the colour variation in Man Sin spinel
and the plot indicates that they are negatively associated (Fig. 4). Moreover,
Cr+Ti and V+Feare used to interpret the colour variation in Man Sin spinel
and the plot indicates that they are negatively associated (Fig. 5).

In Fe- V- Cr Ternary diagram, the red spinel from the Man Sin mine
has two population (Fig. 6). One is coloured by higher Cr content (> 80 ppm)
and V content (> 40 ppm) but Fe content is (12 to < 10 ppm)in the red spinel.
The other group of red spinel has average value of Cr and V ranging between
(40-60 ppm). In these two groups, one which has higher Cr content shows
more attractive red colour than the other group which is coloured by average
contents of Cr and V. In these two groups, Fe plays a minor role. Moreover,
pink spinel also shows two populations. One is rich in Cr and other is rich in
V. Fe concentration in these two groups is intermediate (35-55 ppm). One
sample shows the significantly excessive Fe concentration (nearly 100 ppm)
and thus the colour of this spinel is greenish blue.
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Table . Concentration of Major Oxides and Trace Elements of Man Sin Spinel
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Figure 3. Trace elements variation diagram of spinel from Man Sin mine
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Figure 4. V+Cr and Fe+Ti plot indicates that they are negatively associated
for the colour variation in Man Sin spinel
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Figure 5. Cr+Ti and V+Feplot indicates that they are negatively associated
for the colour variation in Man Sin spinel
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Figure6. Fe- V- Cr Ternary diagram showing increasing Cr contents in red
spinel with two groups, and increasing Fe content in pink spinel with Cr rich
and V rich groups and higher Fe concentration in greenish blue spinel from
Man Sin mine. See also Table 1.

The present study typically indicates that Cr content is higher than V
and Fe contents in red to pink spinel, but more Fe content in greenish blue
spinel. According to chemical analyses and Ternary diagram, the colour of
Man Sin spinel depends on Cr with minor influence of V and Fe.

Moreover, trace eclements (V, Fe, Ga, Zr, Zn and Ti) versus
Crvariation diagrams also explain the correlation of these elements in the Man
Sin spinel (Fig. 7 A-E). In these diagram, trace elements (V, Ti and Zr) are
positively associated with Cr but other trace elements such as Fe, Ga and Zn
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are negatively associated with Cr, which display increase in Cr content with

decrease in Fe, Ga and Zn contents.

Comparison of Man Sin Spinel with HtanyanShoSpinel

The comparison of trace elements (Cr, V, Fe and Ti) of spinel from

Man Sin with HtayanSho is shown in Table 2.
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In the variation diagram, the concentration of trace elements Fe+Ti
and V+Cr are used to interpret the colour variation of spinel from two mine
sites(Fig. 8 A, B). This diagram shows that colour variation in Man Sin mine
has higher concentration of Cr with V contents than those of HtayanSho mine
but the amount Fe with Ti concentrations are less.

Fe- V- Cr Ternary diagram shows that the increasing amount of Cr
content with decreasing amount of Fe and V contents in red to pink spinel
from Man Sin mine than Htanyan Sho mine (Fig. 9). Spinel from Htayan Sho
mine indicates that Fe content is (> 40 ppm) and the amount of V and Cr
contents are (< 60 ppm).

Table 2. Comparison of Trace Elements (Cr, V, Fe and Ti) of Man Sin Spinel
and Htayan Sho Spinel
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Figure 9. Fe- V- Cr Ternary diagram of Man Sin and HtayanSho spinel. See
also Table 2

Conclusions

Spinel deposits are located from central to south east Asia and
associated within the Himalayan mountain belt which was formed by
continental collision between the India and Eurasia during the Tertiary. Spinel
was formed both mafic igneous rocksand metamorphic rocks which occurred
in carbonate series and underwent high temperature amphibolite to lower
granulite grade regional metamorphism (Malsy & Klemm; 2010). The spinel
is formed at temperatures 600°- 700°C. Depending on the amount of
magnesium which played an important factor for colouring during the genesis
of spinel. Spinel would form when magnesium exceeds aluminium (Themelis,
2009).
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At Mogok, spinel was formed as a result of contact metamorphism or
skarnmetasomatism within regionally metamorphosed basement rocks where
the presence of fluids played an important role (Iyer, 1953; Themelis, 2009).
Spinel occurs within a relatively narrow aluminium rich layer in the marble. It
is very resistant to chemical and physical weathering but its host marble is
much less resistant to weathering. Therefore spinel is easily liberated from the
marble and transported by streams and occurred as alluvial deposits.

Jedi spinel (Hot spinel) was first discovered at Man Sin mine in 2009.
This mine produces varieties coloured spinel, but most of them are intense red
spinel and principally Jedi spinel (Hot spinel) (Pardieu, 2014). Moreover, it is
an only active source for hot spinel in Mogok. At Man Sin, spinel occurs as
porphyroblasts in marble as primary deposit and also excavated from gem-
bearing gravel in alluvial (secondary deposit). The primary rocks were clayey
limestones and calcic limestones. They may become dolomitic limestone by
metamorphism (Giibelin & Koivula, 2005) where, high temperature regional
metamorphism and then larger- scale transformation of carbonate rocks, high
mobilization and migration of many chemical elements containing Al and Cr
in the dynamothermal metamorphism of carbonate rocks (Kisin et al., 2016)
occurred.

The formation of Man Sin spinel in the marble is due to the presence
of certain amount of magnesium in the spinel- graphite marble. Graphite and
spinel association in the marble indicates that this marble (limestone for the
protolith) was deposited in the carbon and magnesium rich environment.

The chemical analyses indicate that the constraint on the attractive
colour of Man Sin Hot spinel is Cr rather than other trace elements such as V
and Fe; pink and purple spinel are due to the concentration of both Fe and Cr,
V and Ti and the green spinel is due to Fe. Conversely, red spinel from
HtanyanShois due to the average concentration of Fe and V rather than Cr and
the purple spinel from HtayanSho is due to higher concentration of Fe than V
respectively.
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