J. Earth Syst. Sci. (2021)130:92
https://doi.org/10.1007/s12040-021-01602-5

Ó Indian Academy of Sciences
(0123456789().,-volV)(0123456789(
).,-volV)

Occurrence and origin of opaline silica in the
Mesoarchean Bangur chromite deposit, Singhbhum
Craton, India
ROJALIN DEBATA1,2 and BIBHURANJAN NAYAK2,*
1

Academy of ScientiBc and Innovative Research (AcSIR), Ghaziabad 201 002, India.
CSIR-Institute of Minerals and Materials Technology, Bhubaneswar 751 013, India.
*Corresponding author. e-mail: brn69@rediAmail.com
2

MS received 29 August 2020; revised 9 February 2021; accepted 9 February 2021

Occurrence of opal is being reported here from the Mesoarchean Bangur chromite mines area in the
Boula–Nuasahi ultramaBc complex (BNUC) of Odisha, India. The opal shows colour bands in mm to cm
scales. From the X-ray diAraction pattern, it is identiBed as a variety of opal-CT consisting dominantly of
a-tridymite and a-cristobalite with very minor quartz. This is the Brst report of opal from BNUC area.
High-resolution Beld emission scanning electron microscopy (FE-SEM) reveals that this opaline silica is
nano-crystalline and consists of silica spherules (10–20 nm) with occasional ill-deBned cubic and
tetragonal crystallites. Selected area electron diAraction (SAED) pattern obtained through transmission
electron microscope (TEM) reveals that it is polycrystalline in nature. Multi-point analysis by electron
micro-probe (EMP) indicates its composition to be *95 wt.% SiO2. From its mode of occurrence in the
Beld and the type of mineral inclusions in the opal, its genesis can be coined with the second phase of
magmatic event (the Bangur gabbro intrusion) and the related hydrothermal alterations. We interpret
that the silica has been derived from the host maBc and ultramaBc rocks at a high-temperature regime
(1000–500°C) during the Bangur gabbro intrusion. During this magmatic event when the host rocks were
hydrothermally altered, SiO2 was released and precipitated as opal-CT.
Keywords. Opal; Opal-CT; Bangur; Boula–Nuasahi ultramaBc complex; hydrothermal alteration.

1. Introduction
Opals are generally composed of micro-spheres of
hydrated silica (SiO2nH2O) with a high degree of
structural disorder (Webster 1975; Leechman 1984)
and are paracrystalline to non-crystalline materials
(Smith 1997). Based on the mineralogical composition, three different types of opals can be distinguished depending on the main constituent revealed
by X-ray diAraction (Jones and Segnit 1971). OpalC is a well-ordered form consisting predominantly
of a-cristobalite (with only a small amount of
a-tridymite), opal-CT is a semi-crystalline variety

consisting of disordered a-cristobalite with a-tridymite stacking and opal-A is the most disordered
variety and is predominantly amorphous. Recently
two more different classiBcations have been proposed based on Raman spectroscopy and the temperature of formation of opals. According to the
classiBcation based on Raman spectroscopy, opalsCT are generally of volcanic origin and more crystalline than opals-A, which are of sedimentary origin
(Smallwood et al. 1997; Ostrooumov et al. 1999;
Sodo et al. 2016). The other classiBcation, based on
temperature of formation was proposed by Rondeau
et al. (2004) in their work on opals from Slovakia
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where ‘low-temperature’ type formed below 45°C,
are sedimentary, while the ‘high-temperature’ type
formed between 100 and 170°C, are of volcanic
origin.
Although opal is very much in business as a
gemstone or semi-precious decorative stone in
India, there is hardly any scientiBc literature on
Indian opal occurrences. During an investigation of
chromite ores and their associated country rocks
from ‘Bangur Chromite Mines’ of Boula–Nuasahi
ultramaBc complex (BNUC), in the Keonjhar district of Odisha (Bgure 1), we collected some lightgreenish colour rock samples that look like
serpentine were later conBrmed to be a variety of
opal after careful examination in the laboratory.
This type of opal is associated with the brecciated
and partially altered ultramaBc rocks and has a
sporadic distribution. It was located in the southern part of the non-operational opencast chromite
mine of Bangur around 25–30 m depth and in the
underground mines at +30 mRL as well (Bgure 2a).
Mostly it occurs as isolated or discontinuous veins
in the fractures. Opaline silica was also located as a
thin crust on an exposed weathered ultramaBc rock
which could be originally part of a vein, but later
exposed on the surface. After cutting sections,
it was found that the samples exhibit alternate,
sinuous bands varying in colour from cream/
light-green to darker green and are traversed by
cross-cutting veins of greenish colour minerals
(Bgure 2b and c). The samples also contain discrete
and minute black grains of chromite. From X-ray
diAraction studies, and from their chemical composition these samples were conBrmed to be a
common type of opal. The speciBc gravity of this
opaline silica was found to be 2.07. Although
opalization of serpentinite is not uncommon in
ultramaBc complexes elsewhere (Antonovi
c and
Vaskovi
c 1992; Isßik et al. 2005; Boschi et al. 2009;
Kuresevi
c and Vusovi
c 2012), this is the Brst report
on the occurrence of opal in the said ultramaBc
complex. In this paper, we describe the mineralogical and geochemical characteristics of the
above opal type and discuss its genesis.
2. Geological setting
Situated on the southeastern Canks of Singhbhum
Craton, the Boula–Nuasahi ultramaBc complex is
emplaced into the regionally metamorphosed
green-schist facies metasedimentary rocks of
Mesoarchean Iron-Ore Group of India ([3.1–3.3
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Ga; Mukhopadhyay 2001; Aug
e et al. 2003). It
forms an elongate body (*3 km long 9 0.5 km
wide) trending NW–SE in its northern part and
N–S in southern part (Bgure 1). The BNUC consists primarily of four major lithostructural units:
(1) an extensive gabbro–anorthosite suite, (2) a
peridotite unit that hosts three chromitite layers,
(3) a pyroxenite unit, and (4) a very coarse-grained
gabbro unit known as the Bangur gabbro.
Although at places the massive and homogenous
pyroxenite unit crosscuts the western edge of the
peridotite unit, the Brst three units appear to be
syngenetic while the Bangur gabbro has a clear
discordant relationship which intrudes the other
three units in the southern part of the complex and
includes a curvilinear, narrow but 2 km long NWtrending breccia apophysis. The region is transected by a network of Proterozoic dolerite and
ultramaBc dykes and younger NNE-trending cross
faults (Saha 1994). On the western footwall side of
the complex, the medium-grained gabbro-anorthosite unit includes pyroxene-rich gabbro, olivine
gabbro, norite, anorthosite, and layers of titaniferous and vanadiferous magnetite (Chatterjee
1945). The gabbro in the eastern hanging wall side
is predominantly massive and Bne-grained. The
intrusive Bangur gabbro was injected into a shear
zone giving rise to a breccia that cuts the earlier
ultramaBc units obliquely and also the host gabbro-anorthosite unit. The formation of the breccia
was followed by hydrothermal activity within the
gabbro matrix giving rise to alteration of silicate
minerals and partial alteration of the chromite to
ferritchromite. The hydrothermal activity is wellevidenced by sulphide mineralization which is
associated with significant PGE concentrations as
well (Aug
e et al. 2002; Aug
e and Lerouge 2004;
Mondal and Zhou 2010; Khatun et al. 2014; Jena
et al. 2016). The opaline silica was found to occur
primarily as veins in the fractures of the brecciated
rocks in the Bangur area (Bgure 2a).
3. Methods of investigation
Polished sections of the sample were prepared by
conventional techniques by mounting in araldite
followed by grinding and polishing with diamond
paste and were studied using a Leica-make
reCected light optical microscope (Leica DM4P)
in order to identify the included opaque minerals.
On the same polished mounts, elemental mapping
was done using a JEOL-make Electron Probe
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Figure 1. Geological map of the Boula–Nuasahi ultramaBc complex (BNUC) showing the study area; modiBed after Aug
e et al.
(2002).

Microanalyzer (EPMA; JXA-8200 WD/ED
Combined Micro analyzer having three numbers
of WDX spectrometers) at an accelerated voltage
of 20 kV and with beam current of *27 nA.
High-resolution images of the sample were

obtained with a ZEISS SUPRATM 55 Scanning
Electron Microscope equipped with a Beld-emission electron gun (FE-SEM) at an accelerated
voltage of 15 kV. Representative fractions of the
sample were ground to below 45 lm size using a
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Figure 3. Powder X-ray diAraction (PXRD) pattern of opalCT from Bangur area, Odisha.

4. Results and discussion
4.1 Structure of the opaline silica
Figure 2. (a) Field photograph showing the occurrence of
opaline silica as veins (marked with arrows) in the fractures of
brecciated rocks in the underground Bangur chromite mines at
+30 mRL. (b and c) Hand specimens of opaline silica showing
banding and transverse cross-cutting veins.

pulverizer for various analytical studies. Powder
X-ray diAraction (XRD) technique was used to
identify the major mineral phases using Panalytical-make XPERT-PRO diAractometer with
CuKa radiation operating at 40 kV and 30 mA.
The sample was further analyzed by an FEI
make TECNAI G2 20 TWIN 200 kV transmission electron microscope (TEM) having an EDS
X-ray analytical facility. For this, a pinch of
powder sample was suspended in ethanol and
subjected to ultrasonication for a period of 20
min for well dispersion. Around 10 micro-litre of
the sample was then put on a carbon-coated
copper grid and left under an IR lamp for drying
out the ethanol. Selected area electron diAraction
(SAED) patterns were recorded from different
areas. Bulk geochemical composition of the
sample was obtained for major and minor elements by X-ray Fluorescence (XRF) Spectrometry using a PANalytical ZETIUM (Minerals
Edition) spectrometer against WROXI (Wide
Range of Oxides) standards. For this purpose, a
fused glass disc was made in a CLASSIE make le
neo Fluxer by taking a mixture of 1 g of powdered sample, 10 g of Cux (Lithium tetraborate)
and 0.2 g of releasing agent (Lithium Iodide
crystals).

4.1.1 X-ray diAraction studies
The sample was identiBed as a variety of opal from
the X-ray diAraction data (Bgure 3). It was identiBed as opal-CT containing a-tridymite and
a-cristobalite with trace amounts of a-quartz. This
diAraction pattern is consistent with cristobalite
that contains stacking disorders, i.e., with interstratiBed cristobalite and tridymite (Fl€
orke 1955;
Jones and Segnit 1971). The diAraction peaks
indicating the presence of the above phases can be
described as follows:
Peak A is the most intense peak with a d-value
of *4.11 
A that corresponds to the combination of
reCections of hkl (101) of a-cristobalite and hkl
(–404) of a-tridymite (Fl€
orke 1955) or the hkl (002)
of the hexagonal polytype H of tridymite (Graetsch
1994; Ghisoli et al. 2010). This peak is the most
characteristic peak of opal CT. Peak B is a
shoulder peak corresponding to d *4.32 
A, is a
weak peak, diagnostic of tridymite (Kastner et al.
1977; Banerjee and Wenzel 1999), and is possibly
associated with the (040) plane of a-tridymite
(Ghisoli et al. 2010). It also corresponds to the
most intense peak of tridymite (Graetsch et al.
1994), but it can also be diagnostic of a-cristobalite
as this peak is not present in the b-phase (White
et al. 1988). Some authors such as Smith (1997)
and Herdianita et al. (2000) have considered this
peak as the characteristic of opal CT. The presence
of this peak is indicative of the quite ordered

J. Earth Syst. Sci. (2021)130:92

Page 5 of 11 92

structure of the sample (Ghisoli et al. 2010). The
next intense reCection, Peak C with a d-value of
*2.50 
A is a secondary peak formed by juxtaposition of reCections of hkl (200) of a-cristobalite and
hkl (341) of a-tridymite and is derived from the
stacking sequence of the two phases a-cristobalite
and a-tridymite (Fl€
orke et al. 1991). This peak is
indicative of the abundance of well-ordered cristobalite (Jones and Segnit 1971). The medium
intensity Peak D with d value of *3.34 
A corresponds to a-quartz. While Peak E corresponding
to a d-value of *1.46 
A is a peak of a-cristobalite,
the Peak F with d-value of *2.94 
A corresponds
to a-tridymite. Peak G, a secondary peak corresponding to d-value of *2.07 
A is a weak peak
resulted from the juxtaposition of hkl (202) of
a-cristobalite and (–432) of a-tridymite (Ghisoli
et al. 2010).

4.1.2 Electron microscopic studies (TEM
and FE-SEM)
Selected area electron diAraction (SAED) patterns
were obtained in a 200 kV transmission electron
microscope (TEM) on particles from different
bands and veins of the sample which are presented
in Bgure 4. The diAraction patterns indicate that
the opaline silica, in general, is a semi-crystalline
material and the crystallinity of the material varies
in different bands and sometimes within the same
band. High-resolution secondary electron images
(SEI) obtained from a Beld-emission scanning
electron microscope (FE-SEM) reveals that the
opaline silica sample consists of sub-microscopic
size (10–20 nm) silica spherules (Bgure 5a and b).
The silica spherules are almost uniform in a particular band. Only in some cavities well-crystalline
silica (*200 nm) which is likely to be cristobalite,
occurs in octahedral (cubic) and trapezohedral
(tetragonal) forms (Bgure 5c).

4.2.1 Optical microscopy

Figure 4. Selected area electron diAraction (SAED) patterns
of opaline silica from different colour bands, Bangur area,
Odisha. (a) SAED of greenish band silica; (b) SAED of
whitish band silica and (c) SAED of cross-cutting greencoloured vein.

Different colour bands and the cross-cutting veins
in the opal sample visible in the hand specimen are
distinguishable under the optical microscope due to
differences in their micro-structure (Bgure 6a and
b). However, the microstructure remains more or
less uniform in a particular band. The discrete

black grains that are sparsely distributed within
the sample are identiBed under reCected light
microscopy as chromite (Bgure 6a, b and d). The
chromite grains are sometimes pitted, usually
fractured, and the fractures are often occupied with

4.2 Petrography and chemistry
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also within the fractures of chromite grains
(Bgure 6d). These phases were identiBed as metallic
alloy phases of Fe–Ni–Cr, Ni–Fe–Cr–Co and
Ni–Fe–Cr–Co–Cu by EPMA (Bgure 7). Both
chromite grains and the metallic alloys together
may constitute only \1 volume % of the sample.
4.2.2 Chemical composition by EPMA
and WD-XRF
Chemical composition of the opal sample was
measured by WDS at nine different points in
EPMA. The selected area was also analyzed. It
revealed SiO2 between 94.16 and 95.22 wt.% which
indicates that the water content could be around
5 wt.%. However, in some point analyses, traces of
FeO and/or MgO (together \1 wt.%) have been
recorded. It is noted that while the light-green
bands contain MgO, the darker green bands and
the cross-cutting veins – both contain some FeO. In
addition, the bulk powder of the sample was analyzed in WD-XRF spectrometry which revealed
that the sample contains (in wt.%) SiO2: 86.06,
Al2O3: 0.80, FeO: 3.49, MgO: 1.56, MnO: 0.02,
TiO2: 0.14%, CaO: 0.22, Cr2O3: 2.67, V2O5: 0.01,
and NiO: 0.05 totaling 95.02. Conventionally
measured loss on ignition (LOI) in a mufCe furnace
at 950°C was 4.88% which is in well agreement
with the XRF analysis. Excluding SiO2, all other
impurities are primarily contributed by the
chromite grains present in the sample.

5. Discussion
5.1 Source of silica

Figure 5. FE-SEM secondary electron images of opaline silica
from Bangur area, Odisha. (a) Uniformly distributed and
extremely Bne silica spherules (*10 nm in size) on a cutsurface of the sample; (b) silica spherules (*20 nm) on a
fracture surface and (c) crystalline cristobalite in ill-deBned
octahedral and trapezohedral forms (*200 nm) found in a
cavity.

supergene phases. Some cream coloured brighter
minerals with very high reCectance were found to
be associated with the vein silica (Bgure 6c) and

The occurrence of this opaline silica as isolated and
sporadic veins in the fractures of Bangur breccia,
sometimes being closely associated with partially
altered ultramaBc rocks and containing mineral
inclusions of isolated chromite grains and occasionally traces of Fe and Mg in micron levels hints
towards its derivation from the country rocks in a
late-stage. At this juncture, it is important to take
note of the geological set-up and history of the
BNUC. The fact that the co-genetic maBc–ultramaBc rocks of the area (gabbro–anorthosite,
pyroxenite, peridotite–chromitite) have been
aAected by another phase of magmatic event evidenced by the later intrusion of the Bangur-gabbro
is a well-acceptable phenomenon (Mondal et al.
2001; Aug
e et al. 2002; Aug
e and Lerouge 2004;
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Figure 6. Optical photomicrographs of opal-CT and associated phases under plane-polarized reCected light. (a) Two distinct
bands of silica with different structures; while the top band is porous, the bottom is massive; (b) secondary silica veins crosscutting the opal bands; the reCecting mineral inclusions are chromite; (c) Bne-grained Fe–Ni–Cr alloy phases (high reCectivity)
within a porous silica band; (d) secondary inclusions of Ni–Fe–Cr–Co–Cu alloys within fractures of chromite.

Jena et al. 2016). Because of this late-magmatic
intrusion, the country rocks have been subjected to
variable hydrothermal alterations. For example,
the Bangur gabbro-breccia apophysis is associated
with an intense hydrothermal alteration which is
less evidenced in the contact zone. Due to upward
channeling of late magmatic Cuids from the main
magma chamber along a narrow conduit, there has
been pervasive hydrothermal alteration in the
breccia apophysis (Aug
e and Lerouge 2004).
Because of the intrusion of the Bangur gabbro, the
earlier gabbro of the gabbro-anorthosite suite has
also suffered significant hydrothermal alteration
which is evidenced by the development of secondary hydrous minerals. Oxygen isotope thermometric studies by Aug
e and Lerouge (2004) on
various mineral pairs in the breccia zone has indicated that the hydrothermal alteration has taken
place in two major stages in a decreasing temperature regime of 1000–700°C and 600–500°C. A
third stage is also recognized at 315°C due to late
cross-faulting. It is highly likely that because of the
intrusion of Bangur gabbro accompanied with hot
magmatic gases and the complex interplay of
hydrothermal Cuids that altered the host-rock
compositions at this higher temperature range,

some amount of silica has been released from the
system and got deposited elsewhere in the area. We
visualize this because it has been found by Aug
e
and Lerouge (2004) that the composition of the
breccia apophysis has become more maBc than
most of the Bangur gabbro indicating an increase
in Fe–Mg content and decrease in SiO2 content.
This phenomenon of ‘release of silica’ can be
explained by the original experimental work carried out by Bowen and Tuttle way back in (1949)
on the equilibrium conditions in the system
MgO–SiO2–H2O at temperature ranges 600–
1000°C and at water vapour pressure of 15,000–
30,000 lbs/in2. In the various experiments, it was
found that convective circulation of water vapour
took place in the pressure chamber. As a result of
this circulation, SiO2 was abstracted from the
charge and deposited elsewhere in the apparatus
and a definite change of composition of the charge
is resulted, even though the solubility of SiO2 in the
vapour is very small. Therefore, it can reasonably
be stated that the opaline silica has been derived
from the hydrothermally altered basic and ultrabasic rocks of the Bangur area.
It has also been recorded that the opaline silica
occasionally contains some metallic alloy phases of
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Figure 7. CP: Back-scattered electron image by EPMA showing a metallic alloy phase (white) within the fracture of a chromite
grain. The host chromite grain (grey) is partially altered to ferritchromite (light grey) and chromian magnetite (lighter grey) as
visible in different grey-contrast bands. The associated phase in dark-grey surrounding the chromite is the opaline silica. Other
pictures in the Bgure are X-ray electron image maps showing the distribution and concentration of Co, Fe, Cu, Cr and Ni that
conBrm the composition of the metallic inclusion to be an alloy phase of Ni–Fe–Cr–Co–Cu as it did not contain any oxygen or
sulfur.

Ni–Fe–Cr–Co–Cu (Bgures 6c, d and 7). This indicates that during its formation, there existed a
highly reducing environment with extremely low
oxygen fugacity. The reducing environment is
exempliBed by the presence of late-stage basemetal sulBde mineralizations in the area (e.g.,
chalcopyrite, pyrrhotite, etc.; Aug
e et al. 2002). It
is well-established that hydrothermal alteration
processes in ultramaBc rocks are accompanied by
extremely low fO2 conditions (Frost 1985; Sleep
et al. 2004; Evans et al. 2013; McCollom and
Seewald 2013; Nayak and Meyer 2015) which is
evidenced by widespread occurrence of native
metals and alloys in serpentinites. In the present
case,
since
the
metallic
alloy
phases
(Ni–Fe–Cr–Cu–Co) are found as inclusions either
within fractures of chromite grains or within the

secondary silica matrix, it is apparent that these
have not magmatically crystallized and they
appear to have formed during hydrothermal alteration of the ferromagnesian minerals such as olivine and pyroxene. Excess amounts of Cu, Ni, Co,
Fe, etc., that could not be accommodated within
the structure of secondary opaline silica or within
serpentine got exsolved and formed minute crystalinclusions in the form of alloys.
5.2 Temperature of formation
Cristobalite which is a high-temperature phase of
silica (SiO2), upon cooling tends to exist metastably
down to a variable inversion temperature of
about 268°C where it inverts to low-cristobalite
(Dollase 1965). This metastable Brst-order phase
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transformation from b-cristobalite (cubic) to
a-cristobalite (a tetragonal structure) may happen
even at further lower temperature around 222°C.
When the b-cristobalite undergoes a slow cooling
process, it converts to the a-cristobalite. However,
when there is rapid quenching, the b-phase gives rise
to metastable phases of cristobalite and tridymite
(Heaney 1994). The interpretation of the origin of
cristobalite in opals is puzzling because the mechanism of evolution of the silica gel into a crystalline
state is not very well understood. It is also puzzling
that, how in the same micro-crystalline sample of
opal, both high- and low-temperature phases of
cristobalite might be present! The similarity in ring
conBguration between tridymite and low-temperature cristobalite suggests that these two structures
can inter-grow with little structural mismatch,
accounting for the relative stability of opal-CT. The
TEM and FE-SEM studies reveal that the silica
polymorphs in our sample are of variable size and
crystallinity with occurrence of ill-deBned cubic and
tetragonal forms. It is apparent that during different
stages of high-temperature hydrothermal alteration
process (1000–700°C and 600–500°C), the silica that
was released from the host rocks got deposited in the
form of silica-gel and the cooling process was relatively rapid (i.e., quenching) which gave rise to the
development of nano-crystallites of tridymite and
cristobalite where all the metastable cubic forms of
cristobalite could not convert to the low tetragonal
form. In natural materials, high- and low-silica
polymorphs can exist together. For example, in
various shocked meteorites, low-pressure silica
polymorph a-cristobalite is commonly found in close
spatial relation with the densest known SiO2

polymorph seifertite (Cernok
et al. 2017).
Metastable cristobalite and tridymite can also
crystallize authigenically within sedimentary
deposits as opal-CT (Jones and Segnit 1971, 1972).
The diagenetic reaction that transforms amorphous silica (opal-A) to macrocrystalline a-quartz
involves intermediate phases that contain disordered mixtures of cristobalite and tridymite and
Bbrous chalcedony. However, such a sedimentary
origin is out of place here.

bandings can be explained philosophically in a
similar way because, in iris agate, the spontaneous
pattern is a manifestation of sub-micrometer concentric striations that repeat several times within
the sample. Studies reveal that the iris textures are
alternating layers of Bne-grained (5–10 nm), highly
defective chalcedony and coarse-grained ([100 nm)
low-defect quartz and this oscillatory zonation in
defect concentration may be ascribed to Ostwald–
Liesegang crystallization cycles from silica-rich Cuids that are variably polymeric and monomeric
(Heaney and Davis 1995). A similar origin of the
layering/banding can be ascribed for our opal-CT
sample because in high-resolution FE-SEM images,
we have recorded distinct variations in grain-sizes in
different bands, while the grain-size in a particular
band remains same (in a narrow range: *10 nm or
*20 nm) (Bgure 5). This reCects the variations in
silica-activity in solution at the tip of the growing
crystal of cristobalite and/or tridymite.

6. Conclusion
As discussed above, the opal identiBed from the
Bangur breccia of the BNUC can be classiBed as
opal-CT. It consists of nano-spheres of hydrated
silica in the size range of 10–20 nm with some
degree of structural disorder and is poly-crystalline
in nature. This opal dominantly consists of a-tridymite with subordinate a-cristobalite and minor
quartz. Chemically it contains *95 wt.% SiO2.
The SiO2 content of the opal is derived from the
host maBc and ultramaBc rocks of the Bangur area
at a high-temperature regime (1000–500°C) during
the later Bangur gabbro intrusion. During this
magmatic event, when the host rocks were
hydrothermally altered, SiO2 was released from the
system as vapour and/or gel that undergone a
rapid cooling phase giving rise to the formation of
opal-CT. Although based on the temperature of
formation as proposed by Rondeau et al. (2004),
this opal-CT can be classiBed as a ‘high-temperature’ type, not of volcanic or of magmatic origin.
This is a hydrothermally precipitated opal derived
from basic-ultrabasic parentage as it is found only
in the brecciated rocks in the Bangur area.

5.3 Development of banding
Self-organized texture or spontaneous patterns are a
common phenomenon in silica materials. Although
the different colour bandings in our sample are not
exactly similar to those of the iris agate, these
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