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Abstract: Dumortierite an aluminium borosilicate mineral occurring as aggregates of fibrous, nodular and displaying
variable colours is found at Girola hill of Bhandara district. It is associated with kyanite, sillimanite, andalusite, muscovite
(sericite), quartz, topaz, rutile, tourmaline and pyrophyllite. It is pink, violet and blue (indigo blue) in colour associated
with quartz veins. It shows strong pleochroism from colourless to light pink and pale blue to violet (azure blue).

The structural formula of dumortierite is calculated as Si,.g Al B.ocO,¢ 0n the basis of X-ray analysis. Its origin
is related to late stage pneumatolytic activity or due to interaction of hydrothermal solution rich in boric acid and

titanium dioxide with alumina rich rocks.
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INTRODUCTION

Dumortierite is known from Girola and Mogra area (55
0/16) of Bhandara district, Eastern Maharashtra (Chatterjee,
1930, 1931, and 1971; Bhoskar, 1982). It is associated with
quartz veins and in metamorphites (schists). The associated
minerals are polymorphs of aluminosilicates- kyanite,
sillimanite and andalusite. Muscovite (sericite), quartz,
topaz, rutile, tourmaline and pyrophyllite are secondary
associates in the Girola area (Meshram, 2003, 2005;
Meshram and Ingle, 2005). The other reported occurrences
in India are in quartzite near Jaipur, Rajasthan (Murty et al.
1967), at Singhbhum Copper Belt, Bihar where it is found
in quartz-schist at Rakha and in quartz-dumortierite-
tourmaline-schist with a little sillimanite at west Khasi hills,
Mawashinrum, Meghalaya (Prasad, 1996). This is also
reported in tourmaline-quartz bearing pegmatite from
Susunia Hill, Bankura district, West Bengal, India
(Mahapatra and Chakrabarty, 2011).

At few localities in the world, it occurs as a minor
constituent in pegmatitic, aplitic and granitic rocks (Finlay,
1907; Graham and Robertson, 1951; Huijsmans et al. 1982).
It is associated with andalusite (Taner and Martin, 1993),
pneumatolytic-hydrothermal deposits (Kerr and Jenny,
1935; Sabzehei, 1971; Black, 1973) and regionally meta-
morphosed rocks such as quartzite, para gneisses and
granulites (Christophie-Michael-Leavy et al. 1959; Schreyer
et al. 1975; Vrana, 1979; Takahata and Uchiyama, 1985;

Beukes et al. 1987). The present paper deals about
characteristics and origin of dumortierite in Girola area.

GEOLOGICAL SETTING

The Girola hill is located 1.5 km east of Girola (79°56'
N; 21°03" E, 55 O/16) in Bhandara district of Eastern
Maharashtra. The significant fundamental studies of the area
were done by various workers (Dutta, 1908; Dunn, 1927,
Sarkar, 1971; Adhikari, 1976). The area falls within Sakoli
Fold Belt and Roy et al. (1994) given lithological description
of SFB (Fig.1).

The Sakoli group of rocks is occurred in the Sub-
traingular Supracrustal belt of Central Indian Peninsular
shield (CIPS) (Sarkar, 1957-58). The Supracrustal belt of
middle amphibolite facies is folded volcano-sedimentary
sequence. The dominant rock types are quartz-chlorite-
muscovite schist (£ magnetite = andalusite + chloritoid +
garnet £ staurolite). Phyllite and slate with quartz-
pyrophyllite veins exposed at a few places in NE part of the
area. It is buff coloured, fine grained and soft with soapy
feel at places. The general strike of the rock is NNE-SSW
with steep dip of 58° to 68° due east (Meshram, 2003).
Gabbro-dolerite, granite-pegmatite and quartz veins intruded
the sequence as concordant and discordant sheets.

Essentially the rocks are made up of a mixture of kyanite
or sillimanite, tourmaline, rutile, quartz with some muscovite
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Fig.1. Geological map of Sakoli Fold Belt depicting location of Girola village, Nagpur, Bhandara and
Chandrapur districts, Maharashtra, Central India (affer Roy et al. 1994).

or sericite. Between the kyanitic rocks and chlorite-
muscovite-schist intervened certain transitional rocks
(phyllite?), which are cut through by abundant narrow veins
or stringers of kyanite. The transitional rocks are fine-
grained, compact and contain shreds of chlorite. The
chlorite-muscovite-schist occurring at the foothill on the
western side is highly tourmalinised and overlies a strip of
exceedingly fine grained quartzite rich in rutile (Meshram,
2003).

The distribution of kyanite, sillimanite, andalusite and
dumortierite is recorded. Dumortierite along with white or
colourless topaz is found in the kyanite bearing rocks, where
topaz is important accessory ingredient. The dumortierite
is pink, violet and blue (indigo blue) in colour occurring
within the quartz vein and sericite (muscovite) schist with
altered andalusite (Fig.2A, B and C). The xenolith of
metaphyllite is also noticed in the dumortierite vein (Fig.2D).
It also occurs in the kyanite bearing rocks, where it is mostly
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Fig.2. Field photographs (A-D) and photomicrographs (E-H) of dumortierite. (A) Quartz-dumortierite (Q-Du) veins and sericite in
metaphyllite, (B) Quartz-dumortierite (purple) veins in metaphyllite, (C) Pink dumortierite in metaphyllite, and (D) xenolith of
metapyllite in purple dumortierite-sericite vein. (E) Pink colour fibrous aggregates of dumortierite associated with sillimanite
and carat shaped andalusite, (F) The fibrous aggregates of dumortierite showing violet and blue colours (in cross nicol), (G) Pink
colour fibrous aggregates of dumortierite associated with sillimanite and carrot shaped andalusite (ppl) and (H) Pink coloured
dumortierite showing sieve texture (PPL). Abbreviations: And - andalusite, Si- sillimanite, Ser - sericite and Dum - dumortierite.

found as poikilitic inclusions of acicular crystals, long, within
kyanite, either along the cleavage planes or without an
apparent order of distribution. Laths of it are occasionally
found cutting through any other mineral in the kyanitic rocks.
The quartz, kyanite and pyrophyllite are main associates
while rutile, tourmaline and roscoelite (vanadium bearing
mica) are minor associates.

PETROGRAPHY

Diagnostic feature of dumortierite is its strong colour,
pleochroic scheme, high relief and extinction. The mineral
is usually fresh and seldom sericitised. Dumortierite occurs
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in the form aggregates and needle shaped mineral of varying
colours and shows strongly pleochroism from colourless to
light pink and pale blue to violet (azure blue) to lavender. It
also shows pleochroism from colourless to pink when
associated with sillimanite and andalusite (Fig.2E and F).
Sillimanite is light yellow coloured, and occurs as
subidioblatic (prismatic) crystal within the aggregates of
dumortierite. It shows fractures on its surface and well
developed crystal outline. Andalusite is also colourless
(light grey) and occurs as long carat shaped crystals which
showing parallel extinction (Fig.2G) and aggregates of
dumortierite form sieve texture (Fig.2H).

The colour of dumortierite is fascinating subject to
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many pioneer workers who studied this mineral since long
time. It is commonly deep blue colour due to trace of Ti,O
(Damour, 1881), various hues of green (Linck, 1899;
Rimann, 1914), deep purple- red colour due to 1.5 % of
Ti, O, (Schallar, 1905), blue colour due to Ti,O, and red due
to TiO, (Peck, 1926). Other colour variants are blue colour
(Bowen and Wyckoft, 1926), purple brown (Brammal, 1928;
Groves, 1928), colourless (pale yellow) to yellow (Wilson,
1929), and orange yellow colour (Aubel, 1931). The Fe and
Ti are responsible for the blue or pink colour of dumortierite,
depending on the relative importance of Fe?*-Fe*" and Fe?*-

#" charge transfers, respectively (Alexander et al. 1986).
Based on the classification of colours by the ratio Fe/(Fe+Ti)
in dumortierite (Alexander et al. 1986), the chemistry of
Girola dumortierite lies in the blue colour region. If the
pink, violet and blue colour of the dumortierite is related to
the relative concentration of Fe and Ti, the Fe and Ti
concentrations in this study are surprisingly low. Though
the observed percentage of Fe and Ti are very small, and
therefore it is doubtful hence the origin of colour of the
dumortierite can not be explained satisfactorily by the ratios
of these elements.

RAJKUMAR R. MESHRAM AND KUNAL B. INGLE

MINERALOGY

X-ray diffraction analysis of dumortierite was carried
out by instrument PANalytical X’Pert PRO XRD System at
PPOD Lab, AMSE Wing, GSI, Bangalore. The results were
recorded at 40 kV and 25 mA by counting at 2 s and step
size of 0.017°6. The major associated minerals with
dumortierite are muscovite, kyanite, pyrophyllite and
corundum while dravite (tourmaline), gobbinsite, diaspore
and microcline are present in minor to trace amounts. The
structural formula of dumortierite is calculated as Si,.oc Al .o,

B3 O,g- The results of XRD mineralogy are given in
Table 1 and X-ray diffractograms are given in Fig.3A and
B. Dimensions of the unit cell were calculated and compared
with dumortierite from various localities (Table 2).

The CAMECA X SS100 EPMA was utilized to carry
out analysis of dumortierite thin polished section at PPOD
Laboratory, Geological Survey of India, Bangalore and
simultaneously BSE images were also taken (Fig. 4A and
B). Analyses were performed with 15 keV acceleration
voltage and 15nA beam current and total Fe determined as
FeO. The molecular formula of the analysed dumortierites

Table 1. X-ray mineralogical composition of dumortierite from Girola area

Reference code Compound Name Chemical Formula Remarks

Sample No. RM-1 Dumortierite

01-084-1007 Du Dumortierite Si,.gq A16 .51 Borog Os Major

01-089-6216 Muscovite (Ky707 N 0 17Cag o) (Al g3 Fegor6 MEoo11), Minor
(81 755 Al 25, Tip 45)40y (OH),

01-072-1447 Kyanite ALSiO; Minor

00-046-1308 Pyrophyllite AlLSi,0,,(OH), Minor

01-083-1561 Dravite Na, (,Ca,,,Mg, ., Al ;SiB;0,,.) (OH), 5, Trace

Sample No. RM-2 Dumortic-sillimanite

01-082-2450 Muscovite (Na.,K.o0Bay.o) (Al g, Tig.ouFeg.0; M0 Major
(Si;., Aljoe) O,,(OH),

01-084-1007 Dumortierite Si,. el Bgos O Major

01-082-1867 Gobbinsite Na, Ca.o, (Si}y, Als.g O,,) (H,0)6 65 Minor

01-083-1561 Dravite NaO.MCaO.ﬂMgZ.MA16.%Si6 B, O,,.5,(OH); 5, Trace

Sample No. RM-3 Dumortierite-muscovite schist

01-077-2255 Muscovite KAl (Al Si,0,)) (OH), Major

00-011-0046 Kyanite ALSiO; Major

01-084-1007 Dumortierite Si,.05Aleg 1 BgogO1g Minor

00-046-1308 Pyrophyllite AlLSi,0,,(OH), Minor

01-045-1340 Dravite, chromian Na ,,(Mg, Al, Cr),Al(BO,)Si O, (OH), Trace

Sample No. RM-4 Dumortierite-kyanite-muscovite schist

01-089-7717 Corundum AlLO, Major

01-084-1007 Dumortierite Si,.gq A16 .51 Borog O1s Minor

01-089-6216 Muscovite (Ky7psN 0 17OCaO o) (AL.9, Fep.o Mg ), Minor
(Sig75, Alygy; Tig5),044 (OH),

01-074-1879 Diaspore Al O (OH) Minor

01-087-1708 Kyanite Al, (8i0)) O Minor

00-022-0687 Microcline KAISi,O4 Trace

JOUR.GEOL.SOC.INDIA, VOL.79, FEB. 2012
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Fig.3. X-ray diffraction pattern for (A) dumortierite (Sample No.
RM-1 to RM-4). (B) muscovite a major mineral associated
with dumortierite (Sample no. RM-1 to RM-2).

was calculated on 18 oxygen atom basis (Table 3). Due to
analytical constraint for ‘B’ determination by EPMA, the
stoichiometric calculations were performed assuming 1B
apfu and subsequently weight percentage of B,O, was
calculated on the basis of 1B apfu methods of Alexander
et al. (1986) and (Choo and Kim, 2001).

Table 2. Comparison of unit cell dimensions of dumortierite from various

localities
Locality a b c Volume
@ A A A
Girola 11.80 2022 4.69 1121.27
Susunia Hill 11.79 20.21 4.71 1120.20
Miryang Mine 11.71 2039 4.70 1129.48
Yuma County, Arizona 11.79 2021 470 1119.30
Dehesa, California 11.79 2020 4.69 1118.50
San Diego, California 11.78 20.18 4.69 1115.40
Virgin Mountains, Nevada 11.80 20.21 4.71 1123.10
Dora-Mara Massif, Italy 11.91 20.40 4.73 1149.00

(1 - Present study, 2 - Mahapatra and Chakrabarty, 2011; 3 - Choo and
Kim, 2001; 4, 5, 6 & 7 - Alexander et al. 1986; 8 - Chopin et al. 1995).
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Table 3. Microprobe analysis of dumortierite from Girola area

Na,O 0.02 0.02 0.02 0.02 0.02 006 005 0.71

K,0 0 0.03 0.02 0.02 001 0.04 0.03 0975
MgO 0.32 03 047 037 037 037 044 033
CaO 0.02 0 0.02 0.02 0.01 0.04 001 0.04

MnO 0.04 0.03 0.0 0.03 0.05 0.04 005 0.02
FeO* 0.26  0.15 03 022 019 023 024 028
ALO,  59.63 59.82 59.12 59.82 59.71 57.11 58.03 36.68
Sio, 30.78 30.94 28.89 29.37 30.38 29.32 2997 44.6
TiO, 1.88 1.82 1.99 1.9 194 181 1.77 0.4
P,0; 0.04 0.01 095 0.56 0 0.05 0.02 0.02
B,0,** 6.51 651 646 648 649 638 643 6.39

Total 99.47 99.58 98.24 98.76 99.16 95.47 96.99 99.2
Na 0.01 0.02 0.0 0.02 0.01 0.04 004 053
K 0 003 0.02 001 001 0.04 0.02 8.1
Mg 0.19 0.18 028 0.23 022 023 0.27 0.2
Ca 0.01 0 0.02 0.01 0.01 0.03 0 0.03
Mn 0.03  0.02 0 0.02 0.04 0.03 0.04 0.01
Fe 02 0.11 024 0.17 0.15 0.18 0.19 022
Al 31.56 31.66 31.29 31.66 31.6 30.23 30.71 19.41
Si 1439 1446 13.5 13.73 142 13.71 14.01 20.84
Ti .13 1.09 1.19 1.14 1.16 1.09 1.06 0.24
P 0.02 0.01 041 0.24 0 0.02 0.01 0.01
(6] 45.43 45.52 4481 45.08 4527 435 4424 43.22
B 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

*Total Fe determined as FeO, **B,0, determination by stoichiometry
method of Alexander et al., 1986; Choo and Kim, 2001 and formula based
on '*0.

MAJOR ELEMENT GEOCHEMISTRY

Four dumortierite samples were analysed for major and
minor elements by XRF using X’UNIQUE II (PHILIPS)
X-ray Spectrometry System at PPOD Lab, AMSE Wing,
Bangalore. The chemical composition of dumortierite from
Girola area is given in the Table 4. A1,0, and K, O are higher
while P,O, is lower when compared to the normal
dumortierite (Willner and Schreyer, 1991; Taner and Martin,
1993). Low amount of TiO, (0.28 to 1.10 %), lower contents
of MgO (0.19 to 0.94) and moderate amount of FeZO3T
(0.56 to 2.52) are also observed in the dumortierite of
Girola.

ORIGIN

Boron in dumortierite has been assumed to be present
in three-fold coordination (Tagg et al. 1999). Dumortierite
is the most favoured for ‘B’ after tourmaline. Boron is noted
for being a mobile element in many geochemical
environments and any introduction of ‘B’ into a system will
potentially produce dumortierite as well as tourmaline
(Henry and Dutrow, 1996). The dumortierite group consists
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Fig.4. (A) Interlocking dumortierite crystals (PPL). (B) BSE image
of interlocking dumortierite crystals and rutile.

of two types of minerals, namely, dumortierite and
magnesiodumortierite. The transition from dumortierite to
Ti-free magnesiodumortierite is favoured by increasing
pressure (Chopin et al. 1995).

The ionic potentials of elements such as Fe, Ti and Mn
with or without boron at normal temperature operate towards
the breaking of Al-Si tetrahedron complex. The simultaneous
liberation of silica and its partial leaching at slightly elevated
temperature in the initial stages of hydrothermal alteration,
which triggers in the rehabilitation of the Al-Si tetrahedron
mixture with impoverished silica (Chatterjee, 1971). Hot
boron rich liquid and water are essential ingredients in
dumortierite (Clraringbull and Hey, 1958).

Dumortierite is formed due to external agency i.e.
intrusion of hydrothermal solution in schist which is
considered to have been rich in boric acid and titanium
dioxide, with accessory fluorine, titanium fluorite, sodium
fluoride, hydroxides and vanadium. If it is considered the

Table 4. Chemical composition of dumortierite from Girola area

Oxide RM-1  RM-2  RM-3  RM-4
Si0, 40.68 4178 3899 2474
TiO, 1.10 0.57 0.37 0.28
ALO, 4876 4421 5046 6731
Fe,0," 252 0.56 1.26 0.93
MnO 0.01 bld bld 0.01
MgO 0.94 0.63 0.67 0.19
Ca0 0.74 0.28 0.37 0.59
Na,0 035 121 0.39 0.19
K,0 2.79 6.77 4.05 1.97
P,0, 0.15 0.07 0.30 0.55
S 0.1 0.08 0.12 0.08
NiO 0.01 bld 0.01 bld
BaO 0.01 0.02 0.03 0.03
Lol 1.82 3.82 2.96 3.12
Total 99.99  100.00  99.98  99.99

bld- below level of detection.

host lithologies of the Bhandara area as a composite
unbuffered system, governed by an external agency, the
pronounced shift of the hydrothermal liquor to alkalinity in
the later phases seems to be reflected in the accretion of Ti’
and Fe? in lieu of Ti* and Fe® for the development of
dumortierite (Eugster, 1950). Ti® is credited, albeit partially,
with imparting a charming lilac hue to the Bhandara
dumortierite occurrence.

Dumortierite is found in sericite (muscovite) schist where
andalusite has altered partly or fully to dumortierite due to
late stage pnuematolytic activity. It also occurs in quartz
veins that cut across the aluminous schist, and related to
boron rich hydrothermal solutions. The EPMA analysis
recorded B,0, 6.51% indicating strong enrichment in the
hydrothermal solution during late stage pnuematolytic
activity which caused the formation of dumortierite in
Girola area.

CONCLUSION

The major minerals associated with dumortierite are
muscovite, kyanite, pyrophyllite and corundum while dravite
(tourmaline), gobbinsite, diaspore and microcline are in
minor and trace minerals. It shows pleochroism from
colourless to light pink and pale blue to violet (azure blue)
in the form of aggregates of needle-like or fibrous crystals.
Based on the classification of colours by the ratio Fe/(Fe+Ti)
in dumortierite, the chemistry of Girola dumortierite lies in
the blue colour region. The structural formula of dumortierite
calculated as Si,.  Al..c B .o O ¢ on the basis of X-ray
analysis and EPMA analysis shows enrich B,O,. Itis related
to late stage pneumatolytic activity or due to intrusion of

JOUR.GEOL.SOC.INDIA, VOL.79, FEB. 2012
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hydrothermal solution rich in boric acid and titanium dioxide
in aluminous rich metamorphic rocks.

Acknowledgements: The authors express their sincere
thanks to the Deputy Director General & HOD, AMSE
Wing, Geological Survey of India for providing analytical
facilities at PPOD Lab, AMSE Wing, Bangalore. We are
grateful to Shri Mahesh Korakappa, Shri S.T. Narhari

and Dr. G. Gopalkrishna for their support during EPMA
analysis and boron determination. Prof. L.G. Gwalani,
Nagpur University is specially thanked for his guidance
and inspiration. Mr. Kunal Ingle, Mr. Lalit Waikar, Miss
Madhuri Ukey and Miss Alka Nagle are acknowledged
for their support during M.Sc. dissertation work. We also
thank the reviewers for their critical and constructive
remarks.

References

ApHIkARI, B.D. (1976) Elucidation of stratigraphic relationship
and structure of Sakoli Group with air-photo- interpretation
in parts of Bhandara and Nagpur district, Maharashtra. Geol.
Surv. India Unpubld. Report for FS: 1975-76.

ALEXANDER, V.D., GrIFriN, D.T. and MartiN, T.J. (1986) Crystal
chemistry of some Fe and Ti-poor dumortierites. American
Mineral., v.71, pp. 786-794.

AUBEL, R.V. (1931) Occurrence near Sombwe, Ubwari, Tanganyika
(A 1.675, cobalt blue, A 1.685, orange yellow and A 1.690,
colourless) Ann. Soc. Geol. Belg., Publ. Congo Belge, v.53,
p. C77 (M. A. 4-476).

Beukes, G.J., StaBert, M.J., DE BruyiN, H., BotHa, B.J.V,,
ScHocH, A.E. and Van DEr WEsTHUIZEN, W.A. (1987) Ti-
dumortierite from the Keimoes area, Namaqua mobile belt,
South Africa. Neues Jahrbuch fur Mineralogie Abhandlungen,
v.157, pp.303-318.

Buoskar, K.G. (1982) Final report on the reappraisal of Ky-Sil
deposits of Dahegaon-Pimpalgaon and other areas of Bhandara
district, Maharashtra. Geol. Surv. India Unpub. Report for FS:
1977-82.

Brack, P.M. (1973) Dumortierite from Karikari Penninsula: a first
record from New Zealand. Mineral. Mag., v.39, p.245.

Bowen, N.L. and Wyckorr, R.W.G. (1926) X-ray powder data
and effect of heating on clip material. Jour. Washington Acad.
Sci., v.16, pp.178 (M. A.3-187).

BramMmALL, A. (1928) Occurrences on Dartmoor, Devon; A deep
blue, also purple brown.

CHATERIEE, S.K. (1930) Occurrences of dumortierite at Mogra and
Girola, Bhandara district, Central Province. Rec. Geol. Surv.
India, v.62, p.134.

CHATERJEE, S.K. (1931) On certain rocks bearing kyanite and
sillimanite in the Bhandara_district, Central Province. Rec.
Geol. Surv. India, v.65, pp.285-305.

CHATERIEE, S.K. (1971) The Bhandara dumortierite: Its inception
and structure. Rec. Geol. Surv. India, v.96, pt.2, pp.62-71.
CHoo, C.O. and Kim, J.J. (2001) Mineralogical studies of
dumortuerite from Miryang clay deposit, Korea. Geosci, J.,

v.5, pp. 273-279.

ChnorN, C., FERrARIS, G., IvaLDI, G., SCHERTTL, H.P., SCHREYER, W.,
CompaGNONI, R., Davipson, C. and Davis, A.M. (1995)
Magnesiodumortierite, a new mineral from very-high-pressure
rocks (Western Alps). II. Crystal chemistry and petrological
significance, European Jour. Min., v.7, pp.525-535.

JOUR.GEOL.SOC.INDIA, VOL.79, FEB. 2012

CHRISTOPHIE-MICHAEL-LEAVY, M., ENBERGER, A. and SANDREA, A.
(1959) Materriaux pour la mineralogy de Madagscar, 11.-La
Dumortierite de Riamposty. Bull. Soc.fr. Mineral. Crystallgr.,
v.82, pp.77-79.

CLARINGBULL, GF. and HEy, M.F. (1958) New data for dumortierite.
Mineral. Mag. v.31, pp. 901-907.

DaMour, A. (1881) Incomplete analysis of Beaunan material.
ibid.v.4, p.7.

Dunn, J.A. (1925) Geological Survey in Rewa State. Rec. Geol.
Surv. India, v.61, pt.1, pp.117-118.

Durtrta, P.N. (1908) Geological Survey in Bhandara district. Rec.
Geol. Surv. India, v.37, pt.1, pp.68-69.

EucstEr, H.P. (1950) Researches in Geochemistry. /n: P.H. Abelson
(Ed.), pp.379-425.

Fmneay, GI. (1907) On an occurrence of corundum and dumorti-
erite in pegmatite in Colorado. Jour. Geol., v.15, pp.479-
484.

GraHAM, C.E. and RoBertson, F. (1951) A new dumortierite
locality from Montana. Amer. Mineral., v.36, pp. 916-917.

Groves, A.W. (1928) Various occurrences in Southern England;
A deep blue, mauve, or purple brown. Mineral. Mag., v.21,
p.489.

Henry, D.J. and Dutrow, B.L. (1996) Metamorphic tourmaline
and its petrologic applications. /n: E.S. Grew and L.M. Anovitz
(Eds.), Boron Mineralogy, Petrology and Geochemistry. Rev.
Mineralogy, v.33. Mineral. Soc. Amer., Washington, D.C.
pp.500-555.

Huwusmans, J.P.P., BarTon, M. and VaN BERGEN, M.J. (1982) A
pegmatite containing Fe-rich grandidierite, Ti-rich dumortierite
and tourmaline from the Precambrian, high-grade metamorphic
complex of Rogaland, S.W. Norway. Neues Jahrbuch fur
Mineralogie Abhandlungen, v.143, pp.249-261.

KEerr, P.F. and JenNEY, P. (1935) The dumortierite andalusite
mineralisation at Oreana, Nevada. Econ. Geol., v.30, pp.287-
300.

Linck, G. (1899) Analysis of impure material by W. Schimpoff ;
A 1.678, green, A 1.686 and A 1.689, colourless) Val
Donbastone, Veltlin, Itly. Jenaische Zeits. Naturewiss., v.33,
p.345.

MAHAPATRA, S. and CHAKRABARTY, A. (2011) Dumortierite from
Susunia Hill, Bankura District, West Bengal, India. Curr. Sci.,
v.100, No.3, pp.299-301.

MesHraM, R.R. (2003) Geology of the area around Girola, Tahsil-



188 RAJKUMAR R. MESHRAM AND KUNAL B. INGLE

Sakoli, Dist. Bhandara. Unpubld. M.Sc. Dissertation report,
Post Graduate Department of Geology, Nagpur University,
Nagpur.

MEesHrAM, R.R. and INGLE, K.B. (2005) Study of Dumortierite and
mylonite in Girola area of Bhandara district, Eastern
Maharashtra. National Workshop on Mineral Deposit
Modelling, Nagpur, February 11-12, 2005, South Asian
Association of Economic Geologists (SAAEG), Abstract-cum-
Souvenir volume, 105p.

MEesHrAM, R.R. (2005) Co-existing polymorphs of aluminosilicates
and their associates in the supracrustal rocks of Bhandara
triangle, Eastern Maharashtra. Quart. Jour. Geol. Assoc. Res.
Centre, Balaghat (M.P.), v.13, pt.2, pp.36-44.

Murty, T.V.V.GR.K., AmiLapl, GR. and Saxena, GN. (1967)
Dumortierite from near Jaipur (Rajasthan). Curr. Sc., v.16,
pp- 434-435.

PEck, A.B. (1926) Material from Limerick Canyon has A 1.675,
red violet to lavender blue, A 1.686 and A 1.692.

Prasab, U. (1996) Economic Mineral Deposit. C.B.S. Publishers
and distributors, New Delhi, 319p.

Rimann, E. (1914) Occurrences at Copacabanca, Rio de Janerio,
Brazil; & deep blue, Green, or violet. Centr. Min., p.615.
Rovy, A., CHARLES Mony, P.C.D. and SaHa, S.K. (1994) Geology
of the Sakoli Fold Belt, Nagpur, Bhandara and Gadchiroli
district, Maharashtra, Central India. Geol. Surv. India Unpubld.

Progress Report for FS: 1989-1994.

SaBzenel, M. (1971) Dumortierite from Iran: a first record.
Mineral. Mag., v.38, pp.526-527.

SARKAR, S.N. (1957-58) Stratigraphy and Tectonic of Dongargarh
system: A new system in Precambrian of Bhandara-Durg-

Balaghat area, Bombay and M.P. Jour. Sci. Engg. Res., v.1,
pt.2, pp.237-268.

SarkAR, U.N. (1971) Investigation of the kyanite in the Girola
hills, Sakoli Taluka, Bhandara district, Maharashtra. Geol.
Surv. India Unpubld. Report.

ScHALLAR, W.T. (1905) Review, crystallography, pleochroism;
analysis 5 and 7. Amer. Jour. Sci., Ser.4, v.19, p.211; also Zeits.
Kryst. Min., 1905, v.41, p.19.

SCHREYER, W., ABRAHAM, K. and BEHr, H.J. (1975) Sapphirine and
associated minerals from kornerupine rock of Waldheim,
Saxony. Neues Jahrbuch fur Mineralogie Abhandlungen, v.126,
pp-1-27.

TaGg, S.L., Cho, H., Dyar, M.D. and GrRew, E.S. (1999) Tetrahedral
boron in naturally occurring tourmaline. Amer. Mineral., v.84,
pp. 1451-1455.

Takanata, H. and Ucnivama, K. (1985) Dumortierite bearing
argillaceous gneisses from the Abukuma metamorphic terrain,
northeast Japan. Jour. Faculty of Sci., Hokkaido Univ., Service
IV, v.21, pp.465-481.

TanNer, MLF. and MarTIN, R.F. (1993) Significance of dumortierite
in an aluminosilicate-rich alteration zone, Louvicourt, Quebec.
Canadian Mineral, v.31, pp.137-146.

Vrana, S. (1979) A polymetamorphic assemblage of grandierite,
kornerupine, Ti-rich dumortierite, tourmaline, sillimanite and
garnet. Neues Jahrb. Mineral. Mh., pp.22-33.

Willner, A.P. and Schreyer W. (1991) Raman spectroscopy of
Arthurite group species arthurite and whitmoreite. Neues
Jahrb. Mineral. Mh., pp.223-240.

Wilson, E.D. (1929) Occurrence near Quartzsite, Arizona; 4 deep
blue. Amer. Mineral., v.14, p.373 (M.A. 4-192).

(Received: 29 November 2010, Revised form accepted: 14 December 2011)

JOUR.GEOL.SOC.INDIA, VOL.79, FEB. 2012




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 215
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.04651
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 215
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.04651
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




