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N his classic Memaon on the Manganese Ore Depaosits of India, Dr. Fermor
(PR, pp Do, W has revonded the occurrence of o large number of mica-
ceotts munetals particulatdy from the Gondite Series of Madhya Pradesh, and
suppested the possibnhty aof some of them turning out Lo be new o science.
b the atsence of chemmeal anudvses wnd detuiled optical investigations, he
provisinally assipned some of the pnk and brown micas to the Alurgite
and Mangasophyllite spedies,

The need for o thorough re-oumination of the micaceous minerals was
Brought home to the senor quthar when he had occasion Lo examine from
fyne 1o tune the arge vollections from the Sausur Series made by the post-
graduate students of the Drepattment in the vourse of their ficld-survey camps
duting the sessons 1949 810 The huge number of micaceous minerals in
this collection recened at the hands of the students nothing more than a
rontine opbcal cvammation and o teatative identification of - Alurgite (7).

The tecent pubbcation of 4 note on the manpaniferous micas of India
by Wilgram (1952, pp 4240 and the comments theroon by Dr. Fermor
(1982, v 1251 again dres our attention fo our comprehensive collection and
the need for a thoraugh chemical and optical investigation of the micaceous
minerals,  This study was undertahen when the junior author joined the
Department as i rescarch scholar at the commenvement of the last academic
OSSN

In ot collevhion there are atleast four different types of micaccous
minerals . a brown tvanegated) o brongze voloured mica which has now been
defimtely adentticd as Manganophyllite;  a crimson-pink varicty - whose
identity with Alungnte has now been extablished ) a pale greenish coloured
apecies which s pethaps a vhlonte or altered mica; and a dark brown type
which may tutn out to be another sanety off Munganophyllite, This paper
contains a detaled aveount uf the chenivil wid optical investigation of the
munpamforous mecas . Manganophylhite and Alurgite,

Dr, Formor (1%, pp. 196 97) has reported the ovcurrence of brown
micas (Manganophylhte ?) from Sithapathur in the Bhandara District and
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from Ghogara, Junawani, Kacharwahi, Pali, Ramdongri and Satak in the
Nagpur District. Alurgite (?) has been reported by him from Sithapathur

(Bbandara District) and Ghogara and Kacharwahi from the Nagpur
District.

The brown and crimson-pink micas in our collection come from the
following localities :— | |
Brown mica .. Khapa, Nagpur District;
Brown and crimson-pink mica .. Sithapathur and Chikhla, Bhandara
District ; Tirodi, Balaghat District.

The brown and the crimson-pink micas which form the subject of this
paper come from the Chikhla area of Bhandara District. Both the micas

occur in a coarse pegmatite cutting across the manganese ore body in the

Sitasaongi mine. Above the 140’ Jevel the pegmatite thins off into a vein

hardly a foot or two in width, while at deeper levels it widens considerably.
Good specimens of the two varieties of mica—brown and crimson-pink—
were collected from the pegmatite at the 60’ level—the identical locality
from which Bilgrami (1952, p. 42) got his specimens. The brown mica occurs
in fairly big books sometimes 7-8 inches across and 2-3 inches thick, while
the crimson-pink type occurs only in small flakes and scales. Both these
types are found in the same pegmatite and sometimes interlaminated with
each other.

MANGANOPHYLLITE

Physical characters.—Crystals monoclinic with hexagonal outlines;
usually massive lamellar. Highly perfect basal cleavage and prominent
parting or secondary cleavage parallel to 010 yielding and breaking into
long narrow strips. Regular percussion and pressure figures are also

obtained. Specific gravity 2-98. Lustre is almost bronzy to metalloidal and
.submetallic on cleavage surfaces.

- Optical properties—The optic axial plane is parallel to 010. The
prominent parting parallel to 010 which corresponds to the prominent ray
- of the percussion figure was made use of in the orientation in the absence
of well-defined crystals. The acute bisectrix X is almost normal to 001.
Optically negative. ~Mean refractive index: g =1-60-1-61. Strong bire-
fringence in transverse sections and weak birefringence in basal sections.
The value of the birefringence as determined by the Berek’s compensator
in transverse sections was y — a= -045--048 and in basal sections was:
vy — B=0-0056. The optic angle as determined by direct rotation from
one optic axis to another on the 5-axes universal stage was (2 V)=135° 30",
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The colour is not uniform and varies from place to place; in fairly thick
books and plates it is dark brown to bronzy; in thinner plates it is reddish
brown and in thin flakes it is often a reddish brown and sometimes a dirty
yetlowish brown. Strongly pleochroic in thin section with X = Honey yellow
to pale yellow; Y =Light brown; Z=Dark brown with often a tinge of
red. Absorption X<Y<Z and maximum parallel to cleavage lines.
Parallel extinction, transverse sections showing a mottled appearance between
crossed nicols. .

Sometimes what appear to be tiny inclusions of a blood red flaky mineral
are found in the manganophyllite. The biaxial character and the fact that
the actue bisectricx X is normal to 001 indicate that perhaps these are inter-
laminated flakes of the crimson-pink mica Alurgite. Well-defined hexagonal
outlines in some of them support this conclusion.

Composition.—The average of three chemical analyses of the mangano-
phyllite is given in T aple I.

TABLE I
Constituents Weight % Mol. Prop. | Oxy. Atoms | Metal Atoms
1 2 \ 3 ‘ 4 \ 5
1 i 1
8102 .| a6 67T 1354 -
" Al,O; 187 164 .492 ‘% 1.419
TiO, .- 1-0 . -013 -026 \| -056
Fez0s - 51 . 032 096 | -277
MnO 558 | -0 | .079 l‘ 3018
ca0 - 018 | 014 | -0l | o
MgO L s | oL .501 .2164
H,0 iy 2.2 q22 -122 1-05
K20 R T T B
100-69 i o 2.773 ‘l

The values in the last column of the table are calculated by multiplying
the atomic proportion of elements in the oxides by a factor obtained on

dividing the total number of oxygen atoms in the structural unit of mica
(i.e., 12) by the total of oxygen atoms obtained (i.e., 2-773). The conclu-
sions based on the X-ray analyses of micas (Bragg, 1937, pp. 37-38) indicate

that Si is replaced in part by Al in the silica tetrahedrons; Al, Fe, Mg and
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Mn occupy positions in o coronination, mten hangeable o some oxtent
and that K. Na and Ca CECUPS Postlions g 1Y Covostahina o, mfon é%dﬂgﬁ‘&hiﬂ
in themsehes. On the basis of ths the Tormuly of the manganophsihte
may be expressed as follows

(*{)I*M(Ki Nﬂp {.“L;-@mif"d. 'Ilh i L, %i”, ""h"’:tai’ (%l, (Ksjl o “w

The general formula fn Hiohte amd Philopopite nuee e onding fo
Bragg (1937, p 2180 is: (X0 (U0 (AL St 100,000, B E s where N sk,
Na, Ca, ... cte, ¥ ALMp e Fe 0, Mo 1

In the above formula the number o the Y Posstiion appswans bo w1y
the neighbourhood of three. In the fonmula of Nampaneophadiite abaw ot
can be seen that the number in the Y poution i VIR jind theretore anduwa.
tive of its close affinity with Hionte

It can be seen from Tuble H that the Munganophinibte from Mtiaong
approaches very closely the Manganophytlite from Lingban, Nweaden, but
for a higher percentuge of MpO in our specunen. A companson of the
Sitaspongi mica with the average chenueal analyses of Haotitc and Phlogopite
(Nos. 5 and 4 in Table 1) shawx that the aserage Biotite contuns a muh
higher percentage of iron and a much lower perventage of mugnesa, wiole
the Phlogopite analysis shaws sery hitle won and a shphtly hogher M)
content. Since the Phlogopite analysis appears to be vloser fo the Mangano.
phyllite than that of the Biotite, it may possibly mdivate thut Manganophyibite
may perhaps be considered u vaniety of Fhilogopte, where o part of the Mpt)
is replaced by MnO resulting in the formation of a4 mangan phlogopete
Perhaps a serious objection to this iterpretation would be that Phlogopste

. is rare in ignoous rocks but it should be remembered that the pretty hagh

magnesia content of the Situsagongt nud Papberg Manganophythitcs cann
otherwise be explained.

In Diggram | is indicated the posttion of our Manganophyibie sath
reference to the Phlogopite-Eastonite-Siderophyllite-Annite scries of Hiotste
micas. It is seen that the Manganophyllite is close te the Phlogopite Tastonmite
series and closer to the Phlogopite than the Eastonite,

The optical properties of the Manganophyllite such as the dark colome,
strong pleochroism and refractive index ngree with that of ardinary Hiotae
The optic angle (2 V) is 35° 30" in our specimon while i ondinany Motite ot
is 0° or very near 0% In rare types however the angle in suid to be an high
a8 (2V)==44°, Dr. Fermor (199, p. 196) hax recorded that some of the
brown micas which he grouped under Manganophyllite (7 wcre uwmasial
and others biaxial and suggested the possibility of there being atleast two
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TanLe 1l
' Matigario | Mamtana. % Mangano- Bioti
N el B
d r disherg analyses
1 2 3 4 5
!
% Syt by .. 404 4134 4084 $9-66 36-46
Aty e 8.7 18.02 943 17-00 17-15
. Tirry . 1 - . 06 ' 1-25
Froth, . Aot 408 3466 .27 8.17
Frit o . - o~ +20 14-46
Mut) .. A5 A4l 9-08 . -56
tall - «TH . !; s . <98
Jaty . . - . 02 .
Mgty . i 1027 22.31 26-49 8-70
14,00 . . ‘s «29 e e
Koyt . gl 11-43 10+50 9-97 §-23
Naght . » 209 35 +60 .91
1,0 . 2.2 402 430 299 2.87
f . . ek 030 2.24 .18
e weas | 10140 100-60 99.92
.

Kaile Analyas Noo § by Sahu, 50 K, and Dave, AL S,
Analyany Na 2 by Punk, Ak, H., Stockh Blhang, 1888, 13 Q).
Analyan Na by Hamborg, €, Foro Forh., 1890, 12, 567.
Analyarn N ok By Clath &  Schneider, 1890, 40, 410.
Analysis Ner % by Rankamsa, K. & Sabanm, The G., Geochem., 1950.

species.  Our observations also confirm this possibility. The Mangano-
phylhte from the Sitmsaongi area has an optic angle range between 35° and
36 {2 V) only.  The vadue of the axial angle for the same mica as reported
by Bilgeanmu (1952, po 43) s 187 22" (2 V).

i« The Jurk brown mica from  Sithapathur, Bhandara District, classed
under Manganophyllite (1) by IDr. Fermor (1909, p. 197) and said to be
uniaxial has been examined by us and found to cxhibit a small optic angle
ranging up to about 10° (2V). In the absence of a chemical analysis it is
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Phlogopite Eanturnts

Dlagram 1 (After Winghellh
Position of Manganophyllite in the Hietite Group

difficult to say whether this is another distinet spevies of Manganoptiaibite,
different from the Sitasaongi specimen, Perhups it is another spevics

The optic properties of the micas vary with the composton and ot o
known that the optic angle in varictiex of Biotite increnses with the pon s ontent
Heinrich (1946, p. 847) says that in the Riotite- Phlogupte senies, the mdes
of refraction is affected more by increments of Fe, O, amd 1i0y, than ¥ cO)
He has found that the offect of the ferric iron and the Hmam bt teace
that of the ferrous iron and the refractive index of a few AManganophylites
when plotted were found to fall reasonubly close to the cunve and wmdicate
that the effect of the mangancse is less thun that of the ferrous o O
Manganophyllite when plotted according to Heintich's method ~tones that
the refractive index is in agreement with the chemical composiion In view

of the very low percentage of iron in our Manganophyllite the reiwnon fir the

medium value of the optic angle hasto be perhaps attributed to the manpanese
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vanient.

Suderaphyllite 1Conts and Fahey, 1944, p. 373) with 1-01 MnO
has 7V

| “.m R0 Munpanophyllite (Larsen and Berman, 1934, p- 238)
with 4 S0 of MO has an angle of 147 a very rare type of Biotite found at

Linghan, Sweden tdakob, 1924, p. 155) with 8-30 Mn,0, is said to have
Ty AL Ny ‘

i vonvhusion it may be said that the Sitasaongi Manganophyllite comes
very near the Linghan species (of. Table 1) and that the provisional identifica-
ton by B Fermor of the Bronze-brown micas as Manganophyllite has been
completely substantiated by our detailed chemical and optical investigations.
Honnay also be voncluded that the Manganophyllite does belong to the Biotite
group, isoathinity bowever being closer to Phlogopite-Eastonite rather than
ordory Huotife,

ALURGITE

Fhvaval characierc Ulsually oceurs in o small flakes and scaly massive.
Crovstds e not been notiwced. Also in small plates and books not more
than 1% mches across, Perfect basal cleavage and pronounced parting
patallel to T gAY, The presence of the latter yields long and narrow strips.
Chatastensie precussion figures are also obtained.  Specific gravity 2-90.
Pustre peatdy on wleavage Faces, Streak pale to light rose.

Opntical praperites. The aptic axial plane is parallel to 100. The acute
Brsevtony % very shphtly deviates from the normal to 001, Optically negative.
Mean tefractive imdex f1 1:62-1-63.  Birefringence high in transverse
sectiots Ly a - 03N 04) (could not be accurately measured by the Berek’s
cumpensator, s it was difficult to determine the position of compensation
correctiyy and weak in basal sections (y - B+ +0023). The axial angle
{(2%) i 2018

The colour in fanly thick plates is almandine to copper red; in thin
scales 1t v penkish to crimson (pale) with a tinge of purple.  Pleochroism
distinet: X Palepink; Y Copperred; Z - Light brownish red.  Absorp-
won X - Y - /. Strapght extinction.  Mottled appearance between crossed
micoly i tnosacrse sochions,

Compmittion,  Table T gives the average of three chemical analyses
of the Alurpite from Sutaspongi. The caleulated formula for the mica is:
iii’rmﬂ ii‘\'y, N, (”:x').,,m,a (A,i. be, Mg, Mfl)g.ml (Si‘, Al)4 (C))lﬂ‘

The pencral formula for Muscovite and Margarite as given by Bragg
(1937, po 215 v ( Xk (Y (Al, 81} (0)y0 (O, H, F)y, where the value of
¥ s in the neighbourhood of 2.0 In the formula of Alurgite given above
the salue of ¥ comes to 2:061, indicating its affinity with the muscovite
group.
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Tant
Constitgenta Welght % j Maod, Tvop Ty Mama Bloda Reomos
1 i 1 i 3 ‘ ,
o . i
8104 “ 58 8 159 % 131
Al3Oy 2.8 5 Y 7 ATy
FegOn . L1 084 o ol
MrO) v 10 U e ] 4
Ca0 v it 1R 018 YT
MgO x 223 e T 3rdv
K30 ~ g8 1] sjul
H30 N o a4 ' o
| 918 . 2902

%
E
a

In Table IV are given the analyses of Alurgites from Sweden, Piedmont
and Sitasaongi together with the average analysis of 37 Muscovite spronmens,
A glance at the table shows the very close similurity of the Sitasaongs spei-

men with that from Sweden, and also that the Alurgites are near 1o the
Muscovite group.

_ According to Winchell's (1925, p. 415 and 1942, p. 114) revined clusaifica-
tion of the micas the position of our Alurgite from the point of view of the
chemical composition falls near his Picrophengite (see Ihagram 1),

The refractive index g of the Sitasuongi Alurgite ix 162 161 while
that of the Alurgite from the Ultevis District Jokkmokk, North Sweden,
(Odman, 1?50: Min. Mag., 1952, p. 473) containing 0+ $9%, Mt is 149 | 607
the refractive index B of the specimen from St. Murcel, Piedmont, Haly (Dana,
1948, p. 666) is 1:59. The optic axial angles (2 V)
as follows : Sitasaongi specimen 29° 15*
specimen: 34°-35°,

of these spevunens are
» Swedish specimen K" 197, Predmont

' ;t ;s seen that the Sitasa:ongi Alurgite comes close (see Table I1V) fa the
wedish specimen but for slightly higher amounts of iron und MgQ, which

gs has al,ready. been ren_mrked account for the higher refractive index and
lower (2V) axial angle in the former specimen,
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Tanry IV

- b

ot M S e | oo
analyses
i ’ P 3 4 b
Y . Lot 4467 ) 4495
AL, . ot 2478 2119 33-61
L, . . 72 . 41
e b, . ek 436 1.22 176
Pree . ‘e o . B4
Mg, e, o } Lo “ 87
Moyt . ! 009 018 -05
ioalh . »HiR ; [ 28401 e 34
$iafs . . ‘ i . .
Mot . 2.9% 110 02 0-81
gt ' ed HRt Y 11-20 10047
bt o g M 1-32
TRIL . 44 t 28 HeTh 5-30
1,00 i, v 224 .. .
’ . . ﬂ i . 0-13
T o4l | 0990 09-172

Note - Analysin Noo 1 hy Raho, S8 K, and Dave, A, 8.

Analysis N, 2 by (xdman (01 of H), Min. Mag., 1952, 29,217, 473.
Analyais Ne Y by Peatield, 8. L., Am. J. Se, 189], 46, 288,
Analysis Noo 4 by Rankams, K. and Sshama, The G, Geochemistry, 1950.

Dana (1892, p. 635) said that Alurgite may be identical with Mangano-
phylhte, und classed it along with the biotite-phlogopite  micas. Winchell
(1953, p. 365) clisses it us o manganian phengite. and our studies point to
its being a manganian picrophengite.

In conclusion it may he stated that the tentative grouping of the crimson
and pink micas by Fermor under Alurgite (7) has now been proved to be
entirely correct.  The Situspongi pegmatite contains both the Alurgite and
Manganaphyllite  micas,  Dr. Fermor’s ( 1952, p. 129) opinion that the
Alurgite described by Bilgrami (1952, p. 42) is perhaps only Manganophyllite
#ppenrs 1o us to be substantinted by our studies. However, there is no doubt

T iy
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whatsoever, that undoubted Alurgite and Muangunophyilite veenr m close
association in the Sitasaongi pegmatite. The original mivas in the pegmatite
appear to have been Biotite and Muscovite, the former being the fust o
crystallise and hence occurring in pretty big books and plates and the latter
appeared later in smaller flakes and scales, The replucement of be by Mn
is the most common and geochemically the most important niong the vistous
possibilities (Rankama, 1950, p. 645), in the pneumatolytic-hy diothermal
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phases of pepnustite infrusion, The dark silicate minerals like Biotite which
contin hvdrooss b prroups in their structure are the ones usually liable to such
replacarent. B gay, therefore, be said that Manganophyllite and Alurgite
have perbap resalted from the diadochic replacement of Fe by Mn, in the
original Botite sond Muscovite of the Sttasaongi Pegmatite, during the hydro-
thermal o of erstallisation,

Our thanks are due to Mro 80 KL Sahu, Analyst, Laxminarayan Institute
of Technelopy, Nappur University, for assistance in the analytical work.

SUMMARY

The bronze-byrown and crimson-pink Micas of the Sausar Series, from
the Clubble soen, o Bhandira District, bave been investigated and their
apbval and Chemueal churacteristios have been recorded for the first time
amd doscussed el They are found to belong to the Manganophyllite,
and Alurgie species and exhubit close aflinitities with similar species reported
from Rweden 1 hese Manganiferous micas of Madhya Pradesh have obviously
resulted from the dundochic replicement of Fe by Mn in the original Biotite
amd Muscosite ot the Sitasaongt pegmatite, during the hydrothermal phase
of covstalleagtion,
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