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Abstract

The phase chemistry and the structure of hollandite-cryptomelane series in the
Precambrian Sausar Group of India are reinvestigated, The tunnel-cations of the hollan-
dite-cryptomelane series of the present investigation do not show complete exchanges.
Crystal symmetry of these minerals is affected by the amounts and the composition
of the tunnel cations. With increasing Ba?%t content, symmetry of cryptomelane in
Tirodi area changes from tetragonal to monoeclinic. These minerals appear to have been
formed in a wide range of metamorphic grade from the lowest {chlorite-biotite) to the
highest (sillimanite) grades. The local breakdown of hollandite to hausmannile (Ba-
feldspar must have occurred by the change of fy, condition of the system during meta-
morphism.

Introduction

in the Precambrian Sausar Group of India (846986 Ma.), the manganese oxide
orebodies are commonly interbanded with manganese oxidesilicate rocks (gendite)
and manganese silicate-carbonate-oxide rocks. These usually ogcur enclosed within
the non-carbonatlic and dominantly metapelite-bearing Mansar Formation {Roy,
1966 and 1981). The metapelites, manganese oxides and the gondites had identical
thermal and deformational histories and they have been metamorphosed under dif:
ferent physico-chemical conditions, from greenschist to amphibolite facies (Roy,
1966 and 1981; Dasgupta et al, 1984). The fo, was buffered internally and varied
considerably within the adjacent bands of manganese oxides, manganese oxide-silicate,
manganese silicate-catbonate-oxide rocks and the metapelites (Dasgupta and Manick-
.avasagam, 1981; Dasgupta et al, 1984 and 1985). Bhattacharya et al (1984) have
classified the manganese oxide ores into two types as hollandite-bearing and hollandite-
free assemblages. In both cases a progressive deoxidation with rise of temperature has
been noted. They have also observed the breakdown of hollandite into hausmannite +

*Present address: Department of Geological Sciences, Jadavpur University, Caleutta 700032, India



Hellandite and cryptomelane in the manganese oXide deposits 4235

Ba-feldspar at the peak of metamorphism.

Hollandite was first reporied from this belt by Fermor in 1906 (Roy, 1981}, Roy
(1966 and 1981) found that hollandite from Sausar belt is very rich in Ba®* ion with
insignificant amount of K ion. Bhattacharya ef al (1984), however, reported that
hollandites of this belt are very high in K ion content with fairly low Ba?* ion.
Cryptomelane has also been observed as a secondary phase in this bell (Roy, 1966
and 1981).

Bystriom and Bysirdm (1950} first established the structure of the hollandite
group minerals, as an isosiructural series Ay ,MngO,¢.nH; O. Their work has been
supported by Bums and Burns (1977), Turner and Buseck (1979, 1981), Giovanoli
(1980), Post et al (1982), Burns er al. (1983, 1985) and Miura (1986). Keeping in
view these earlier studies, we have reinvestigated the structure, chemistry and stability
of the hollandite group of minerals from the Sausar belt. Also the nature of the
gradation of exchangeable cations between the Ba2* and K* end-member analogues
has been probed.

Petrography and Phase Chemistry

The relevant petrographic features of the manganese ore bodies are as follows:
i) the major associated phases in hollandite-bearing assemblages are; braunite; *,
*bixbyite, braunite,, thausmannite, hematite, quartz, and *K-feldspar, ii) an early
braunite; along with pyrolusite or hollandite was formed {rom appropriate precursors,
during the early stage of metamorphism, ili) bixbyite developed in a relatively later
stage with the complete disappearance of pyrolusite. Bixbyite was partly converted
later to bravnite, (bixhyite + quartz - braunite, thematite), iv) hausmannite has been
ohserved only in the highest grade of metamorphism and was formed as a deoxidation
product of bixbyite or hollandite, with the appearance of a Ba-bearing phase in the
later case, v) in the hollandite-free assemblages, hausmannite occurs as crystallo-
graphically oriented lamellue within jacubsite (vredenbergite). These are the deoxi-
dation products afier bixbyite. The details of the phase assemblages from various
metamoiphic grades of the Sausar bell, along with the locality index are given in Table
1.

There are two types of band or lamination. Que is rich in hollandite of high
Ba?" /K" ratio and the other is rich in cryptomelane of very low Ba?'/K' ratio.
Figures la and b show the colour macromaps of Ba?* and K contents in the speci-
men TI-5. It is clear from these figures that hollandite and cryptomelane occur in
different parts as Jamellae of the specimen, Metamorphic equilibration of these crypto-

*Braunite; is the early formed phase and braunite; developed at a later stage as the breakdown
product of bixbyite.,
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TABLE 1. The phase assemblages in the manganese oxide deposits from Sausar group.

Smeaple Hoo 201 LAE I g oTn2' o s o1t C1131 TI? TI:¢ TI3 TI4 TIZ Tis 13
lLnllandiks
Cryptomclane

+

- 4 - - + - - + - .

+ - + + - + - + + + ‘ + -
Rraumite + + + - + - + * + + + + i 3 +
Bixbyita + ‘. + + - + + + + + - 4 ' N
1. fixldspar + - 4 ' z + - - + +

Index: B, U4-Balaghat and Ukwa area (chlorite-biotite grade);

CH1,CH2,CH2’, CH15, C11, C113-Chikla area (staurolite-kyanite grade);

TILl, T12, TE3, T4, TI5, TE6, T3-Tirodi area (sillimanite grade).
Quartz and hematite (as minor globules, mainly) are ubiquitous phases in almost all the
assemblages.

In TI1 and TIS, though hollandite and cryptomelane occur in the same sample, they are re-
stricted to distinet laminations, free of one another, associated phases being simijlar. U4,
C11,C113, T3-analyses are from Bhattacharya et al. (1984).

melane or hollandite and the associated braunite, bixbyite and other silicates is a
common feature. This metamorphically recrystallized cryptomelane is different from
the secondary cryptomelane observed from the oxidation zones of this belt (Roy,
1966 and 1981). The latter which usually occurs along fractures and cleavages of the
Mn-oxides, at places pseudomorphing the grain boundary, generally has a crypto-
crystalline nature and a very high H, O content (Table 5). They will be referred as

TABLE 2. Chemical composition of hollandite,

Seriai mNe. | 2 1 1 c 3 7 i} gl T 17 12

Sample o, U4 Cins c113 T3 TLd TLd T15 T15 TI1 TI1 T TI

EiG, 0.07 Q.52 0,48 o.0a .00 0.00 q.4a0 a.4a0 o.on g.a0 0.09 g.an
Tic a2 a4.31a a.449 .40 o, &6 g.24 1,14 B_11 a.29 0.27 .24 q.27
A12%3 a.5% .04 daEd 0.78 0.32 a.28 .10 .4t 0.26 .35 0.17 J.40
oring c--- D00 e--- -e-- 00D 0,05 G000 G.0F 0,02 Q.00 0,00 8,02
FugOy .47 P 157 7.52 5.7 [ B.32 B, 5T 3. 3.1 1.57 3.138
Mn%; TR.2% TZ.51 A%.8q  TL.43 78,67 TV.33 75.24 TF6.85 TH.T4 0 TR.BS 0 7940 YR, tD
Mgo© 4,00 o.0q 0.0q g.an 0.07 0.ao 0.0 o.on .08 4.00 0.0n f.qa0
Wiy ---- oond ---- -—-- (U G.ao n.on 0,00 a.40 .08 oo 4,40
Cal G.aT7 o.08 0.08 q.09 n.02 G.01 0.04 0.04 d.a0 .01 o.03 G.G2
Ha s a4 0.113 0.16 q.34 0.72 C.36 0,45 0.64 .48 n.42 0.63 q4.45
Kza 2,480 0.0% 024 1.49% 1.8k 1,06 2.44 2.06 1.1 1.E0 1,40 1.29
Bal 10,06 18,90 18,17 11,52 9.71 11,21 G.68 9.97 12,92 T4.B1 12.1F 0 12041
Total GG_H5 130023 97,39 98 NG, 76 97,313 Th,62 96,90 5441 9¥.19  97,.5¢ wi.02
Al guors T.o1e O.511 0 0,031 QL0000 J,.000 0 4, 00 g 4o po0d0 0.0%0 0,000 o.oodo
Ti 0.028 4.0371  0.0353% 0,046 0.026  9.028 0.%13 0.431 o.o2% 0,027 0,023 0.027
Al 0,092 0,166 d,100 0,122 0,049 d.040 0,015 O.D44 o_nq1 0.0s%4 00240 DLop2
er ceme o000 ---- - o.oa0 9,005 &.g00 0 O9.600 o.e0z  £.000 0,900 0,002
Fa't iq.445% 0,71 3.795 0.747 0.5t4 @404 CoRZ9 . B49  D.325 0DU3E8 0.358  0.337
Mn1+ 7.158 E.F72 R.I3% &6.881 T.175  7.05%8 B.BBS  7.045 T.246 Y. 2BO Y.276 V.Z72
Mg q.000 D040 C0.000 0,900 0,000 G.O00 0,000 0,003 0.0t5 D,0DO D.QOD 0,000
Mi ———- popao ---- -—— o.Qfo noagd o.ofn o.o0dd 0.000 0 0.0087  LLo4oG o.080
Ca 9.070  0.0%1 0.0 J4.913  0.003 0.001 0.006 D.0O0S 0,030 0.002 O.000 O.003
kA Ho00d n,034 0.043 0,039 0,183 0,083 0,119 0,165 0127 0,104 0,162 0,115
K G.439 0.075 ©0.052 0.313% 0,313 0.28t 0.412 0,348 0.220 0.268 0.237 0.218
Tia n.521 1.001  0,95%4 .59 0,504 0,583 0,481 0,517 OQ.6RT 0,558 0.R2A% 0,631
Total B.B10 8.764 §.75%7 AB.B3® A.767 9.738 9.843 8.8925 9.6M1 E.6T0 B_T0OW 8, 6A7

Note: Number of ions calculated on O = 16, Total Mn as MnO4 and Fe as Fe,04. Repeated
sample numbers give the average analyses of severzl grains in the same sample. See
Table 1 for sample indices and mineral assemblages.
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TABLE 3. Chemical composition of cryptomelane,

427

Serial Ho. 1 z 3 4 5 L] 7 ] ] 0 1 12 13

Sample Ho. B1 E1 Bl CHY oW CH1 cH2 chH2 CHZ oH2 " oHZ? CH2' z11
Bi0; 0.o¢ 0.900 9.00 0,00 0.06 0.00 0.0 a.0n 0,00 .00 LU i} o9 o.08
iU .02 0.04 a_oo 0.039 n.oz .14 0.4 0.12 0.13 0.16 0.17% 0.14 d.12
ﬂlzéj .40 9,4% q.64 {47 u_41 Q.38 0,268 a.3p a.30 0.33 1,34 0.7 0.3c
Crgly 0.03 0.00 f.o¢ 0.qo0 0.0 a.07 [ 9.02 . 4,00 0,00 [ 3] ———-
Feqly 3.82 3.72 3.08 5.B2 B.E3 5.39 6.93 6.50 7.02 5.70 6.44 6,46 5.71
Mng)?' B7.27 8&.47 B7.432 B2_23 B2.27 E2.62 B0.23 B1.45 80.7& HBZ.73 B1.18 &1.43 BO.3C
M30 a.00 .00 4.0 0.9% n.o0 0.0 .10 0.0 099 0.03 0.pr .00 0.00
Hil a.oc 0.00 a.o0 o.0 o.o3 C.00 0.2 0.0% 0.490 0.0 o.oc .02 ———=
[ 1w} .02 a7 9,15 9.9% o_og o.12 0.0E .02 0.01 0.0 0,08 G.03 0.13
Ha o0 1.26 1.47 1.72 1.08 n.Be 0.99 0.52 .85 0.56 1.08 0.&7 .85 1.18
Ko £.73 6.35 6.37 .79 3,80 4.57 3.88 4.55 4.319 5.1B 4.76 4.6€ 4.51
Bar -le 1.3z 1.2¢ £.59 4.13 3.E3 .7 4.35 5.08 3.00 4.23 4.45 3.TC
Total 100,91 1049,.5% 104,66 99,15 8T, F4 87,%4 97,82 98,29 98,22 08,22 9B.07 98,52 96,00
si ¢c.000 0.000 0.O000 G.0OOD Q.090 D.0QO0C D.00C 0,000 O.00D B.O00 G.000 Q.0Q00 0406
Ti g.p01 0.004 0.00C0 G.0DDE C.O008 D.O13 0.0711 O.012 C.D12 D015 CGLD1E DL0T3 C.011
Rl G 058 L0710 0,002 C.O0F0 002 O_0S€ O0_039 . on4h o045 0.049 ©.D51 Q.05 C.04¢
or 0.003 0,999 Q.09¢ L0000 R.001 4,007 4,060,002 0,001 0900 G, QOC 0,001 ----
Fed* G.34%  0.347 0.28F C.551 D.52% 0,528 Q.668 0.62% 0.67F 0,539 G.E15 Q.615 [.5E5
e 7.323  7.280 7.33F 7.150 7.22% 7.206 TF.109  7.13% .10 7.01%2 0 TL1ET TF.124 7,187
My c.opo 0490 0000 C.p04 C.O0C D_OQOQF  0.02¢ Q.0CD O_DDO 0.006 2.000 0,000 0.00QC
Hi LLopo 0L.a99 o0.499 0.oonl 0,903 4,000 J.0C2 O gph O 000 0,000 G000 0,002 ----
Ca c.002 0.09% 0.9 0.006 £.01Y 0,016 Q.00 0,003 0.00d 0006 G911 Q.003 0,015
ba ©.29& C.347 0.405 0C.264 ©.21€ D.243 0,129 Q0,200 ©.%3E 0.25% G.21% 0.233 C.295
® 1.043 1.0B2 C.9BE C.760 O.616 OD.735 0.631F 0,736 C0.70&6 0 D0.B30 0.7T1 Q.75 0.742
Ba 0.6 CLOES 0.060 G226 .20 D175 0,287 Q.¥VE 0,252 0.14E ©.2I00 0,221 G188
Tatal $.140 5.2%3 B.179 9.04% B.EE] 5,579 B.P0B 8.590 B.940 9.047 9,016 9,020 %.028

Note: Number of ions calculated on O = 16. Total Mn 25 MnO» and Fe as Fe,03. Repeated
sample numbers give the average analyses of several grains in the same sample. See
Table 1 for sample indices and mineral assemblages.

TABLE 3. Chemical composition of eryptomelane (continuing).

Serial Ha., 14 15 16 17 18 1% 20 2t 22 23 24 25 26

Sampis No. TI1 TIZ TIiz TIZ TIS TIS TIS TI3 TT3 TI TT4& TIE TIG
Sy 3.09 q. 00 O, Q0 a.00 G.404 .04 0._40d o_oo 0.00 o.og 0.00 0.0 n.od
Tid a.m J.08 0.0F a.04 3,404 .09 .05 0.0% 4,00 0,06 0,19 0.1% 0.22
Alaiy 0.34 .18 0.26 0.46 0.28 1.09 0.72 3.1 0.495 [N 1,49 .80 o,
orpd 9,04 a.G5 2.0 9.00 0.03% G.07 G.40 0.03 n.a0 0.oq 0.00 0.a0 0.03
Faaly 3,86 E.%8 5.35 E_12 3,38 3.52 .68 5.38 5.96 6.20 J.o8 2.62 4,36
Hnﬁz BE.52 HO.63 83,48 84.%3 485,91 34.50 B831.66 B82.57 B2.58 B2.93 H5.32 AR.5% A3.15
¥gd d.m 2,63 3,90 q.00 9.92 $.03 C.04 004 .00 a.aa 0.00 0.08 .00
¥id Q.00 a.en .01 2.00 0.00 0.02 0.04 0.0n J.00 .05 a.01 o.a2 0,01
Zalt 0.0&8 a5 1.a3 a.066 J.02 2.05 0.02 0.08 J.086 0.04 A.04 0.Q% i, 0%
Nas0 1.434 q.74 1.08 4,85 1.3 1.29 1.14 0.94 0.31 0.55 1.35 .29 1.4
B4 &6.04 4.19 .35 .63 3.63 5.37 4.74 5.54 5.53 5.60 5.46 5.81 4.31
Bal 1.47 5.43 3.67 4.81 3.2 3.46 4.13 3.04 2.66 318 2.54 1.91 4.45
Total $00.55 98,53 99,31 97.50 3%.40 59%.49 SB.16 97.8F 9ST.8T  FELHT O O9.TE 99,87 49,20
5i 9,000 0.000 0,000 9.000 9.000 0,000 %.000 0.000 J.000 0.006 O.000 0.0071 0,000
Ti 2.G00 Q.008 0.00Y D.004 0O.098 0,008 0,005 0,001 4,000 0006 D.018 0.0714 0.22%
Al 2.04% 0.053 0.039 D.069 0,041 BLEE0 G137 0,016 D.00F 0,002 0.12% 0.116 0.114
or J,000 0,005 6,041 Q.000 0,003 0.007 0.090 0.903 Q.000 0.400 J.000 4.000 0,603
Fal* 0.3155 0.66% 0.504 9.588 0,315 0.323 0.349 0.512 2.567 1.536 D.36B D.242 0.429
Mnt+ 7.305 7.030 T.215 7.13% 7,348 7,240 7,288 7,233 7222 F.185 7.250 7.331 7.149
Mg 4.002  0.005 .000 9.000 0,004 0.006 0.000 0,008 O.Q00  0.000 J.0G0 0,075 02,600
Wi 9,000 0.000 G.001 D.000 ©.000 0,002 0.000 0000 9.0600 0.005 0.G07 9.362 J.G00
Ca 9.007 0.007 0.004 0Q.0Q0Y  G,Q02 .,007 0.003 0.0171 9,608 0006 J.008 0.012 J.012
Ha 0.340 0.183 0.261 0.20% 0,315 0,3t1 0.283 0,230 9.222 0,207 0.321 9.306  0.14)
3 1,465 0,880 G,8%3 0,753 0.A8% 0.649 0.7E2 0,895 0.891 0.8% 0,257 D.30% 0.719
Ba 4,074 0.371 0,180 A_240 0,155 0,168 0,204 0,131 0.132 D.1%A d.122 0.092 0.218
Total 5,194 A.971 %.063 9,011 3,072 ¢.087 3.001 9.060 3.04% B9.033 9.0FF 8,062 9.047

“supergene cryptomelane” in the subsequent discussions.

Chemical analysis of the phases was carried out using EPMA (JCMA-733 model)
with an accelerating voltage of 15kV, specimen current of 1 x 10 A and 10 pm
electron beam diameter. Natural Fe, Q5 and synthetic phases of other elements were
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a

FIG. 1. Colour macromaps of hollandite-cryptomelane lamellae from Tirodi mine (T1-5).
a) Ba wt %, b) K wt %.

gize 1,35 x 1.20 cm (aspect ratio is not accurate because of the CRT display).

c

Fig. 2. Colour macromaps of hollandite-cryptomelane series minerals being crystallized
along the crack of braunite,

a) Ba wt %, b) K wt %, ¢} Mn wt %.
size .90 x 0.80 mm (aspect ratio is not aceurate because of the CRT display).
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used as standards. Oxide concentrating values were corrected using ZAF scheme. The
compositions of hollandite and crypiomelane are presented in Tables 2 und 3 respec-
tively. Between the coexisting grains of hollandite and cryptomelane and even within
a single grain, the concentrations of A-cations vary considerably, indicating significant
disordered nature of the tunnel cations. This fact indicates disequilibration in their
chemical potential, even on a micro-environment. Hollandite and cryptomelane seem
10 be stable within 4 wide range from the lowest Lo the highest grades of metamor-
phism. These phases are anhydrous having only a very insignificant quantity of H, O
(Tables 2 and 3). Figure 3 shows that in a Ba?*-K*-Na* ternary field, the composi-
tions ol these phases can be plotied in two distinct regions of the hollandite and
cryptomelane fields. Nambu and Tanida (1980) reported a complete gradation of
chemical composition between cryptomelane and manjiroite. In the present study,
the average number of A-cation of hollandite is nearly about 1, while it varies between
1.2 to 1.4 in case of cryptomelanes. The site occupaney limitations in the tunanel struc-
ture of these two phases, logether with difference in the charge of the Ba?* and K*
ions and the overall charge balance between the tunnel cations and the [MnOg ]
octahedra, probably inhibited a complete gradation between the tunnel cations of
these two phases (Bystrom and Bystrom, 1951; Burns and Bums, 1977, Giovanoli,
1980, Post ef al, 1982). Giovanoli (1980) and Giovanoli and Balmer (1981) studied
on synthetic phases and reported that the replacement between Ba®* and K* jons in
this isostructural group is only of limited extent.

Na'

& trom chlorite-bintite grade

a- from stasrciibe kyonite grade

kY

\ W frew sillimanite grade

FiG. 3. Plots of the A-cations in hollandite and cryptomelane from various grades of
metamorphism. Published data of Bhattacharya ef al. (1984) are included.
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A similar feature is observed in the supergene cryptomelane of this belt, Figure 2
shows the colour mactomaps of Ba’® and K' in hollandite-cryptomelane series,
formed along the cracks of braunite. Cryptomelane is a supergéne mineral derived
from braunite, As the total oxide content of this cryptomelane is only 90 .- 91wt%
(Table 5), this phase may contain nearly 10% H,O. The distribution pattern of Ba2*
and K ions also reveals that these two elements exist separately and do not show
continuous replacement.

Miura (1986) and Post ef al. (1982) who studied on single crystals have reported
anhydrous hollandite and cryptomelane respectively from this belt. They found
monoclinic nature of these two minerals. In the present study, however, both mono-
clinic and tetragonal structures of these phases were cbserved, independent of the
metamorphic grade. In order to know the relationship between crystal symmetry of
hollandite-cryptomelane series and chemical composition (especially, species of A-
cation and site occupancies), the cell constants of some single grains were measured,
Samples were chosen from Tirodi area of the Sausar belt. The diffraction data were
gbtained by Rigaku AFC-5UD four-circle goniometer with Mo-Ka monochromatized

31,8k

TR e

FIG.4. Relation between cell dimensions and K/{K+ Ba) of hollandite and cryptomclane
from Tirodi mine.
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by pyrolytic graphite. The unit cell constants were determined using 12-16 reflections.
Least square calculations were performed by URAP program (Rigaku). Chemical
composition of each grain were analyzed by EPMA. The results are shown in Fig. 4.
There is a clear correlation between K/(Ba + K) ratic and § angle. With increasing K*
content, § angle decreases from 91.1° (monoclinic) to 90.07 (tetragonal). The length
of the a-axis also shows a clear correlation to K/(Ba + X) ratio. Though the length of
the b-axis is almost conslant. Within the range of K/(Ba+ K) =0.7 and 0.95 {crypto-
melane), the c-axis increases with increasing of K content. The c-axis of hollandite
can not plot on the extrapolated line of that of cryptomelane solid solution. Thus it
can be said that the crystal symmetry of hollandite-cryptomelane series in Tirodi area
is controlled by the composition of the A-cation.

Dhscussion

In Precambrian Sausar group of Indiz, the hollandite/cryptomelane + braunite
thixbyite bearing assemblages studied here were stable in a wide range of metamor-
phism, from the lowest to the highest grade, altained by the rocks of this group.
Bhattacharya et al. (1984) reported that Ba®* ions stabilized the hollandite phase at a
high grade of metamorphism such as sillimanite grade of the Tirodi area. Similarly K*
cation as well as Ba®" in the tunnel structure will stabilize the cryptromelane phase ai
similar grade of metamorphism (Burns and Burns, 1977). Hollandite or cryptomelane
formed in the late diagenelic stage and remained as stable phases upto the highest
grade of metamorphism in the belt. High K* ion content of cryptomelane which was
formed irrespective of the presence of K-feldspar (Table 1} can not also be ascribed to
high metasematic concentration of alkali elements. Hollandite found in the pegmatile
veins in this area does not show any appreciable compositional change from other
occurrences { Table 4).

The crystal symmetry of these phases depended on the available K/(Ba +K)
ratio. Post et al. (1982) pointed out that the crystal symmetry of a-MnQ, series
minerals depends on the relative ionic radi ratio of A-cation to the metallic ion which
forms the framework, In hollandite-cryptomelane series, average radii of Ba?" ton is
nearly the same to that of K* ion. The difference in the electric charge of these cations
is believed to give a great effect to crystal symmetry and there is only a limited extent
of muinal replacement of the tunnel cations within a particular phase. The effect of
metamorphic grade to the crystal symmetry of cryptomelane-hollandite series minerals
may be minor.

The breakdewn of hollandite to hausmannite +Ba-feldspar observed in the present
region (Bhaitacharya er al, 1984) can not simply be explained by the P-T condition
of melamorphism. it has already been established that the fy, conditions of the



432

TABLE 4. Chemical composition of hollandite

TABLE 5. Chemical composition of supergene

Hiroyuki MIURA, et 4f.

from pegmatite veins. cryptomelane,

Zerial MNo. 1 2 Serial No. 1 2
Sample No. TI7 TI7' Sample HNo. TI1 TI4
$10, D.90 2.00 §105 0.14 0.00
mi05 0.40 9,45 Ti0, 0.43 0.00
1,0, 0,21 0.25 al,0s 0.22 0.01
Cr503 0.00 0.00 Cr,03 0.00 ©.02
Fes03 7.73 7.80 Fe,03 186,47 5.02
snd, 75.04  73.43 Mnd, €6.54  7€.68
MgO G.00 0.03 MgO 0.0¢ 0.00
NiO G.00 0.09 Nio 0.00 0.00
Can 0.02 0.02 Cao 0.39 0.44
¥a,0 0D.52 0.37 Na,0 6.27 0.27
<, 0.99 0,54 Kzé 4,22 5.00
B&O 11.58 14,16 Bao 0.10 0.00
Totral 96,49 97.14 Total 90.87 91,44
Si 0.000 2.000 81 C.020 0.000
Ti. g.041 0.045 mi C.049 0.000
Al 0.933 0.040 Al 0.0G35 0.002
Cr._ 0.000 0.000 Cr. 0.000 0.002
Fe ™t n.782 0.797 Felt 1,890 0.904
Mntt 6.966 6.892 Mnd+ 6.253 7.058
Mg 3.000 0.007 Mg 0.008 0.007
Ni 0.000 0.009 Ni 0.000 0.000
Ca 0.003 0,003 Ca 0.056 0.063
Na 0.134 0.098 Na 0.072 0.070
K 0.170 5.093 K 0.731 0.850
Ba 0.609 0.754 Ba 0.005 0.000
Total §.738 8.738 Total 9.119 £.950

Note: Number of ions calculated on O = 16,
Total Mn as MnQ. and Fe as Fey03.

Note: Number of ions calculated on O = 16,
Total Mn as MnO, and Fe as FeqQs.

manganese oxide assemblages varied widely (Dasgupia and Manickavasagam, 1981) and
was buffered internally by the mineral assemblages (Dasgupta er al, 1985). With
rising temperature, in an isobaric situation, the fg, -T path must have intersected the
bixbyite-hausmannite buffer curve and shified into the hausmannite stability field.
We believe that the breakdown of hollandite into hausmannite-bearing assemblage can
gasily happen simply by the change of fo, condition of the system during metamor-
phism.
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