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Manjiroite, a new manganese dioxide mineral, from
Kohare Mine, Iwate Prefecture, Japan

1¥f $ t~ :ft: (Matsuo Nambu) **
:ft fH M1 {3e (Katsutoshi Tanida) **

Abstract: Manjiroite, a new manganese dioxide mineral, occurs in
the oxidation zone of rhodonite-tephroit~-rhodochrositebedded ore deposits
of Kohare Mine, Iwate Prefecture, Japan, running along the boundaries
between chert and schalstein of Pennian age. It is associated with
pyrolusite, nsutite, bimessite, cryptomelane and goethite. Manjiroite
is dense compact masses up to 10 x 8x 5cm., with marked conchoidal fracture.
Colour dark brownish-gray, luster dull, streak brownish-black. No
cleavage, sp. gr. 4.2.9, Vickers hardness 181 av. Under the microscope
opaque, distinctly anisotropic with weak pleochroism.

Analysis gives Mn0a 85.79, MnO 3.17, CuO 0.03, CoO none, ZnO 0.03,
MgO 0.18, GaO 0.22, NaaO 2.99, KaO 1.39, BaO 0.16, AlaOa 0.62, FeaOa
0040, TiOa none, SiOa 0.12, HaO- 0.68, HaO+ 3.92, sum 99.71 %. This cor
responds to (Nao . 7a Ko.aa Cao .oa BaO.01)0.99 (Mn4+1 .46 Mn2+0 . a4 AlO.09 FeO•04 Mg
0.03)..96°16' 1.64HaO or (Na, K) Mn4+s °16 , nHaO (probably n<2).
The DTA curve shows endothennal effects at 530°, 905°, and 980°C. X-ray
study shows it to be tetragonal, ao 9.916, Co 2.864A, isostructural with
cryptomelane. There is probably an isomorphous series between crypto
melaIle and majiroite. The stroIlgest lines of the X-ray pattem are 2.406
(100) (121),7.02 (98) (110),3.14 (92) (130),4.94 (77) (200),2.160 (69) (301),
1.839 (46) (141), 1.548 (46) (251), 2.332 (38) (330), 1.431 (38) (002).

The Ilame is given in honour of Dr. Manjiro \Vatanabe, mineralogist,
economic geologist and Emeritus Professor of Tohoku UIliversity, Japan.
The mineral, Manjiroite, has been approved by the Commission on New
MiIleral and Mineral-Name, LM.A.
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Fig. I. Map showing distribution of Manjiroite (solid circles) and
Cryptomelane (open circles) in Northeastern Kitakami
Mountainland.
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Fig.2. Geologic' map of Koharemining area.
I : Sandstone, U: Slate, IU: Schalstein,
IV: Chert, V: Outcrop of ore deposit, VI:

Horizon of' blind ore deposit;
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Geologic map of -22m
level, shaft No. 2, Kohare
Mine.
I : Schalstein, II :Massive
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dike, IV: Manganese
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Schematic diagram showing the
occurrence of Manji::-oite from-22m
level, shaft No. 2, Kohare Mine.
I : Schalstein, II :Pyrolusite+Nsu
tite+Birnessite, III : Cryptomelane
+ Birnessite, IV: Manjiroite+Goe
thite, V : Massive chert.

f:~i!lnfr1u:lll~tJ:-~bK-to1
t:l:tll! a:-tr'1/:-t~ c 4.23 c t.J. I),

ijilli:11FJ-q:.CD7.t,:HW: 1 UJ:~o

tJ: B, ;!l1!Wl~~ c 2,3 CD&j;'!JlCD

'1 ') 7" ~ J v-/~ cCD;fft-r'm:

~, I/o/lmMJ'\1:J!l:B J: Lf?;1f ~ h ~

Na, K, Ba 3~CDJ*-r.lta:-1:It4

3'H:~lt:o

9· 1Jll ~ ~ ~

a. ~~W!\7.tt!TI!ll~

~~W!\7.tt!T I!ll~I;1 tR~1: ~.r-:

~1JDW!\~:i: I!ll~c ;tH:, m'¥'iS;
~~~iffi[§ilc:rt ~~W!\~1"f ~ti

a:- ffllt', fR:11!~H: llc~ ~ -ttt: o ~

~1;1~iffi[J: I) 1,020°C I1:CDiffi[

IO'B1l!l cl, ilttM O.60g a:- ffllt',
~iffi[* lOoC/min 1:n tr:::>t:o

(~6 JgJ)

~ 6 JgJ J: I), ~}j~ tJ: ~ - 'I c

l -c, 400°C f: 1;1 t 1 I) 530°C

f:q:..c" a:-1fl 600°C f:~~ rjJ)1..

It' 1JItW!\ \:.' - 'I, 905°C B J: Lf

980°C f:q:.'C,a:-1f-t~ ~;jitJ: IJ!k.

VIVIII

o 20cm
LI__.L-_---J.

• I
I I f/" /\"

I f I ( ! I:
1// (/'/

/ I I: 1
/1 / (\ ,

://I/I,!/;:
/1/11/:,"/
/,'/1/;/;\ ,
: I I /,/,1 /" //:. ." '.

f : _ 1/1" , '.,
I I /(/:" ~.-rl/' '" ", ',: ::

/ / ( ;(/1 .'",
/ I I (/'11 (:: ' ,'.,',

/ I li 1 I I:;,
I /1/' '

1/ (If,""

11

I I /
////
//

Fig.4.

i,

Fig.S. Photograph ofJ\Ianjiroite hand specimen from Kohare
J\Iine. Black and white represent J\Ianjiroite and Goe
thite respectively,
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Table 1. Chemical analysis and calculation for
Manjiri'iite from Kohare Mine.

I
Imol. prop.

atom. cations on the basisi wt.% ratio of 16 oxygensI

:lInO. i 85.79 I 0.9868 MnH I 0.986B. 7.46]
:lInO 1 3.18 .0.0448 Mn2+ I 0.04J8 0.34

Fe.O. I 0.40 0.0025 FeH 1 0.0050. 0.04

l
' I i

I I

0.0122 .[Al.O. 1 0.62 0.0061 AIH
I

0.09

CuO ! 0.03 0.0004 Cu 0.0004 I 0.00 7.96

CoO none Co I
ZnO 0.03 0.0004 Zn 0.0004 0.00

:lIgO 0.18 0.0045 Mg 0.0045 0.03

CaO 0.22 0.0039 Ca 0.0039 om)BaO 0.16 0.0010 Ba 0.00,10 0.01

Na.O 2.99 ,0.0482 Na 0.0964 0.73 0.99

K.O 1.39 0,.0148 K 0.0296 0.22

H.O(+) 3.92 0.2175

H.O(-) 0.68 ° 2.1174 16.00

TiO. none

SiO. 0.12
H~O . 1.64

,

Total 1 99.71

~~ - :7i1;,7j. i?h:5 o 1 t: 290°C 1:.p,L., a- b -::>;j;j~-C~v,1!&.W!! ~-:7 c., 675'C 1:.p,L.,

a- b -::>~,,'§ew!!~- :7i1;,7j. i?h:5o I!IJUQ)%li, :E~~- :7Q)m.liJ:::E'TQ)~!iJ;')(,7j. i?h

;;, bQ)Q), :71) 7' r;J v-/~Q)-{-hc.Jil<W.-cv<Qo

b. ~~:l:IIIlU,

imW!!~:l:J!lrUlim7~1:~Lt:o :.h J: I), (1) ~m.-325°C, (2) 3~.w_575°C, (3)

575°_700°C, (4) 700°_890°C, (5) 890°_925°C E HI. (6) 925°_1,020°C Q) 6

~~Q)~:l:iI;,7j. c. ~ i? h:5 °

:7 1) 7' r ;J v- ;;~M~!fo/Jli-!ijJl:I:Hp a-1t;UiI;, J 10°C W-J:-e:/t{lli ~ n::J7.K-nlitm

;¥i~:.J::-::>-Ct'i~mJ:ffil;~;Q'V'~h:5:'C. tJ, <Jl)(;t:i?h, ;Q,-::>~;l:;jJ~(:-{-Q):'-j'fI\;');'¥}1!&.JlZ~

n~:. /:.;0''0, m:E7.k(8tJ,W:1{Q) bQ)-e;!i>~': U;L i?n -CV~:5'o U'L,H.O iJ;7'C4
~:r<l:fl L -C L 1 ? ~~Q)m.1tli l\fuO. Q);ffl~{t.iI;]!~t:5t:~, f,1fWk~~~'h-cv,tJ,
V'':';" ¥J 500°C c. ~.n -CV':5 (Gruner, 1943b;Bystrom.Bystr6m, 1950>'0:7 1) 7' r
;J v.,- /~C.~mJ:ffmi~(:;!i>~~~E~Q)~1H:>,~w.Q)~Jba- c. :5c.~'Xi?n:5o ~~

)lE~Q)tmW!!~:l:I!IJ~(:,7j. ~~, i? h:5 6 ~JltIic6~:l:li, -::> ~'Q) J: ? I:m~ ~ hJ: ? 0

:" (1) ~i1\l.-32·5°C: ]!:I:~li 1.6% -e;!i>-::>-C, H.O(-) EH; Hp (+) Q)-f;i)Q)

!Zlli(:.J:~ bO,Y"'c;!i>lJ, ~~~t!TI!IJU-eI;l: 290°C Q)~V'1!&.W!!~-:7 c. L-C*;:~~n-C
"~~':6'~,. '

(2) 325°-575°C: :'Q)ra~Q)~:l:I;l: 5.5% -e;!i>-::>-C, ~~W!!-nt!TI!IJ~&Q) 530'C I:.p
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Table 2. Chemical analyses of four Manjr5ites
from Tachikawa and Kawai Mines,
Iwate Prefecture.

ITachikawa I Kawai- 1 IKawai- 2 IKawai- 3

MnO. 84.79 I 83.60 I 85.01 81.98

MnO 2.92
I

5.30 2.55 3.40

CuO 0.02
I

0.01 0.02

CoO 0.01 0.02 0.14

ZnO 0.03 0.03 0.03

MgO 0.06 0.11 0.28 0.16

BaO 0.37 0.22 0.49 0.00

CaO 0.26 0.92 0.02 0.10

Na.O 1.89 1.90 1.84 1.88

K.O 2.27 1.92 2.17 2.25

H.O(+) 2.91 3.40 3.57 3.9q

H.O(-) 2.12 0.89 0.52 3.29

Fe.O. 0.89 0.92 0.28 0.65

AI.O. 0.96 0.25 2.76 2.66

TiO. 0.00 0.01 0.00 0.00

SiO. 0.24 0.17 0.34. 0.22

Total 99.74 99.64 99.89 99.74

Na 54.6 59.2 54.7 55.9

K 43.2 39.5 42.4 44.1

Ba 2.2 1.3 2.9 0.0

'C,a-;§T~rjJJX\d&.~1::"-71:;;qli:iT~o.:.t1.l;1 H.O (+) Q)~Q)1itI::lH:, Mn02~

Mnp. Q)m~(~I:#-t.. ?J1lUj~~lJtli:iI:S:r*T~ i; Q) I:~X Gn, Wzl):Q);tm¥l!\m~{~Q)~

1!iit~"'I: J; ~ 1:, 400°C ;tm¥l!\!f&rt:r;l Mnp. mQ)I::IHJUI~7;.Gnt.."< I: ;(), G, pt.. <I:

i; 400cC ;£<:I;l HP(+) Q)1itI::lH:J;~':'l:il~~)jG;(),<:;I)~o "';£, ~UiJ:IJ 500°C

;£ <:Q)~i:a-7;.~ I: 4.3% <:;1)-::>'(, {~'¥7Hfi'ff[Q)~ H.O 4.60% Q)~ 9 j!ffil: m~ l,

500°C ;£ <:1: Hp Q)*~il~1it1::l:\i': nt~':'1: a-ffil,("'~o

(3) 575°_700°C B J; rJ (4) 700° - 890°C: (3) B J; rJ (4) Q) ~i:I;l-t-n.:et1.

2.8% BJ;rJ 1.4% <:;I)~o ~itQ);tm¥l!\m~f~Q)~JIU1)7;.'(, ':'Q)r.llQ)~i:';l Mnp.

~~I: J; ~Jmi'iii~lJtIeH: i; I: -r <° t.rB, 5000 _890aC Q)~~i:,;l 7.Q% <:;1) I), {~~

1HiT<:JEi: ~ nt~ MnO. I: MnO il~YG~I: Mn.O.I: t.. -::>t~ i; Q) I: l '(Q) 1lt 'JJWn:t
7.55% <:;I)~a

(5) 890o~925°C: ~il:I;l 0.5% t {iP<:;I) ~iJ!, ffi-&¥I!\fHiTtfuU:Q) 905°C Q)1l:Z~

l::"-n:;qli:iT~o
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Table 3. X-ray powder data for Manjiroite from Kohare Mine.

Cryptomelane, 1)

Western Australia

----~-----------------.---------

I
Monjiroite, Kohare,

hkl 1wate Prefecture, Japan

Idabs. (A) \ 1/10 \ Qobs. Qcalc. I dealc. (A)

6.94 s
4.92 s

3.48 w
3.10 s

2.45 w

2.39 m

2.32 vw
2.20 w
2.15 m

1.97 vw
1.92 w

1.83 m

1.73 v w

1.69 vw
1.64 m

1.61 vw

1.54 m

1.43 w

.1728

.1839

.2035

.2143

.2957

I
I} .3709

I
46 I .4173

38 i .4883

I 100

I ::
i 69
I

I 461.839

1.642 i 31

2.406

2.332

2.217

2.160

1.548

1.431

121

330 I
240 i
301 I
321 i

'1
I

i

!}
I
I

150

141

440

350

600

501

260

251

oo~

-210010 ill 7.017 I' 98 i .0203 .0203 I 7. 012 1
4.941 77 .0410 .0407 4.958

220 I 3.493 31 .0820 .0814 3.506

130 3.136 92 .1017 .1017 3.136

400 .1627 2.479

.1728 2.406

.1831 2.337

.2034 2.218

.2134 2.165

.2541 1.984

.2644 1.945

.2948 1.842

.3254 1.753

.3458 1.701

.3661 1.653

.3761 1.630

.4068 1.568

.4168 1.549

.4875 1.432

1) Faulring, Zwicker & Forgeng (1960)

(6) 925?-1,020°C: ;:O)F.ll-e,f-J 2.7% O)£:I:~a:-ffiL, fiiJ1*, 980°C 0)1J1llli!\~-:7

I:::)ej~"too (5) c. (6) O)jjllj~I;I::Ec. VC Mn20 3->-Mn30. Q).m~1ltml:::m*"t:!>o

tJ:B. ft~J:H!Tf[1U l')~Lt.: Mn20.->-Mn30. O)~:i:l;l: 2.49% -eG!;:!>o
c. .troRlffi~{r.

7;) 7" ~;l V-;/~Q).trolli!\:ffi~{r.I:::-:Jv'-CI;l:, Cole·Wads1ey·Wa1kley (1947), Mc

Murdie·Golovato (1948), fli'DEfj (1960), Faulring.Zwicker·Forgeng (1960), WHI15
• ~Efj. ::left (1967) toO)1iff'9LiJ!;b IJ, rn:~"'/ ;A-;";/~I:::~~"t:!> J;gil-c., ~:7;A ~

. f;.l;~"-C), '/ ;A -;" ;/~I:::~~"t :!>J;gil- c. iJ~G!;:!> ;: c. iJ~L to h -Cv':!> °
~~~~::-:Jv'-C, 400°, 600°, 700°, 800°, 920°, 1020°C I:::BI1 :!>_%Ja:- X ~

@HJT<':~1ML :ffi~{r. a:-~i'if.ri Lt;:o .trolli!\~flfl;tffi£lli!\?HJT CfiiJ1*, :1t~*- WOC/min -e G!;
.0 ° :!Jo~¥i::U X ~tf}*@i:J!T~I;I:~ 5 *I:::ffi L t.: o

. 400"C '.tro1i!\~-eI;t, x ~tf}*[ill:J!T~I:::~{r.iJm: ~ ,U:,1;. c 30 to h of,*_~JM J: l')
t-L 7,@'1JT5J!ll.fO)~*iJ;,1;.C30 toh:!>o ':'Q)~;MO);fItTt!'l.1H:- .I:!:\"t:!> C, ao=9.85A,

. ~~~2.~6A c. tJ:1J, 1e1:::ac~L t.:*_;j;:t;MQ).:t:h c~"t:!> c, Co 1;I:~{r. L tJ.v'iJ~,
aol;~O)J!:ZmiJ~,1;. c 30 to h:!>o ID'pJ{-eO)~t.:.tro~l."Ull!!J~J: l')~:I: i- J: t- c 2.2% -e



Table 4. Comparison of some properties of Manjiroite and Cryptome!anes

i, Manjiroite \ Cry'ptomelane

; Kohare \TOmbstone,l) Sugar 11,2) ChikhIi, a) IWestern')
] mine, Arizona, Stick, India ,Australia
" Iwate \ U.S.A. Arkansas, ,
I Fret., U.S.A. I! Japan I I

Crystal system 'Tetragonal
I

Tetragonal
ao (A) 9.916 , 9.82 9.822 9.82

Co (A) 2.864 I 2.83 2.858 2.86

co/ao i 0.289 I 0.288 0.291 0.291

Cell volume (Aa) I 281.6
1
, 272.9 275.5 275.7 275.8

I ,

Habit Dence Massive Fine i Acicular
compact cleavable grained 1

mass mass

Colour Brownish Steel gray to Steel gray ! Black
I dark black
I gray

S (obs.) I 4.29 4.33 4.41 4.4
p.qr. (calc.) 4.23 4.49 4.53 4.:37

Hardness Hv(l00g) 181 3-4 6-5.5
1

(wt.%)
-~-

Na.O 2.99 0.44 0.56 Small 0.38amaunt

K 20 1.39 3.5 3.84 2.4 4.4
I SmallBaO 0.16 0.13 tr. . I amaunt 0.08
,

(atom.%)
Na 75.9 15.9 18.1 11.5

K 23.3 83.2 81.9 38.0

Ba 0.8 0.9 0.0 0.5

1) Richmond & Fleischer (1942)
2) By'strom & Bystrom (1950)
3) Mukherjee (1959)
4) Faulring, Zwicker & Forgeng (1960)

,t":'-C, ~ H 20 (4.60%) 0*9~i!:;b;.ttcm~ nt.:iU!H::,t 0o

530°C f::.p'IH·:fl'i" 0 rfJ}1;"'I\!kW\~ -7~T@:~0 600°C ;tmJ1ll\~I;t~15:~3@t;0@11T~

a:-cE ci" o;b;, j;-i!:0 1::' 7 A 1::'~Q)@lj;ff~;b;m:m \... -C"'o 0 700°C, 800°C 1: ;tmJ1ll\m.lt;b;

J:s\'f.i"00f::{'j'-tJ:"', ~7 A ~~Q)@lj;ff~Q)~;b;:lj;J;tmL., @j;ff5iilltbJlll:i15::lj;Jktoo 1.-;&>

\...'. 800°C :tJoW\~-e b tJ: };~~B~Q)@lj;ff~I;t~Jj~-e,too

905°C Q)1\!kW\IitLE@:~Q) 920°C :tJoJ1I!\~l;J:cEc \... -Cl::' 7 A I::'~ J:: f) tJ: 1), j;-ii!:0" '/

A '" /~a:-~l; -CV'00 ~~B~f:ffi"li" o@lj;ff*!I;t7"C~f:j'i'j:9i: \..., 905°C 01J&.l?!IitLG
-e~f$;b;7f;T \... t.::'2: a:-~\... -C"'oo :'Q)~*'lQ)1::' 7 A 1::'~0~T'I1l~I;J: ao=9.41A -e
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o 200 400

Temp. (OC)

600 800 !.'JOO

14

12

10

c.
u

~ 4

Fig.G. Differential thermal analysis curve of :Manjiroite from
Kohare Mine.

o
o 200 400

Temp (Oc)

600 800

Fig. 7. Thermal gravimetric analysis curve of ~fanjiroite

from Kohare :Mine.

~-')-C, G~ner \l943a)Q)¥R1!fI..J':~~\::·:7 A \::'~CD ao=9.42A f:i1i:W,l-C,'<;,o

,9.80~CCDIJ!tJf!\&Li1~Jrn:~CD I,020°C ;lm~i~l;t \::;:7 A \::'~CD @t'fiVj\;o~ J'G~f: ii'i~l,

,,'7 A. ",:;)~0@t'f~tJ~3::. C t.r ~~ .:. 0/' '/ A" /~I;t:f1t.:rj:][ik ao=5.76A, co=9.44A
.'l:i';~, Aminoff (1926) CD-3'-'u.:filn:-lZ-r~o .

t.. B,: 905~C l;.t.I::CD;lmJli!\~f:l;t~::;!j- t, tJ~ :7 1) 7" } ;I v - /~ CD :tmJli!\~f: 0'.. ' -C }~t:iii
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Table 5. X-ray powder data for Manjiroite heated at
various temperatures.

7.02 11316.97 25
1
6.96 I 6 6.96 112!6.96 112

7
.
06

1

2

5

11
,1 7.06 12

12
91

4.94 110[4.92 22!4.98 14 4.94 ,10
1

4.93 134.92 ,4.92 '

I

: : I I 3.84 !17It~~ 2~::~~ 2~: 17
, '~3.53 101 3.52

3.49 413.48 71 I I i ' ,
3.14 123.115 2513.15 13 3.102

1
13

1

3.110 171 I I I

: 1 1
1 r20061"'''' 'I:::: 1:1 ;:~; ~

I i 2.707 6 2.714
1

'612.718 86'12 .716 98, I
I , I 2.488 12, 2.486 75

1

,

2.406 1132.399 31,2.402 21 '2.401 1112.391) 11' I

I !, ,I 2.3531111'12.355 13
i
,2'354 ,15 2,361,21

1

, H B
2.331 I 512.312 6, I I I M
2.213 I 3, I ,I! M
2.157 I 912.155 142.157 10 '2.159 i 512.156 6 ! 'I ' M

: : I I • , 12.098 6. I, B

I \12 . 006 5b 2.005 1102 .001 1'112.004 13 2.037
1

23
i H B

i I l,862 7b 1.84311111.847 131.843 15
1

1

• I B

.8381611.836 13

1

1.831 5b I 1 I I I 11.826171 H.M

i : I I , 17+:1016 1'; :::: I::i
l
• :B

.642 !41::::: :i,1 ! 1663 !"11.6641251,'1.6621,13°li 1.641 1 91 H B:~

. ~47161"1.543 I I I 1.576,23 H1 v 11,' 1. 540 ' 61. 541 I 6'1. 542 5 1. 543 137
1
, H.M

,! I 11.529! 511.526 4! B

1
1

" 1'1. 1

1

I I I '1.488 41 I B1. 451 1 5,1. 452 I 6,1. 452 9

1

' B
, , 1 I I 1 1.441 16

1

' H

1.428 5'1. 431 16(426 1 81' I I ! M

I I U~~ I ~~:i~~ l~:~:i~~ 11~i 1.38215[ H~
Fe radiation, Voltage 30kV, Current lOmA, Scale factor 8, Time
constant 4sec., Multiplier 1, Scanning speed 2°jmin., Chert speed
2cmjmin., Divergency 1°, Receivingslit 1°, O.4mm.
* :\1: Manjiroite,B: Bixbyite,H: Hausmannite,X: Unknown mineral

Cm~~ . 1'1-83 • ;jt,ft, 1967) Lt~ b Q) HllW,Q) 7.06A C 3.53 --':3.52A Q) lIDtIi'~iJqfHli

-t;:'iJ~, :.tt t, 1;t{lin:1illl2Sli' 7.> :b,r;t/f'~J3~A,{!ia:>r~~~~.:b 7.>0

7~ :iIf ~

'7 1) '7};l v-/~Q)Na Dff~.:b7.>~tJd1B~Q)Xt~m*lIDtIi'!~:!;t, ~tJd1B~Q)~
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faflfdii;; 17 1) 7' ~ ;! v-/'~ c ~~J:i!i (lf1ira*, 14/m, Z=1) c T ~ .: c f: J: -::>-C,

jl{l-J: <i\lI.~ft.!T~': c:bqti*~o ~ll;~;:b~:fr1JT\..,t.:~~t.t;1 1) 7' ~ ;! v- /'~-~~3~
*~W29~:Mc, ~7'l-OO<:§B*~;j'tt.:;11)7' ~ v-/'~2~*'fO)ao,co};J:~ .lj1f:il:;fIr.f

~~ Na 7;-:!if:x,J1.--C7'o')' ~T~cJgS~:b~.it;;j't~o Co I;l: Na 7;-:!if:~"b;

'ffF-3E<: <I'.> ~ :b~, ao c .lj1f:il:om.:rP!Cfi'tl;l: Na O)!l1itm c ~f:QO)1"!ilPJ:b~l;. c 3b ;;j't~

f: VC t,. <I'.> ~ -3EO)mJl.Utlol;l:*3b.it t.t "'0 .: O)l1!l!m I;l:OO£O){t~:fr1JTf,iJli-~'; b 11ft.! ;~,

fJ. J:? f:. ,:O)*,;l:~WtJ:jl,*<:O)2ft*<:I;l:tJ: <, Ba, Ca t.t cb K~U1.--C"'~t::.

~1::,[I,bi1.~o -{-.: <:JgS ~<:I;l:, K: Na: Ba: Ca &Tl:!;~.ili1.-, Ba + Ca :b~ 6

atom % J: c) *<:<1'.> ~ b 0) cd'<:<1'.> ~ b 0) c ~S:}jU1.--C7'o ')' ~ 1.- t.::b~, :fti~<:I;l: fi "

j[*!mJf*::'J~1¥:tET~O):b~b~'-::>t.:, 1.-~,1, K+ C Na+ 0)1 ::t/'~t£~<;"'-C l;. ~

1::, K+::'J; 1.33A <:<I'.>~o)f:x,J1.-, Na+ I;l: o.9sA VJ'~"'o)f:'b~"b;-r, ao c

ljl.ift.ffrr#:f1(I;l: Na O):li1Itmc~f:QT~C~?$~:b~mm~;j't~oT<:f::;&",t.: J:?

I:, JNntW&~txI!!3~0)400°C :tm~1ftJJIH: H 20 O)~~:I::b~1ilcili ~;j'tt.: :f;l;11.\H: <I'.>~

:".J ,c,;(straria~ I TomDston.Atizol\o

I
:22

o

IC'0

o
o

o

,pO

o

•• 8 0

o •
00

o

: 9

o

......~ .

o

Q. 0 ..~ .. fj 9
o 0 0 0

o

o
o

o .. 0 .. 0 CO'tl.o"· co.... ·0 0 '(1 .. o

10 20

Crypfomelone

30 40
I

50 60

ManJiroite

70 80 90 No
Atomic per cent

Fig.S. Variation of cell parameters and cell volume as a
function of Na content in . the Cryptomelane

- Manjiroite series.- Circles represent samples with
less than 6 per cent Ba plus Ca, dots represent
samples with more than 6 per cent Ba plus Ca.
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1;>, X *!W*@];JJT*!f::fH t\.., c~{I:'1;>~ t;,h1', *:tru~~:MJ: I) b lj \..,Q @]1fi~OCQ)Ji,'l

*1;>~ C. 3t:> t;,h, 1 t.:i'Il-.:rmlW: ao=9.85A, co=2.86A -e;!;-:J-C, *:tru~~:M[)-'Ch

c.~T7.> C. Co ,;l:~{t.\.., tJ:v'1;>, ao f::mQ)4Zmi1;>~ C. 3t:> t;,h7.>o ~ t;,f::, {t.,¥;P:;Q)~

I:fH::;!;t':-:J-C~~~h7.> H 20 [)J);t;71);I ~;I v-;;~46~:M-e0.44-L71 Q)F.llf::

~{t.\.." -'F-:l13 1.16 -e;!;7.>[)f::~ \.." ~1)C~B~ 12 ~:M-el;l: 1.19-1.98 [)F.llf:: ~{t.\.."

-'F-:l13 1.51 -e;!;-:J-C, H 20 f::/ilj;: c.1;;~.J3t;,;&,-e;!;7.>o -!fRf:::71);I ~ J v-;;~jl:f~

~-el;t, 1%:£ c. fi!ll; J: ? f::7.k1tTI;tmJ:jj[);!; i!" 1 -em.-( ;t;; f::7.k'fO\'" t.::fj;i~-e1nE\'" -cv
7.>t:'Q? c.Tl!W~h-Cv-7.>o .J:J&[).~;&'t;,~-c, ~1)C~B~I;l::71);I ~ J v-;;~f::.l:t\.."

J: 1J7.k'fO:fj;1m1;;~7.> \.., (, ;:hil; ao Q)fI1!Q)~*, f.!iJijjI;l:.!jl.f.!L:m.:rtjc!'Jl[)~*i!- bt.:t;, \..,
~W-~[)--:J-e;!;7.>c.~Xt;,h7.>o·

;7 1);1 r;l v-;;~~~[){t.,¥;P:;,;tBystrom.Bystrom (1950), Gruner(1943b),

Frondel·Marvin·lto (1960) t;, f:: J: -:J-C;;lt3t:> t;, h -Cv'7.>iI>, ;:h1 -eJe*~ h -cv-'5{I:.

'¥1ttJTfI1!;&' t;, ;: h t;, Q)J't i!-;;lt3t:> 7.> c., iJij 2 :'fif:: J: -:J-Cfi/fi ~ h -Cv' 7.> {I:.'¥Jtf:: l;t;!; 1 I).ft

v'-3if1;1;l:~t;,h1', Frondel.Marvin·lto Q)J'tf::~b J: <-~T7.>o \"'t.:;);-:J-C, ~1)C

~B~Q){I:.'¥;P:; b-~ (Na, K) Mn'+SOlG·nH20 (Na>K, n<2) c. \.., -CB <;)1, ;: Q)*

~[)f.!i~{I:.'¥~1iIf'9Lf::IUJ: B.fl.H!JttlQ)~:J1llil>3!Je ~ h -Cv' 7.>0
~1)CflB~I;l: KMn'+SOlG·nH20-NaMn'+S016"nH20 *~~Q)?~, Na>K Q)'E~~

No

MonJiroife

; (NaMneOlsnH20J

•
"""

0 0
o

o

o o.
o

Cryptomelone

( KMneOI6'nHzO)

•
Hollcndite

(BoMneOlsnHzO)....
K Atomic per cent 6:

Fig. 9. Variation of the Na : K : Ba ratio of the. minerals in the
Cryptorrielane-Manjir5ite-Hollandite series. (Small circles
and dots represent samples with a very small quantity of
impurities) .
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0)1t11D,::;j :.. -Cf.>:t ~ ht.:::b>, :. h 1 "e Na f:::!li: t, {ji;(j t, (/)I;t Na : K=76.5 : 23.5 a

iftt/Nlfj'ij!,;ilI0 t, 0)"eJ) ~:b>, :'h J: fJ:t(0)~~7H "eO)F,flO) t, o)l;t*J'£J~"e J) ~o U'
L A,q&ijt;'P, Hi:{ji;f::-rhfi, :. O)!I1BflllO) t, O)O)J'£JH;.:riW. ~ h ~o

':0*0)W;!l?JJf::I;t, K,Na O)ft!H:: Ba i:'.9:1:O) Ca. :b;A..0-Cv,~o It.::;O>0-C, :'0)

~!;t J: l) ~W~::,;t NaMnHs016,nH20-KMnHsOI6,nH20-BaMno+SOI6,nH20 37t7\';

;I: t:l;t NaMnH6016,nH20-Kl\InHsOI6 ' nH20-BaMnH s0 16 ' nH20 - Cal\InH s0 16 '

nH.O 47t*i:l-CllXm;!}'bh~,,:e-t,0)"eJ)~o 1,'1, :'hl"e~t,h-Cv'~{r.~7:i

tifWJ:a- Na-K-Ba 37t7\';f::7'0/, 1--r~i::m9tN:b;;tt,h~o :'0)37t7\';f::/Jll,-r~W;!I?JJ

O)f.l:tiZ7:i-~Lt4-~O)F,,'~"eJ)~:b;,:.' "el;t~flItNO)<P'L.-J:l)4'rJ2H::~lH.Url, :'0)

~W 3:"8:7:i-*", cL. -c, ~~llEW;, 7 1) 7' r.n.. - /W;, *:7 / F~ c -r:Q:' c H!°tl-r ~o

9. ~ tt-.J

:'5~!ll!;/Nf~jgilI J: I), 7 1) 7' t .I V - /~ll'ff::/Jll,-r ~5ifJ~!I?JJ~~llE~iJ;J'£~ ~ ht.:: o 11,

lfiU:!;il1I;t::~* c ~;t t, h ~ 7- -V - t C"twlllEJ(~ O)~jM!lmf::Jlli.IJ{J-r ~Ji~7 / 71' / ~W

"CJ:,0-C, ~txllE~,;t 71) 7' t .I v- /~ , Je{ 0 ll--A~ , 1fl~~:E . J'-*A~13 J:
(}i~ CfftJv', ~WO)If€{r.1iH::&-r~o 'l;fi~!I?JJ~t7z11E~H~tlL., -:> :e-'O)~~ a- ;tt.::o

(I) ~rK!lE~,;t:!li:* IOx8x5cm WOCO):l7V.c l-C&l, ii'tji'jilHI.7.ill:~, ~~,;ttJ<,
~"fj9(f:~JJv'll!rHitm13"eJ)~o Vickers li9!OC1;t Hv ({ilj][ IOOg) =181 (mean), .l-t][I;t

4.29 (mean) "e J) ~o lJtM:JI;r"e~~13 a-¥.l, ~:n't1:1U!l;ji"eJ) ~:b>, lJtM:ff-13't1:I;t

W"o

(2) {~?J:tFffi1l J: I) lJ. '" lJv't.::{r.~:ttl;t (Nau.73' Ko.2" CaD.D3, BaD.DI)D.D. (MnH7.06'

~In2+0.30' Alo.D., Feo.oo, MgD,03),..60I6.00· I.64H,O C tJ.l), J1l!iW.;W.~:ttI;t (Na, K)

~lno+SOI6·nH20 (Na>K, n<2) i:41:e-? ~o -rtJ.b"', 7 1) 7' 1-.1 v-/ ~ll'f~!I?JJ

O)-~:tt ARsOI6 • nH,O c J: <-~L., :. 0) Na UPF c ~v' -j :Qo

(3) *~I;tJE:n.re*f::/Jll,l, 71) 7' t.l v-/~c~J:l!l"eJ)~oX ~".t*@:jJf~~

O)t'f:!*, *~O)~T1i5'j'(I;t aD=9.916A, co=2.864A, cO/aD=O.289 iJ;;t t, ht:o
(4) ff;~w..7:i-:tFfI!lJ~I;t 530°C f:: <P 'L.' a-~-r ~ rjJ }XI,' 1JIk.~ ~ - 7, 905°C 13 J: lJ

980 cc f::<p,C'a- t, -:>~~tJ.I!1k.~1:::·-7 a-~l, I!lJ~0)%~1;t 7 ') 7 t .I v- /~O)..'fh

i:~w.L.-Cv'~o

(5) tm!ll!H:: J: ~ffi¥£{r.I;t, 400°C "el;t¥£{r.iJ;lJ. t, htJ. v':b;, 600°C till w..!I?JJ"eI;t 1:::' 7

A 1::'~f::ffi~-r ~ 2, 3 O)@m~:b;If:I~ l, 700°C, 800°C U\lr.ocO)J:~H:: f'ftJ.-:>-C 1:::' 7

A ~~.:b;.!jf.~L. -C <~o 800°C tIllw..!fW"el;ttJ.13~ldE~O)@m~iJ;lJ.t, tl..:Q o 920°C "e

1;t~t7zf$~0)@:jJf~1;t7'G~f::m~ l, 3=. c VC 1:::' 7 A ~~ll) tJ.~:b;, '.9:1:0)1\ ':I A 7/

Ma-~t, 1,020cC "e';t~7A1:::'W;0)@:jJf~';tm~1, J\':IA7/~0)@:jJf~:b;3=.ctJ.

~o U,'L., 920°C J;.(J:O)1rOw..!I?JJ"eI;t 7.06A c 3.53-3.52A O)@:jJf~:b>ili~l, :'h

Mi'Jf:: J: ~ t. i.);!}, 1;t~:tEO)c:' ,;')VtJE l ;UJ.v'o

.(6)*n·13J: ~;7f-OO&0)71) 7' 1-.1 v-/.~ll'f~!l?JJO){t.~7:i-:tFffi1lJ: f) Na: K: Ba

Q)miT.l-tHt~L., ~flItNf::70 ":; t l.t.::M'~, Na-K F,flf::l;tit~B':JtJ.1l[~~1*, -rtJ.

.h~, 'Yffij.~» KMnH SOlG ·nH20 i: Nal\fuHsOI6·nH20 0) F,flf:: it~B':JtJ. ~mJ:l!l*:b;
J1Z:lr.T:6::i:;I);bn~-:>t'::o..'f:'"e, :.0)27t*0)-j"', ~~7:i- NaMn8o+0lG'nH~O f::
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