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

B ¥ # 3 (Matsuo Nambu)**
# B B % (Katsutoshi Tanida)**

Abstract: Manjiroite, a new manganese dioxide mineral, occurs in
the oxidation zone of rhodonite-tephroite-rhodochrosite bedded ore deposits
of Kohare Mine, Iwate Prefecture, Japan, runming along the boundaries
between chert and schalstein of Permian age. It is associated with
pyrolusite, nsutite, birmessite, cryptomelane and goethite. Manjirgite
is dense compact masses up to 10 x 8 x 5cm., with marked conchoidal fracture.
Colour dark brownish-gray, luster dull, streak brownish-black. No
cleavage, sp. gr. 4.29, Vickers hardness 181 av. Under the microscope
opaque, distinctly anisotropic with weak pleochroism.

Analysis gives MnO, 85.79, MnO 3.17, CuO 0.03, CoO none, ZnO 0.03,
MgO 0.18, CaO 0.22, Na,0 2.99, K,O 1.39, BaO 0.16, Al,O, 0.62, Fe,O,
0.40, TiO, none, SiO, 0.12, H,0~ 0.68, H,0* 3.92, sum 99.71%. This cor-
responds to  (Nayg.z3 Ko.o2 Cao.os Bag.o)o.00 (Mtty 46 M2ty 54 Al g9 Feg.00 Mg
0.03)7.08 Og6 - 1.64H,0 or (Na, K) Mn*ty; O,4- nH,O (probably n<2).
The DTA curve shows endothermal effects at 530°, 905°, and 980°C. X-ray
study shows it to be tetragomal, a, 9.916, c, 2.864A, isostructural with
cryptomelane. There is probably an isomorphous series between crypto-
melane and majirdite. The strongest lines of the X-ray pattern 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 name is given in honour of Dr, Manjird Watanabe, mineralogist,
economic geologist and Emeritus Professor of Tohoku University, Japan.
The mineral, Manjirdite, has been approved by the Commission on New
\ImeraJ and Mineral-Name, I.M.A.
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Fig.1. Map showing distribution of Manjirdite (solid circles) and
Cryptomelane (open circles) in Northeastern Kitakami-
Mountainland,
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Fig.2. Geologic'map of Kohare mining area
I: Sandstone, 1II: Slate, III: Schalstein,
IV : Chert, V:Outcrop of ore deposit, VI :
Horizon of - blind ore deposit.
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Fig.3. Geologic map of -22m B, WIRTEFRI) - )ll#zﬁliﬂ.lz_)j
level, shaft No.2, Kohare HEEL 724 BOBUMBO AR E R

Mine, - L7
I : Schalstein, I1:Massive
chert, III: Porphyrite 5. X BExXKER

dike, IV : Manganese
dioxide deposits, M :Lo- BRI BERRE B L T57:0,

cation of Manjiroite. B0 XEMWR21T425 2 EOART
‘ WTHHDT, WREHFERDS 177

Dl HEREPERE D3-F Bl A H—7 VYT RT, RERD2EDIE(THS,
Target : Fe, Filter : Mn, Voltage : 35KVP, Current : 10mA, Scal Factor
4, Time Constant : 4sec, Multiplier :1, Scanning Speed : 1/4°/min, Chert
Speed : 1/2cm/min, Divergency : 2 1/2°, Receiving Slit : 2 1/2°, 0.lmm.
CXREE X hRD 5N 7o EIRE L R FHIFRT, BEMERAETRE
B r U cfinot, Zh bOfEs Western Australia g7 Y 7 + A L — v 8 (Faulr-
ing.Zwicker. Forgeng, 1960) OF— % L H# T3 &, 13 vEIFA—RERL, SHE
P8be 3,

T NT AL — v EORESREI: Ramsdell (1942), Richmond-Fleischer (1942),
Mathieson- Wadsley (1950) , Bystrém- Bystrom (1950), -Mukherjee (1959),
Faylring - Zwicker - Forgeng (1960) 51z k2T S, EHER, ZefiiEE 14/m
TR BIENALBLN TS, £ 1T, BREHOBTIERE EARRE L THIT 2
LB -90916A, ¢,=2.864A, o/2,—=0.289 H X HiL. IO E AV THEHHROEH

CENpfin S I Epie $ QP X CEREEEHEL TRSRMRLY, Lb
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Fig.4. Schematic diagram showing the

occurrence of Manji-gite from-22m
level, shaft No,2, Kohare Mine.
1 : Schalstein, II : Pyrolusite+Nsu-
tite 4 Birnessite, I1I : Cryptomelane
+Birnessite, IV : Manjirdite 4+ Goe-
thite, V : Massive chert,
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Fig.5. Photograph of Manjirdite hand specimen from Kohare
: © Mine. Black and white represent Manjirgite and Goe-

thite respectively,
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Table 1. Chemical analysis and calculation for
Manjirdite from Kohare Mine.

wt.s6 mol. prop. | | alem | cations on the busi

MnO, 8579 | 0.988 | Mat+| 0.9868 | 7.46

MnO b 3.8 | . 0.0448 Mnﬂl 0.0448 | .+ 0.34
Fe,0, .| 0.40 0.0025 Fed+ 1 0.0050. ‘, 0.04
ALO, 0.62 | 0.0061 | A+ ] 0.0122 °| 0.09

Cno 0.03 | 0.0004 | Cu 0.0004 | 0.00; 7%
CoO none —_ Co —_— T—

Zno 0.03 0.0004 | Zn 0.0004 0.00
MgO 0.18 | 0.0045 | Mg | 0.0045 0.03

CaO ..0.22 | . 0.0039 | Ca 0.0039 0.03

BaO . 0.16 | 0.0010 Ba 0.0010 0.01] -
Na,0 2.99 | .0.0482 | Na | 0.0964 0.73 0-9°
K,0 1.39 | o0.0M8 | K | 0.0206 0.22
H,0(+) 3.92 | 0.2175 ; .

H,0(—) | 0.68 o | 2umn | 16.00
TiO, none i 3

SiO, ’ 0.12 H,0 | ]i 1.6t
Total . ‘199.71 . ; l =

U7 WB B NB, E 72 290°C 12l B b oW TEREAL — 7 &, 675°C izl
YEOBCRBC— 7 DB bN B, HIEORI, LEC—7OEECETOLESALN
3400, 7Y7 AL—YEHOERLELPTN S,
b, EREE
MEMEERRETRIGR L, TR EY, (1) SE~325°C, (2) 325°~575°C, (3)
575°~700°C, (4) 700°~890°C, (5) 890°~925°C 3‘7 J,;U (6) 925°~.1,020°C (6
BROWEDSH EDBND,
U7}XV~/%§%%@~HKHO%%LW,HWCuiTm&énomﬁmm
I IO TIRBEDEEN WV ENB 2 LA CRE DR, HORHEC T O —EHERIR S

DRI EnE, BAKNABEDLOTHB I ENLLRTVS, Lal; HO »5%4e

CEELTL 5 ZEOERE R MnO, OHEZ(EHERT 3720, BERREYL T

W, %9 500°C : & T3 (Gruner, 1948b; Bystrom- Bystrém, 1950), 7 Y 7 b

Al— SR SHERRC S AEPUBOBE b, BUOEBEEZEEI LN D, EK

ﬂﬂﬂ®mﬁﬁﬁﬁﬁmkéb5n%6&%ﬁﬁ§u;O?Qlinﬁﬁéhlio

(1) BE~325°C: HEFu 1.6% TH>T, H,0(—) iU H,O (+) o—#D

Qfﬁwk;%éwran,m%ﬁﬁf@ﬁruzwwzmﬁww%z 7&LT§@§RT
RO .

(") 325°~ 575°C : ZOMOEER 5.5% THOT i\%?’i&f}ﬁﬂﬁ%@ 530°C izrh
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Table 2. Chemical analyses of four Manjroites
from Tachikawa and Kawai Mines,
Iwate Prefecture.

Tachikawa | Kawai- 1 | Kawai- 2 l Kawai- 3

MnO, 84.79 83.60 85.01 | 81.98
MnO 2.92 5.30 2.55 3.40
Cu0 0.02 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,0 2.27 1.92 2.17 2.25
H,O (+) 2.91 3.40 3.57 3.96
H,0(-) 2.12 0.89 0.52 3.29
Fe,0, 0.89 0.92 0.28 '0.65
ALO, 0.96 0.25 2.76 2.66
TiO, 0.00 0.01 0.00 0.00
Si0, 0.24 0.17 0.34 . 0.22
Total 9974 | 9964 | 99.89 | 0.7
Na ; 546 | 592 | 547 | 55.9
K L 432 | 39.5 % 42.4 } 44.1
Ba | z2z . 13 | 29 | 0.0

DEETBMLGREY —~ 7T 5, Zhid HO (+) OBADKEE, MaO,—~
Mn,O, OHEZECHEL S BHBETCERTZ D EEILN, BROMBEELDE
BRERICL B &, 400°C mBHITi2 Mn,0; MOBBNLE SR IE 2b, Sa{E
§ 400°C 3 Ciz H,O(+) OEHICEB ZEDMHLNTHSB, v, SHLY 500°C
ICOREEABLE 43% THOT, (LEHTEDL H0 4.60% Oy 9 #hiz #X4L,
500°C 3 Tiz H,0 OREDSBI IR Z L 2RL T3,

(3) 575°~T700°C 3 X U8 (4) 700°~890°C: (3) BXUf (4) O RWEIZELEN
28% B LU 1L49% TH5, HROMBMHEZELOHER L VAT, ZOMOEER Mn,0;
BRI L BBBERNC S LT, 2B, 500°~890°C DAWEIR 7.0% THY, ¥
SATTEE SN MoO, & MnO #3542 Mn,Oy iz 307z 40 & LT 3 Hffiz
7.55% Th%5, I . ,

(5) 890°~925°C : # Bz 0.5% LA THBH, REBIMTEIRD 905°C DRRE
Y— 712457 5,
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Table 3. X-ray powder data for Manjirdite from Kohare Mine.

Monjirdite, Kohare, Cryptomelane, 1
hkl Iwate Prefecture, Japan ‘Western, Australia
|dobs. (&) | /I | Qobs. | Qate. | dearc,(A)| d(A) 1/,
110 7.017 | 98 | .0203 .0203 7.012 6.94 s
200 4.941 | 77 | .0410 .0407 4.958 4.92 s
220 3.493 | 31 | .0820 .0814 3.506 3.48 w
130 3.13 | 92 | .1017 .1017 3.136 3.10 s
100 .1627 2.479 2.45 w
121 | 2.406 |100 | .1728 | .1728 2.406 2.39 m
330 2.332 | 38 | .1839 .1831 2.337 2.32 vw
240 2.217 | 23 | .2035 .2034 2.218 2.20 w
301 2.160 | 69 | .2143 .2134 2.165 2.15 m
321 i .2541 1.984 1.97 vw
150 - } .2644 1.945 1.92 w
141 } 1.839 | 46 | .2087 .2048 1.842 1.83 m
40| 5 “ .3254 1.753 1.73 vw
350 | ! .3458 1.701 1.69 vw
600 | ‘ 3661 | 1.653 1.64 m
501 !} 1.642 | 31 ‘} 3708 | 3761 1.630 1.61 vw
260 | | .4068 1.568
251 | 1.548 | 46 { 4173 .4168 1.549 1.54 m
002 1 1.431 38 | .4883 .4875 1.432 1.43 Il w

1) Faulring, Zwicker & Forgeng (1960)

(6) 925°~1,020°C : ZDRITHE 2.7% DEZWEPRL, FkR, 980°C ORF|Y—7
CRETS. () b (6) OFHizEE LT Mn0,>Mn,0, OREHERHEET 5,
BB, AEEESHE L DIIEL 72 M,0,>Mn,0, OREIL 249% T3,

c.  EEZE/L

7YT b A V— v D MBHEILIZ OV Tk, Cole-Wadsley-Walkley (1947), Me-
Murdie-Golovato (1948), M (1960), Faulring.Zwicker.Forgeng (1960), E3&5

R - JeE (1967) HOTELHY, EEAY A< EREBTE BAL, U7RY
EEANTAY RV REEBT AR LB HS I LML LR TS,

E&Eﬁﬁil:om‘t, 400°, 600°, 700°, 800°, 920°, 1020°C 1z A mEws X &
EFCRET L AT 2B L 72 MBRIHILREEST & R, FiE® 10°C/min ¢35
By D X SERETRLHE S RICRL T, ,

L 400°C gl Tit, X RWREFHRCEMIT LA LR ED BT, FIBERHLY

C ULAEFREOHANS ED LG, TORBORTFIERE FHTEE, 2,-985A,

CCp=2.86A kY, KCHMRLRIBREOTNLEBT L, ¢ 1326 LAWY,
A CETOREYBA LD LND, BETOSMBRREHRL VREL I E 229% T
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Table 4. Comparison of some properties of Manjirdite and Cryptomelanes

i f
1) Richmond & Fleischer (1942)
2) Bystrom & Bystrdm (1950)
3) Mukherjee (1959)
4) Faulring, Zwicker & Forgeng (1960)

!Manjir()ite * Cryptomelane
Kohare Tombstone, 1’ | Sugar 1,2} | Chikhli, ?’| Western®)
! mine, Arizona, Stick, India | Australia
i Iwate i U.S.A. Arkansas, }
| Pref., U.S.A. l
| Japan |
Crystal system ?Tetragonal Tetragonal
ag (A) ' 9.918 9.82 _ 9.822 | 9.82
co (A) I 2.864 2.83 —_ 2.858 | 2.86
Co/3g 0.289 0.288 N 0.201 | 0.291
Cell volume (A3) | 2816 272.9 275.5 | 275.7 | 275.8
Habit Dence Massive Fine —_— I Acicular
compact cleavable grained !
mass mass |
Colour Brownish | Steel gray to | Steel gray —— { Black
dark black .
| gray
(obs.) 4.29 4.33 4.41 4.4
SP-qr- (calc.) 4.23 4.49 4,53 _— 4.37
Hardness Hv(100g) 181 3-4 6-5.5 i —_ —
(wt. 96) ! ! i : e
. ; . Small |
Na,0 O 0.44 | 0.56  amaunt | 0.33
X,0 [ 3.5 ’ 3.84 ! 2.4 ' 414
] | ;
: ' | | Small !
BaO | 0.16 { 0.13 \ tr. ' {‘ amaunt J 0.08
(atom. %) . i % i
Na e 189 181 — 11
K | 283 | 82 | 8L |, —— | 380
Ba | 0.8 | 0.9 .00 ! — & 0.5

HDT, & HO (1.60%) OFEBHHMENI-RECH B,

530°C it R F T A MEVREY — 74 TEBO 600°C izt B s D EITER
PRETEY, PREOCT X CEOEHEHIHIEL T3, 700°C, 800°C » imia s
ERTZORMR, 7R CEOEIROBOHML, FHTIREE L IEREAT 2. L
L, 800°C T ¢ 7 HEEEDEIRIIER Th 30

905°C DRAKITEBED 920°C sz EE LT ¥ 7 AE X halh, sEO Y
AT EEEL T3, BRI T 3 BT 2k L, 905°C © RERIE
TEBHSHET LI 3R T3, ZORMO U7 A CEDEFIERIE 2,-9.414 T
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Fig.6, Differential thermal analysis curve of Manjirdite from
Kohare Mine,
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Fig.7. Thermal gravimetric analysis curve of Manjiroite
{from Kohare Mine.

3)01, Gruner (1943a) O#ELZAIRY 7 X CHED 20=9. 427 \ERL TS,
. 980°C DOREFISETE EHD 1,020°C maimd © 7 % CEO FETEh 55410 1%L,
"‘717/ezo>@a‘ﬁﬁb>£ Lhd, ZONY R v I TIER 2,=5.76A, cg=9.44A

’ . CHDT, Aminoff (1926) M4 7~ Bo

713—:, 905°C LLEDOMBYNTIIEED B 7 U7} A L— VO BT O T FES
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various temperatures.

(3

X-ray powder data for Manjirdite heated at

Room o o o o o o
temp. | 400°C| 600°C | 700°C | 800 C| 920°C| 1,020°C
d A)|1,d@A) [1]d@) | T dd) [T]d@) |T]d@) |1]d @A) |1
| } | 7.06 |21] 7.06 12[
7.02 (136.97 [256.96 | 6 |6.96 126.96 12 | |
4.94 104,92 |2214.98 | 14 4.94 104,93 [134.92 |5 4.92 |29
s l4.71 | 6452 |5
; 3.84 17/3.84 [203.85 |22
! 13.53 10, 3.52 |7
3.49 | 43.48 |7 i
3.14 1213.115 [2513.15 | 13 [3.102 133.110 17}
.‘ 13.085 | 6! 3.087 137
L 2.996 | 62.996 | 62.990 | 7
| 2.874 (16
| 2.753 [18] 2.763 60
1 2.707 | 6 (2.714 [61|2.718 [86:2.716 |98
5 |2 488 12 2.486 |75
2.406 [132.399 [3112.402 | 21 [2.401 (11(2.399 |1
g 2.361 |21
2.353 |11:2.355 132,354 [15
2.331 \2.312 6 |
2.213 |
2.157 92.155 14'2.157 | 10 12.159 | 52.156 | 6
2.098 | 6
" 2.037 23
2.006 | 5b [2.005 102.001 |112.004 13,
| 1.862 | 7b |1.843 [11]1.847 [131.843 15
1.838 | 611.836 [131.831.| 5b
: ! 1.826 7|
. | 1.796 |19,
: i [1.719 [ 51.716 | 5 !
. ! : 1,708 11
1.693 15 i
i 1.663 241,664 [251.662 30
1.642 | 41.644 | 7 ! 1.641 | 9
| ; 1.576 23,
1.547 | 61.543 |11 1.540 ! 61.541 | 611.542 | 5 1.543 37
| | |1.529 | 5[1.526 | 4
| i . 11.488 | 4
: | 1.451 | 51.452 1 61.452 | 9
L, g | ‘ 1.441 |16
1.428 1 51.431 [ 61.426 | 8 |
j | 1.417 | 911.419 [131.418 115, ;
| l 1.386 5/1.388 61.387 | 1.382 51

Minerals*

HB

Fe radiation, Voltage 30kV Current IOmA Scale factor 8, Time

constant 4sec., Multiplier 1, Scanning speed 2°/min., Chert speed
0.4mm.
* M: Manjirdite, B: Bixbyite, H: Hausman.mte, X: Unknown mineral

2cm/min., Divergency 1°,

Receiving slit 1°,
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Fig.8. Variation of cell parameters and cell volume as a

" . 7 function of Na content in - the Cryptomelane-

.- Manjirdite 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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7 U7 AV — rEEEMDIEERiE Bystrom-Bystrém (1950), Gruner(1943b),
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Fig,9, Variation of the Na : K : Ba ratio of the. minerals in the
Cryptomelane-Manjirdite-Hollandite series. (Small circles
and dots represent samples with a very small quantity of
impurities) * o
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