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Manganoan stilpnomelane (ekmanite) from the skarn of
Sampo mine, Okayama Prefecture

Hiroharu MATSUEDA and Fumitoshi HIROWATARI

Abstract

The minerals are found in the pyrometasomatic magnetite ore deposits of the

Sampo mine, Okayama Prefecture, Japan.

They occur in a quartz-calcite veinlet, cutting

a skarn consisting mainly of manganoan hedenbergite, and form foliated or spherulitic

aggregates with brownish black in color.

Their optical properties, chemical compositions and X-ray powder data indicate
that the minerals are similar to the manganoan stilpnomelane described from the Matsuo

mine by SHIROZU (1964).

Mineralogical properties of a representative specimen(S-1) are as follows; Optical
properties: a=1.602, f=r=1.672, r—a=0.070, 2V(—)=0. Pleochroism: X=brownish yel-
low, Y=Z=deep reddish brown. Chemical compositions by EPMA analysis: SiO, 45.61,
TiO, tr., AlO; 2.63, Fe,0; 18.71, FeO 13.34, MnO 8.00, CaO 0.73, MgO 0.46, Na,O
0.06, K,0 0.18, H,0 (=total 100.00—3 oxides wt. %) 9.45 wt.%. do=12.70A.

As shown in Fig. 3, however, detailed X-ray powder data of the specimens from

the Sampo and Obira mines are distinct from those from other localities, such as the
Matsuo mine, Kawaguchi, etc. The dgo, value of the former is about 12.8 A, which is larger
than that of the latter (12.1A). The specimens with large dg; value have lower Al;O,
and MgO contents than those with small dg; value. Furthermore, heating behaviours and

D.T.A. curves are also described on the two groups.
These data suggest that two distinct series exist in stilpnomelane.
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OFM2E 2N TG, Ry, Ko stil-
pnomelane~manganoan stilpnomelane & (3#E-F oD
HERD B EBDT>TEI. AFETE, LT
IEGELEE OB DTG T 528, HEDI0RE
SEghil, JIIOEOREHC W TETRE T 522 & 5T
10T, bbETHET S
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Bam e EO I UBEAKERER, L CHEEEEN
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Table 1. Chemical compositions, optical properties and doy
Sample No. S-1 * S-2 * S-3 * O-1 *
"SI0, (wt. %) 45.61 44.00 45.86 44,92
TiO, tr. tr. tr. tr.
ALO, 2.63 3.78 2.57 3.01
Fe, 03 18.71 17.31 38.80 28.41
FeO 13.34 12,51 9.61
MnO 8.00 6.39 3.55 2.62
Ca0 0.73 0.62 0.35 1.21
MgO 0. 46 0.54 0.52 0.61
Na,O 0.06 0.22 0.12 0.01
K,0 0.18 0.59 0.14 0.54
H,0wp (9.45) (14.04) (8.09) (9. 06)
H,00
Total (100. 00) (100. 00) (100. 00) (100. 00)
TeOo R (mol. %) 62.6% 88.9% B or- 1
Optical properties
« 1.602 1.607 1.605 1.619
B=7 1.672 1.692 1.708 1.712
- 0. 070 0. 085 0.103 0. 093
2V 0° 0° small 0°
Pleochroism
X brownish yellow | golden yellow pale brownish golden yellow
yellow
Y=2Z deep reddish deep reddish dark brown deep greenish
brown brown brown
dooy A ** 12.70 12.76 12.78 12.84

* Chemical analyses by EPMA (JXA-5A type, accelerating potential,

0.015 #A on pure Fe; correction, by BENCE, & ALBEE method (1968)).

**  determined from the average of 3dgs+4dpee. S-1~S-3: manganoan stilpnomelane from the

15 kV; beam current,
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mORE, EFR~EAFREZUTERT S, &1 T
X, ZPEOANABLUVEREOEG - BEEHS.

#H# S-2: EHAE 1449 LRSEIAH gD
“ToFHT ABvF 2YBM 3 ODETVERE
—FHEARPICE Sh, #E3~5mOIREREHL LT
BEHT 3. Ei—IPik, “TyFHY ApavrrhicE
JKERGE & & bicgiguiRicEER 5 2. 2l6E, Bk
RU, THY D hedenbergite |z—HZEE L, hisin-
gerite {LL T 5.

2E 8-3: HFREZEEIOL TR 7 v #" 2%
W EAREBRRRAER SN, Zho et M2

*: 3 & LT manganoan hedenbergite (FeSiO,
41.7, CaSiO; 49.1, MnSiO; 8.6, MgSiO,
0.6 mol. %) » 57 5.

MOAFE—JTHARAIC, B, BRIRCEHRT 3.
W CIBABUSRERAZTED S su s, ETFTIREHR
~EHEROBEIRE A Z 2L, S-1, S-2icthx
TRESERERT.

YU bokomy» 5 RENZ S OREY, Z0OHE
L EMSEEE % Fig. 1 IKRT.

m XZENNEE

ET T S-18XUS-213—fkic, BX0.5~2
miEE OEHRE 2L, EEEHESTETHE. —H,
S-3 oikhIEHR %LU, % oWk (LIMES ) I,
BIRERRRY. EHEBLEMIRLLNT, BE
FE (b#?) iEHE (010) B CHEZ2ET 50
PEEINS.

values of manganoan stilpnomelanes and stilpnomelanes.

KW * MT E2 ST
46. 24 43. 45 40. 30 42. 42-48. 03
tr. 0.01 — -0.23
6.05 5.18 5.08 5.27- 7.59
20. 26 9.34 3.60 4,.12-33.24
7.49 21.63 25.54 0. 85-22. 88
5.07 6. 68 7.13 0.05- 3.08
0.52 0. 00 — 0.23- 4.28
5.95 2.30 7.64 2.12- 7.79
0.00 0.11 — - 1.58
0.21 1.13 — 0.09- 2.06
(8.21) 7.39 10.74 6.12- 8.33
2.78 —
(100. 00) (100. 00) 100. 03
16.3% 54.9% 60 %
1.579 1.585 (1.576) 1.543-1.634
1.638 1.651 (1.584) 1.576-1.745
0. 059 0. 066 0.030-0.110
0° — ~0°
pale yellow golden yellow (pale yellowish golden yellow ~
green) pale yellow
dark brown deep reddish (black) deep reddish
brown brown
12. 20 12. 05 (12.1) 12.14

Sampo mine. O-1: stilpnomelane from the Obira mine. KW: manganoan stilpnomelane from
Matsuo mine (SHIROzU, 1964). E2: ekmanite from Grythytte (DANaA, 1892). ST: stilpnomelane
after Rock Forming Minerals (DEER, et al., 1962).
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—RIiIciE, MESAET, ZEEIZEHETH 2
(X=golden yellow~pale brownish yellow, Y=
Z=dark brown~deep reddish brown). BT,
a=1.602~1.607, B=71=1.672~1.708, 7 —a=
0.070~0.103 T, 2V(—)=07THh 5.

BRI ONEEMEE % Table 1 OFHICRY. 7
BHE D20, BFEOXE»SELNIZT -2 20
J5.

. f& 2 # ®

iR EEdho stilpnomelane 13 $h d A&
T, AHTERE LT OMNREETH 20T, EPMA
PROWTILES R 21T/ 512, o3, HEEOIZoIE
SESLILE* (0-1) B @EBR/IIOE KW) D

0.1'mm

Fig. 1

stilpnomelane § B> TORER & Ulc. Dstt
1%, Table 1. O Ffic/RT &Y TH5. EPMAD
STk, Fer*, Fei* ORFIBTEINDT, 2
ARl TR EE 2R c& 2 8 D (51, S-2, O-
1, KW) izon T, FeO S 2iTk -7, ¥
75> H#9400~500mg DEE 2 £ZEL L, 1/20N KMnO,
mEETRY, EPMA 1tk % 2ZFe »53E L3R,
FeO, Fe,03 D2k z¥*, HyO lco\WTik, H

* RSELZESUDAH NV HRICERT S 3 DT,
WHBHKBEATE» LHNZLOTH 5.
ok EEEOFED O T, =EIZEAHRICER

gg.%ﬂk¥%ﬁﬁiﬁﬁmeﬁmt%®v

*#*% KORITNIG, S. & SCHNEIDER, A. (1972) 3}
[k icEPMA % vy, stilpnomelaned 4347 %
TRV, FHEEZEB T, Fett/Febt 3
FHCERE LT 5.

S-3

Lcm

0.05mm

Specimens and photomicrographs (open nicol) of manganoan

stilpnomelane from the Sampo mine.

MS: manganoan stilpnomelane.

Cc: calcite. Qz: quartz.

MH: manganoan hedenbergite. Cs: cassiterite. F: fluorite.
S: sulfide minerals (galena and sphalerite).
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BEEENTE LD T, Total % 100.00 wt. % & U,
e  HO Dfis Uiz, ZOER% Table 1 iT/R
U, Fe;0:/Fe,0;4+FeO (mol. %) OE%HFECLT2.
vis, HEOIzw, YAESLLEE manganoan stilpno-
melane, Grythytte i ekmanite 35k (EEFESR O stil-
pnomelane (DEER, e¢f al., 1962) @ 43kEER% bt
FCL7z. Table 1 545 & 5ic, IWEHLILE G-1,
$-2, $-3) ix, MnO O&FRWREHEEH5. Tib
H MnO #33.55%>5 8.00 wt. % T §52&T
HB. £72(S-1) 1%, PABFLILED manganoan stil-
pnomelane LIZITELIT 5. T2 b IRIMLED
HEL (8-1), $-2) BXIAE KW) i, bl
F%E9ITiE, manganoan stilpnomelane &FRY 3 C &
piCx 5. Table 1 OILEAESEMS, Si=8.00,
OH=4.00 & U THEX2HETLIE-EDELBY T
»H3.
S-1: (Nao.ozKo.o4cao.m)(A10.54Fegf;2Fe%f<mMn1.mMgo.14)
Sig.00022.4¢(OH) 1.00-nH,0
S-2: (Nag.0sKo.14Ca0,15){ Alo.s: Fed s, Feh,Mno,05Mgo.15)
Sig.00032.08 (OH) 1,00+ nH;0

Al1203+MgO0
/ \

S-3: (Nap,04K.05Ca0.06)(Alo.ssFed o F el eMng,5sMgo.14)
Sig.000325.10 (OH) 4,00 nH,0

0O-1:(Nay.00Ko.13Ca0.23) (Alo.63Fe§f§4Fe%ﬁsMno.asMgo.le)
Sig,00025.10 (OH) 4,00+ 0nH,0

KW: (Nao.ooKo.05C30.10)(Alx.23Fe§fé4FeffbsMno.mMgl.as)
Si5.00025.28 (OH) 1,00+ nH,0

B B, Si ¢ (Al+Fet* + Fer* + Mn+Mg) Hi%
BHLTHBE, VWhW % stilpnomelane (HUTTON,
1938, Zofth), MEFILE MT), JIIAEXW) ©

LM, K98:7.20~9.44 THBDICHL, WKL
EE(S-1~8-3), BYgilE (0-1) o d i, 8:6.24
~6.48L ET/NSSERET 5.

%1z (AlO;+MgO) — (Fe,05+FeO) —MnO % .
ZHEXAT ST LI, SEOBE L EROINED LB
&h iz stilpnomelane, ekmanite, WX NTDRIT
R DB parsettensite D{LEMKEZ 7w v b LTz
% OfEE % Fig. 2 1Ry, Fig. 2 »o05k51T,
S-1~8-3, O-1 B 'H 2D ekmanite (NAGY,

1954) 1%, stilpnomelane-ekmanite-parsettensitea

Al203+MgO

...... aym-=@== "

sy

50

FeO+Fe:0s  MnO

FeO+Fe203 >0

MnO

mole °b

Triangular diagram of (Al,0;4+MgO) — (Fe,03+Fe0) —MnO plotting chemical
compositions of stilpnomelanes and manganoan stilpnomelanes (ekmanite).
S-1~8-3: Sampo mine. O-1: Obira mine. KW: Kawaguchi, Shikoku.
MT: Matsuo mine (SHIROZU, 1964). E1~ES5: Grythytte, Sweden (DANA,
1892).  P: parsettensite (JACOB, J., 1923). The others: quoted from
BLAKE, R.L. (1965), CAroN, J.M. (1970), DEER, W. A., ef al. (1962), GRU-
NER, J. W. (1937), HutTon, C. O. (1938), KORITNIG, S. and SCHNEIDER,
A. (1972), KRAUTNER, H.G. and MEDEgSAN, A. (1969), LazARENKO, E.K.
(1954), MATTHEWS, D. W. and ScooN, J. H. (1964), Mozcova, N.N. (1957),
PAYNE, G.H. (1967) and Yui, S. (1962).



46 FASERIR « [REESCR

Table 2. X-ray powder diffraction data
of manganoan stilpnomelane
from the Sampo (S-1, S-2)
and Matsuo (MT) mines.
S-1 S-2 M-1#*
hkl

d I d I d I

001 |12.68 | 10 |12.77 | 10 |12.1 |10
002 6.34 | 1.8 |6.37 | 2.0]6.00]0.5
4.46| 0.7 |4.46 | 0.4(4.7310.5
4.3510.25
003 4.23 ) 2.9 425 | 2.9 |4.02 |4
3.55| 3.1|38.57| 3.3|359| 2B
3.43 ] 1.1 |3.47| 0.4
3.35| 0.8
004 3.177) 5 3.190| 5 3.01| 3
3.020 2 3.025 0.8

2,966 2 2.815) 0.4
2.778, 0.5 2.772 0.4
2.7100 0.7 | 2.714] 0.4 ] 2.71 | 4
2.670) 0.7 | 2.669 0.5 | 2.56 | 6
2.630] 0.5
2.576| 1.4 12.576] 0.9|2.44| 1
005 2.546| 1.7 | 2.548 1.3
2.416| 0.7 | 2.418) 0.5 | 2.35 | 4

2.374 0.5
2.352] 0.7 | 2.355 0.5
2.306] 0.5
2.196| 0.4 2.20| 1
2.185 0.5}2.151 0.3|2.11| 2
2.133 0.3
006 2.097, 0.7
1.970, 0.5
1.892) 1
1.689 1
060 1.595 4
1.578 3
1.543 1
1.513 1
1.414) 2
1.376] 1
1.355 1
1.330] 0.5
dont* 12.70 12.76 12.05
* determined from the average of 3dys; and

#%  After SHIrRozU, H. (1964).

Conditions of measurement: Fe Kea, 30 kV, 10
mA; 1/4 deg. /min. ; Ch. s p., 5 mm/min.; T.C.,
8 sec.; slit, 2-0.2-2mm (D-R-S).

DHDITHL, low (Al,O;+MgO)FEFIC vy b X
N3 FRDTERPSIPELPL LS, ThH5OHE
BhdvWTh § #EED stilpnomelane iz L, AlLOs,
MgO ORRAYS & $ iz B E (AlO3=2.57~3.78
Wt. %, MgO=0.46~0.61Wt. %) % $>C &3 4>
A.

V. X#EHREHF

XEEMRERT 7 - 213, BABTHEEHERZH
TR, FEEXRIBELERL (silicon) 2EA L. %
ORBRO—E (S-1, S-2) B XU ARSLILIE manga-
noan stilpnomelane ¥ —% (HK, 1964) % Ta-
ble2jz/RY. %7z, Fig. 31, HBEO20iEE S-3,
O-1, KW & & %l EGGLETON (1972) D57 —4% %
Shb¥TERRLUEZ. H»r535k5Kk, S-1, S-2
S-3, O-1 oE#F#IE, EGGLETON(1972), KW (JII
), MT (MRBSAILE) oZhickl, BHTEARE
i~ 7 M2, EERAOMENE L N X<
HELUTRY, B0 layer sequence 2iEX 3.
U Ushi s, FEICE 2HEBILTH D &, &<IT
LA~2A HET, D RE REICBANT, B
BRBO SN 50T, MEMICEEIZ, HENZEE
PEET ARESEZELONS.

X 5z GRUNER (1937, 1944) %3 U», HEDT
-2 LD RRAIAER, Zh 6 LM, S,
S-2, S-3 VIV EYEDCLDLIZALY, RO
stilpnomelane & EPIDRHZRU TN B, Fiz, IR
BV EENS, Akl H 2 BT AARSLLEE S
X 0% O fi(GRUNER, 1937, EGGLETON, 1972, etc.)
DHESED stilpnomelane 1ZHR T, door BTSN TE
FR&ER b2, T T T doos {8 Bdoos+4dons/2) &
MgO+AlLOs(wt. %) & DR ZRY, Fig. 4 TR
¥. MgO-+ALOsZHEDRVILIE - ESEWFLILER
BHE, don=12.8+0.1A THBEDIHULT, HBH
B MgO+ALO; EF&%2RTRESILEL X %
DUOFENE, don=12.1;:0.1A 2hxaEREL,
TWEIZELPICEARFICL > T XFITE 2 228
S5, iz, MgO, ALO; DEFRIICHONWT, ZhF
NITIT dooy 1B & DEARZR D IZAER 8121T Fig. 4
LARRSTERPE SN 5.

s¥, S-1, S-2 OERNT-oWWT ethylene glycol
M ETTe, ETROERRET Uicss, Rk e
DEERD g -1z,



L B L s gk [l R %7 v Manganoan stilpnomelane (ekmanite) o 1 f# 47

2015 10 5 4 3 2 d (A
| P 1 | I (
Sampo S-1 001 002 003
1 | 1. | I ol e
S-2
1 | 1. ‘ 1l
S-3
L l L 1 1 11
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Shirozu(1955) . . l e .

Kawaguchi KW
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Shirozu(1964) [ Lo \ . .
Eggleton(1972) |00 003 oo4 ! 006
002 ! |
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0 10 20 30 40 50 60 70 deg.
20 (Fe Ka)

Fig. 3  X-ray powder diffraction patterns for stilpnomelane
and manganoan stilpnomelane (Fe Kea radiation).
stilpnomelane: Obira (SHIROZU, 1955), EGGLETON (1972).
manganoan stilpnomelane: S-1~S-3 (Sampo), Matsuo MT
(SHIROZU, 1964), Kawaguchi KW.

doot
A
130F ..
e0e 1284
9.3
125
1204
------------------- o
~ 12 3 KW oo .
Mg 8e e % o 7 %
120+ Nyl 5 f__lf_ e
1 I 1 i
0 5 10 15 20

Mg0+Al203 (wt.%)

Fig. 4 Relation between dy; values and (MgO
+Al,O;) contents in stilpnomelane.

1: Obira mine (SHIROZU, H.,1955). 2: GRU-
NER, J. W. (1944). 3: HutToNn, C.O. (1938).
4, 5: GRUNER, J. W. (1937). 6: CARON, J.M.
(1970). 7~9: KRAUTNER, H.G. and MEDE-
SAN, A. (1969). 10~12: BLAKE, R. L. (1965).
13~15: HurToN, C.0O. (1956). 16: FRONDEL,
C. and Ite, J. (1965).

VI i # £ B

Stilpnomelane ¥ X ¢ manganoan stilpnomelane
IO T ONNEEEE I, GRUNER (1937), HUTTON
(1938), NAGY (1954), BLAKE (1965), KRAUTNER
& MEDESAN (1969) and EGGLETON (1972) &ic &
YA S, KR - BiAKBIRICET 2 Bk b A5
EnBoh T A, AT U= » BEEHKILEB X
ONAEDER 2 M Ui ER 21772 -7z,

A. Bt & FHRAMNmIR

InEGERIc B o ElE, S-1, S-2, S-3, O-l,
KW o 5 BT, REREHI350°C, 4188 (BEF
o ELREEKT) CBILOEBE2ER, Zh 50
BT, HRYELWBEYEO doy BEOEE S,
OV (IRA) OME 21770 572, 72 BEMLEYNE
Wh$,1/20 N KMnO, ORI &Y, T2t
FrzbohizC & %»REE LTz, Table 3122 ORE» 77
.

IEROERNIN TS, doy EDERSED S,
XHERET OBE» 513, BEaRHEY-20r 7
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b EETORELOEIBBDOLNIDOHTHS. X
5 IE RN ORECid, T ORI ¢ 2 — ik, B
iz k 7 3600cm~! FEOWIN © — 2 OZ{LAT 6

N5EPIE, BTFORINE -~ OMBEOY 7 M b3

DRTHEE 2 BB 5hian (Fig. 5). 2hb
DFERP 5, do EDHING X XM REFTHROE
FoZEdE, F& LT FeO->Fe0; 2541 (F31h) 1T X
33 DLEZLN, FITIEYLERTICED Shiz $-1
~8-3, O0-1 ¢ KW BoXiEHEE0EREZ, sk
WEBESERE UTEREL, MECEETIEELL
NBEBEOEEIZ, B Fet/Fedt thot&ick 5
BTN ENLTB.

B. REHRD

REFMEBE LT S-11220WT, REHDIHT 21T
ot ZORER% Fig. 6 iWRs. KDz,
ekmanite ¥ X 7" stilpnomelane 5 — % (NAGY,

1954) %775, Fig. 6 iR oh % X 51, @HO stil-
pnomelane Ti&, 330°C 33k 78 430°C AL TH LW
REBRE I HHMICBEI X h 5738, ekmanite T $ 320
‘CE 3T0°CHETHROREARSE A BN 5. —7H,
S-1 ¢ manganoan stilpnomelane Ti&, 13& ALY
BEE L HEIRD Shan. $1, T70°C fETo
FEWE, WThicdBOLN 3.

VI. #

PR IR O 25 v kY, manganoan
stilpnomelane #EFEY % RO L, Z DIERHE,
(LERRAR, XBREEE B X SnEeEsR s & 2 il - 71z
R, BERbIARSBLNIOTINGR2EEDT
GE LT 5.

(1) KoL “7orH” vy EEUTER
fRD hedenbergite 5755 R p ) BY B HTE—

il

Table 3. Changes of dy; value after heating at 350°C.
Fezo3 * R d [A]
Sample Fe.0,4 FeO dun [A] Heated at 350°C
S-1 62.6 12.70 12.85
S-2 38.9 12.76 12.80
S-3 — 12.78 12,84
0-1 57.1 12.84 12.89
KW 54.9 12. 20 12.22
MT 16.3 12.05 —
EG ** — 12.19 12.35

* mol. % of untreated materials.
*#  EGGLETON, R.A. (1972)

i /T

iiLve V\\\¢\V

s L1 ,ﬂ“\\ N&
_gs\c'c /_/ /\\\J /

4000 3000 2000 1600 1200 400

800
WAVE NUMBER CM™!
Fig. 5 Infrared absorptions of stilpnomelane
(0-1) and manganoan stilpnomelane
(8-1) on untreated and heated speci-
mens.
U.T.: untreated.
350°C: heated at 350°C, 48 hours in air.
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Fig. 6 Differential thermal analysis (DTA)
patterns of manganoan stilpnomelane
(8-1), ekmanite and stilpnomelane.
The curves of ekmanite and stilpno-
melane were quoted from the paper
by Nagy, B. (1954).
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