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Abstract : Roquesite grains of the Akenobe mine were analyzed by EPMA. The
chemical composition of the roquesite does not show wide range, but changes
slightly depending on the mode of occurrence: rods and lamellae of roquesite in
sphalerite contain Zn in the range from 2.23 to 3.30 wt% ; roquesite grains at the
boundary between sphalerite and chalcopyrite contain Zn (0.00-3.36 wt%) and Fe
(0.00-1.62 wt%) ; roquesites as inclusion in Cu-sulfides (bornite, chalcopyrite, etc.)
contain Fe (0.29-0.84 wt%). The incorporation of Zn and Fe in roquesite seems to
be governed by the following substitution: Cu® + In** = Zn* + Fe?*. The narrow
range of chemical composition and the textural evidences imply that this mineral

species exsolves from host minerals.

Introduction

Roquesite, CulnS,;, has been described by
mineralogists (Picot and Pierrot, 1963 ; Kato
and Shinohara, 1965 ; Sutherland and Boorman,
1969 ; Burke and Kieft, 1980 ; Cantinolle et al.,
1985 ; Seetharam, 1986 ; Ohta, 1989). This
mineral rarely occurs in deposits where cassite-
rite and Cu-sulfides (especially bornite) coexist.
The Akenobe mine is an example of tin-
polymetallic veins where the authors found
roquesite from the Ginsei and Ryusei veins.
Recently syntheses of indium-bearing sulfide
system became important (Moh, personal
communication) in the development of electron-
ics, and the data on roquesite are necessary
still now for this field. Thus the chemical
composition of the mineral will be deposited
here although Kato and Shinohara (1965)
already reported the occurrence of roquesite
from the Eisei vein of Akenobe.
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Akenobe mine

The Akenobe mine is a representative tin—
polymetallic deposit in Japan. The ore deposit,
embedded in the Maizuru structural belt,
consists more than 130 veins within the area of
4 X4km. The veins show crustification and
contain some of the following bands : Pb-Zn,
Cu-Zn, Cu-Sn and Sn-W bands. In tensional
fractures, the zonal structure of some of these
bands is clearly observed, and also cross-cut-
ting relations of veins are often recognized.
Due to these facts, structural stages of miner-
alization, stages I to III, can be established.
The stage I ore is, characterized by galena and
sphalerite, i.e. Pb-Zn band. Stage II carries
Cu-Zn band and chloritization. Stage III con-
tains Cu-Zn", Cu-Sn and Sn-W (cassiterite and

L Stage II Cu-Zn band cuts stage III Cu-Zn
band.
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Fig. 1 Microphotographs of roquesite of the Ginsel vein, Akenobe. Rg, roquesite; Bi,
bismuth minerals ; Bo, bornite; Cp, chalcopyrite ; Gn, galena ; Sn, stannite ; Tn,

tennantite-tetrahedrite series. Numbers of solid circles correspond to those after
GS in Table 1.
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wolframite) bands® accompanied with silicifi-
cation, sideritization and dickitization.

The Ginsei vein holds Pb-Zn band on upper
levels and Cu-Sn band in the deeper portion.
According to Sato and Akiyama (1980), the
vein contained 2.93% Cu, 6.52% 7Zn and 0.63%
Sn. The present authors surveyed No.43 stope,
-9 L.% where stage III mineralization is well
developed (Fig. 16 in Murao and Andoh, 1989)
and examined the samples.

The Ryusei vein is of Pb-Zn, Cu-Zn, Cu-Sn
and Sn-W bands and carried 3.55% Cu, 1.04%
Zn and 2.31% Sn in average. The authors
studied some stopes on —10 L. where stage III
mineralization of Cu-Sn character is distin-
ctive.

Mode of occurrence

In the samples from the Ginsei vein, well-

polished tabular crystals of roquesite were
found together with bornite and chalcopyrite
(Fig. 1) and/or tennantite-tetrahedrite series.
The grains are light gray in color and exhibit
very weak anisotropism. In the specimen of
Ryusei, there are two modes of occurrence : (1)
rods and lamellae (ca. 10-20X5 micron) in
sphalerite (Fig. 2) ; (2) islands of larger size
compared to rods and lamellae (50 X 50 micron)
in chalcopyrite (Fig.3). The type (1) grains
are randomely distributed in sphalerite and
coexist with rods of chalcopyrite of nearly the
same size. In the roquesite-hosting sphalerite,
dusts of chalcopyrite which make the sphalerite
mostly opaque are observed. The area of roque-
site and rod-like chalcopyrite and that of
dusty chalcopyrite are clealy separate. This
texture implies the formational mechanism of
the ore (Murao and Furuno, in preparation).

Fig. 2 Microphotograph of lamellae of roquesite in sphalerite. Ryusei vein, Akenobe.
Mt, magnetite. Numbers correspond to those after RS in Table 1.

? Cu-Sn band grades into Sn-W band.
® 0L.: 380m above sea level; level interval:
30m.
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Fig. 3 Microphotograph of lamellae of roquesite (upper side of the picture) in sphalerite
and tabular roquesite at the boundary between sphalerite and chalcopyrite.
Numbers of solid circles correspond to those of Table 1. Numbers of solid

squares, to Table 2.

Chemical composition

The chemical compositions of the three
varieties, tabular roquesite with Cu-sulfides,
tabular roquesite with chalcopyrite and sphale-
rite, and rods and lamellae of roquesite in

— 4

sphalerite, were examined by EPMA. The
analytical conditions are as follows : analyzer,
TN 5400 of Tracor Northern ; accelation vol-
tage, 20 kV ; probe current, 1.0 x 10 A ; take-
off angle, 40°; beam diameter, less than 0.1
micron ; counting time, 10s. The standards
are native CuFeS,, synthetic ZnS, FeS, Ag,S,
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Table 1 Chemical composition of roquesite, Akenobe, Hyogo, Japan.

Sample No. Cu In Fe Zn S Total ﬁ?iggﬁ;ed

RS-02 wt% 25.02 45.43 0.21 2.24 25.89 98.79  Sp
atom 1.92 2.00 0.06 0.07 3.95 8

RS-04 wt% 24.74 45.50 0.14 2.80 25.45 98.62 Sp
atom 1.91 1.93 0.05 0.21 3.90 8

RS-05 wt% 25.00 46.10 0.19 2.85 26.03 100.18 Sp
atom 1.89 1.93 0.04 0.14 4.00 8

RS-06 wt% 25.08 46.68 0.64 0.92 25.74 99.06 Cp, Sp, Gn, Bi
atom 1.93 1.92 0.06 0.12 3.97 8 .

RS-08 wt% 24.20 45.79 0.57 2.81 26.18 99.55 Sp
atom 1.84 1.94 0.00 0.17 4.05 8

RS-10 wt% 25.63 45,50 0.40 1.93 25.80 99.27 Cp, Sp
atom 1.95 1.92 0.03 0.25 3.85 8 _

RS-12 wtd% 26.02 45.94 0.71 1.56 26.22 100.45 Cp, Sp
atom 1.96 1.95 0.03 0.17 3.81 8

RS-16 wt% 26. 04 45.67 0.00 2.32 25.60 99.63 Sp, Cp
atom 1.99 1.95 0.04 0.23 3.79 8

RS-17 wt% 25.15 45.54 0.37 3.36 25.78 100.20 Sp, Cp
atom 1.90 1.94 0.02 0.25 3.89 8

RS-18 wt% 25.20 46.15 0.32 2.23 25.91 99.81 Sp
atom 1.92 1.94 0.09 0.00 4.05 8

RS-20 wtd% 25.00 46.18 0.43 3.08 25.65 100.34 Sp
atom 1.90 1.95 0.09 0.00 4,06 8

RS-21 wt% 23.88 45.45 0.20 3.30 25.94 98.77 Sp
atom 1.83 1.92 0.02 0.14 4.09 8

RS-22 wt% 25.05 45.81 0.29 2,59 25.77 99.51 Sp
atom 1.91 1.94 0.02 0.19 3.94 8 .

RS-23 wt% 25.25 46.39 0.24 2.28 26.09 100,24 Sp
atom 1.91 1.95 0.02 0.17 3.95 8

RS-24 wtd% 24.29 45.35 0.24 2.90 26.07 98.85 Sp
atom 1.85 1.93 0.02 0.22 3.98 8

RS-26 wtd% 26.23 45.91 0.46 0.00 26.54 99.13 Cp, Sp
atom 1.99 1.94 0.04 0.00 4.03 8 ,

RS-27 wt% 25.77 45.99 0.43 0.31 26.17 98.67 Cp, Sp
atom .1.97 1.96 0.04 0.02 4.01 8 .

RS-28 wt% 25.62 46.10 1.10 0.71 26.32 99.85 Cp, Sp
atom 1.94 1.94 0.09 0.05 3.98 8

RS-29 wt% 26.45 46,26 1.62 0.40 25.91 100.64 Cp, Sp
atom 1.99 1.94 0.14 0.03 3.90 8

RS-30 wt% 26.37 46.64 0.38 0.68 26.26 100.33 Cp, Sp
atom 1.99 1.96 0.03 0.05 3.97 8

RS-31 wtd% 26.23 46.04 0.74 0.36 25.58 98.96 Cp, Sp
atom 2.01 1.97 0.06 0.03 3.93 8

RS-32 wt% 26. 27 46.02 0.65 0.40 25.90 99.23 Cp, Sp, Gn
atom . 2.00 1.96 0.06 0.03 3.95 8

RS-35 wt% 26.30 46.54 0.88 0.00 25.86 99.59 Cp, Sp
atom 2.00 1.97 0.08 0.00 3.95 8

RS-38 wt% 26.28 46.22 1.00 0.36 25.58 99.44 Cp, Sp
atom 2.01 1.97 0.09 0.03 3.90 8

RS-0 wi% 25. 69 45.96 1.06 0.00 26.42 99.13 Cp
atom 1.95 1.94 0.02 0.17 3.82 8

RS-T1 wtd% 25.68 45.94 1.06 0.00 26.26 98.95 Sp, Cp

' atom 1.96 1.95 0.01 0.21 3.89 8
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Table 1 Continued

Sample No. © Cu In Fe Zn S Total ﬁsiigﬁfiged

RS-73 Wt 26.21 46.07 0.24 1.91 26.55 100.97  Sp, Cp
atom 1.96 1.94 0.02 0.21 3.87 8

RS-T75 wt% - 24.95 45.32 0.39 2.34 26.03 9.02  Sp, Cp
atom 1.90 1.92 0.03 0.18 3.97 8

RS-77 Wi 25.09 46.21 1.11 0.26 26.09 98.76  Sp, Cp
atom = 1.9 1.97 0.10 0.02 3.99 8

RS-79 Wi 25.90 45.79 1.30 0.00 26.30 99.28  Sp, Cp, Bi
atom 1.96 1.93 0.11 0.00 4.00 8

RS-80 wit% 26.12 46.18 1.31 0.00 26.40 100.01  Sp, Cp, Bi
atom 1.97 1.94 0.11 0.00 3.98 8

as-12 W% 26.19 46.56 0.41 0.80 26.21 100.16  Sp, Cp, Gn, Bi
atom 1.98 1.96 0.04 0.06 3.96 8

GS-13 Wt 25.64 46.61 0.20 0.56 25.66 98.67  Sp, Cp, Gn, Bi
atom 1.98 2.00 0.18 0.04 3.80 8

Gs-15 Wt 27.52 45.95 0.29 0.00 25.26 9.02  Bo, Bi
atom 2.12 1.97 0.03 0.00 3.88 8

Gs-16 W% 28.39 45.44 0.68 0.00 25.46 99.97  Bo, Bi
atom 2.16 1.92 0.06 0.00 3.86 8

Gs-18 wi% 26.92 47.24 0.84 0.00 26.15 101.16  Bo
atom 2.02 1.98 0.07 0.00 3.93 8

Gs-19 wi% 27.41 46.76 0.67 0.00 25.91 100.75  Bo
atom 2.07 1.96 0.06 0.00 3.91 8

GS-20 wi% 26.96 46.66 0.81 0.00 25.86 100.29  Bo
atom 2.04 1.97 0.07 0.00 3.92 8

GS-27 wi% 26.79 46.96 0.00 0.88 26.30 100.94  Sp, Cp, Gn, Bi
atom 2.01 1.96 0.00 0.07 3.96 8

GS-28 wi% 25.62 46.11 0.37 0.51 25.88 98.49  Sp, Cp, Gn, Bi
atom 1.97 1.97 0.03 0.04 3.99 8

GS-35 wt% 26.53 46.33 0.58 0.00 26.22 99.67  Ten, Cp
atom 2.01 1.96 0.05 0.00 3.98 8

GS-40 wt% 26,47 46.58 0.43 0.00 26.25 99.74  Ten, Cp
atom 2.01 1.96 0.04 0.00 3.99 8

GS-41 Wt 26.81 45.19 0.56 0.00 26.10 98.66  Ten, Cp
atom 2.05 1.92 0.05 0.00 3.98 8

GS-41° wi% 26.77 46.43 0.76 0.00 26.34 100.30  Cp, Ten
atom 2.02 1.95 0.07 0.00 3.96 8

GS-43 wt% 26.58 46.90 0.44 0.40 26.09 100.41  Ten, Cp
atom 2.01 1.97 0.04 0.03 3.95 8

GS-59 W% 26.78 45.69 0.67 0.00 26.20 99.3¢  Bo, Cp
atom 2.03 1.93 0.06 0.00 3.98 8

GS-60 Wt 26.60 45.86 0.37 0.00 25.72 98.55  Bo, Cp
atom 2.04 1.96 0.03 0.00 3.97 8

GS-65 wt% 25.82 46.48 0.31 0.32 26.35 99.28  Sp, Cp, Gn, Bi

© atom 1.97 1.97 0.03 0.02 4.01 8

AugyAgg, InAs, BiySes, PbTe, CdS, NiS, metal-
lic Sb, Sn and Mn. The data were on-line ZAF
corrected.

The results are shown on Tables 1, 2 and Figs
4 and 5. The chemical compositions of roque-

site show slight change from CulnS, depending
on the mode of occurrence : roquesites which
occur as lamellae of sphalerite contain Zn (up
to 3.30 wt%) ; roquesites on the chalcopyrite
and sphalerite boundary contain Zn (up to
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Table 2 Chemical composition of sphalerite which coexists with roquesite.

Sample No. Zn Fe Cu Cd In S Total As. Min.
RS-13 wt. % 61.19 1.30 2.50 0.49 1.48 33.54 100.50 Cp. Rg
at. % 45.50 1.12 1.88 0.21 0.62 50.65
RS-14 wt. % 60,74 1.46 1.81 1.00 2.07 33.07 100.17 Cp, Rq
at. % 45,51 1.28 1.40 0.44 0.88 50.50
RS-15 wt. % 62.33 1.11 1.41 0.70 1.30 33.15 100.01 Cp, Rq, Bi
at. % 46.68 0.96 1.08 0.30 0.55 50.43
RS-42 wt. % 59.92 0.84 2.22 1.09 2.83 32.62 99.51 Cp, Rq
at. % 45.52 0.74 1.71 0.48 1.22 50.34 :
RS-45 wt. % 55.76 1.22 4.31 0.30 5.04 31.75 98.38 Rq, Cp
at. % 43.20 1.10 3.39 0.13 2.21 49.97
RS-46 wt. % 57.49 1.06 2.80 0.74 4.79 32.04 98.93 Rq, Cp
at. % 44,29 0.95 2.19 0.33 2.09 50.15
RS-51 wt. % 62.69 1.03 0.93 1.00 0.57 32.86 99.09 Cp, Rq
at. % 47.32 0.90 0.71 0.44 0.24 50.38
RS-59 wt. % 64.59 0.99 1.05 0.49 0.00 32.43 99. 54 Cp
at. % 48.58 0.87 0.80 0.21 0.00 49.54
RS-60 wt. % 58.81 0.70 2.92 0.00 4.32 32.36 99.12 Cp, Mt, Rq
at. % 44.97 0.63 2.27 0.00 1.87 50.26

B  Rqlamellae in Sp

® "Ihbular‘ Rg with Sp and Cp

< Rgin Be

O Rqin Tn

@ Rqg of Burke & Kieft (1980)

A Rg of Kato & Shinchara (1968)

O in-mineral of Cantinolie et al.

{1986)

Sp Ky ) \ Cp

Fig. 4 Data plot in terms of roquesite, sphalerite and chalcopyrite mols.
3.36 wt%) and Fe (up to 1.62 wt%) ; roquesites
in bornite and/or tennantite-tetrahedrite series Concluding remarks
show the narrowest range of the composition.
The host sphalerite of roquesite lamellae con- The chemical compositions of ‘roquesite at
tains little amount of indium and copper. Akenobe change slightly with the mode of

occurrence. When the data are plotted on the
At% (cu + 1y V8. At% we + 7o) dlagram, the regres-
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Table 3 Texture of roquesite—containing ore at Akenobe and other localities.

Locality

Mode of Occurrence

Mineral Assemblage

Reference

Akenobe, Japan

Akenobe, Japan
Akenobe, Japan
Akenobe, Japan

Akenobe, Japan
Akenobe, Japan

Toyoha, Japan

Charrier, France

Les Clochettes,
France

La Telhaie,
France

Vaulry, France

Langban, Sweden
Gésborn, Sweden
Tosham, India

Mount Pleasant,
Canada

Lamellae in Sp, when lamellae
intersect, their width is thined at the
intersection.

Tabular crystals at the boundary
between Sp and Cp.

Tabular crystal at the boundary
between Cp and Bo.

Tabular crystal in Bo near the
boundary between Cp and Bo.
Inclusion in Tn.

Lamellae exhibiting graphic texture
with Sp.

Bands or grains intergrown with Ks
and In-mineral.

Occur near the boundary between Sp
and Cp (Fig. 3E, Ohta, 1989)
Inclusion in Bo.

Inclusion in Bo.
Rarely accompanies Cp.
Inclusion in Gn

Inclusion in Bo.

Small roundish grains (max. 30 »
in Bo and Cc.

Always associated with Cu-In—
bearing Sp.

As mixture of Fe-poor Sp, Cp and
Rq replacing In-Sp.

Tabular crystal of ca. 16 # in dia-
meter at the boundary between Cp,
Sp and Sn.

Subhedral to rounded grains up to
10 # in size occuring mainly on Cp
and Sp grain boundaries, or smaller]
grains in Cp with calcite and fluorite.

Sp-Cp-Rq-Bi minerals
-Mgt-Fe-Chl

ditto
Cp-Bo-Rq
Bo-Rgq-Sn-Cp

Tn-Rq-Cas-rutile
Cp-Rq-Sp-Wt-Mgt-Cas etc.

Rg-In mineral-Sk-Ks-Cp-
Sp

Bo-Cp-Rq-Cu-Wt-Fe-Chl
ete.
Bo-Cp-Rq-Wt-Ak-Po-Sp-~
Gn-Mw-Cas etc.
Sp-Gn-Rq-Py-Cp etc.

Bo-Cp-Rq-Wt-Mw-Std-

Tn-Ks etc.
Bo-Cc-Rq-Gn-Sp-Bi

Fe-poor Sp-Cp-Rq

Cd and In—free Sp-Cp-Rq-
Sn-Bm-Py-Cas etc

Sp-Cp-Rq

this study

ditto
ditto
ditto

ditto

Kato and Shinohara
(1968)

Ohta (1989)

Picot et Pierrot
(1963)
Picot (1973)

Cantinolle et al.
(1985)
ditto

Burke and Kieft
(1980)

Kieft and Damman
(1990)
Seetharam (1986)

Sutherland and
Boorman (1969)

Ak, aikinite; Bm, bismuthinite; Cas, cassiterite; Cc, chalcocite; Chl, chlorite; Cp, chalcopyrite; Ks, kesterite;
Mgt, magnetite; Mw, mawsonite; Po, pyrrhotite; Rq, roquesite; Sk, sakuraiite; Sn, stannite; Sp, sphalerite;

Std, stannoidite.

sion line can be expressed as (Cu+In) =-0.9
(Fe + Zn) +50.3 (Fig.5). Although the data
are too partial to discuss the substitution
between CulnS, and CuFeS, or ZnS, the slope of
the regression lihe is close to-1, and this means
that the incorporation of Fe and Zn in roque-
site from Akenobe may be governed by the fol-
lowing substitution : Cu®+ In* =Fe® + Zn*.
The fact that the correlation coefficient be-
tween Fe and In contents is small (0.03) also

indicates that the iron is not trivalent but
divalent. = This result is in harmony with
Ohta’s (1989) work. The authors have been
studying the indium minerals to clarify their
formational mechanism. The narrow range of
the chemical compositions and the texture of
roquesite (Table 3), together with the chemical
composition of coexsisting sphalerite imply
that roquesite exsolves from a Cu-Zn-Fe-In-S
phase. The detailed analyses and the observa-
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: e,

ey
o

Cu + In (at%)

A
(9]

Zn + Fe (at%)

Fig. 5 Correlation of (Cu+In) with (Zn+
Fe) in roquesites from the Akenobe
tin-polymetallic  deposit, Japan.
Symbols, see Fig. 4.

tion are desirable to solve the problem.

Aknowledgements : The authors are indebted
to Prof. A. Soeda, Tokushima Bunri University,
Dr. M. Watanabe, Hiroshima University, and
Prof. T. Mariko, Waseda University and Dr.
N. Fujii, MTA (Turkey), for their discussion.
The Akenobe Mining Corporation supported S.
M. to survey the mining area.

Reference

Burke, E. A. J. and Kieft, C. (1980) Roquesite
and Cu-In-bearing sphalerite from
Langban, Bergslagen, Sweden. Can.
Mineral., vol. 18, p. 361-363.

Cantinolle, P., Laforet, C., Maurel, C., Picot,
P. and Grangeon, J. (1985) Contribu-
tion a la minéralogie de 1’indium :
découver en France de deux nouveaux
sulfures d’indium et de deux nouvelles
occurrences de roquesite. Bull. Min-

éral., vol. 108, p. 245-248.

Kato, A. and Shinohara, K. (1968) The occur-
rence of roquesite from the Akenobe
mine, Hyogo prefecture, Japan. Min-
eral. J., vol. 5, p. 276-284.

Kieft, K. and Damman, A. H. (1990) Indium- -

bearing chalcopyrite and sphalerite
from the Gasborn area, West Bergsla-
gen, central Sweden. Mineral. Mag.,
vol. 54, p. 109-112.

Murao, S and Andoh, A. (1989) Rare metal
resoureces 3 : indium. Chishitsu News,
no. 417, p. 29-45 (in Japanese).

—and Furuno, M. (1990) Indium-bear-

ing ore from the Goka mine, Naegi
district, Southwestern Japan. Mining
Geol., vol. 40, p. 35-42.

Ohta, E. (1989) Occurrence and chemistry of
indium-containing minerals from the
Toyoha mine, Hokkaido, Japan. Min-
ing Geol., vol. 39, p. 355-372.

“Picot, P. (1973) Un nouvel indice de roquésite

CulnS;: Les Clochettes, Col du Lau-
taret (Hautes-Alpes). Bull. Soc. fr.
Mineral. Cristallogr., vol. 96, p. 319-
320.

—and Pierrot, R. (1963) La roquésite,

premier minéral d'indium, CulnS,.
Bull. Soc. fr. Mineral. Cristallogr.,
vol. 86, p. 7-14.

Sato, N. and Akiyama, Y. (1980) Structural
control of the Akenobe tin-polymetal-
lic deposits, Southwest Japan. Mining
Geol. Spec. Issue, no. 8, p. 175-188.

Seetharam, R. (1986) Argentiferous roquesite
(CulnS;) from the Tosham tin pros-
pect, Bhiwani district, Haryana. J.

- Geol. Soc. India, vol. 28, p. 21-28.

Sutherland, J. K. and Boorman, R. S. (1969)
A new occurrence of roquesite at
Mount Pleasant, New Brunswick. Am.
Mineral., vol. 54, p. 1202-1203.




Bulletin of the Geological Survey of Japan. Vol. 42, No. 1

BREESLINE D 734 b DOILFEHEK

HE & 5HER

E §
oY 4~ OEREERIAO—EhE T 5 DRI LESLR © EPMA SMF&{T-%. a¥ ¥4 b
i (1) BAEESASRh D 5 2 5, (2) POHESASE & BSRSL DRI I HE T 2 IIREE S, (3) FERSLTS LSRR L
Yhc G S 2 RRERO 3 B OERERT W EFHRZERCIE L ThFhicE#H T 5. T18b
B () I3DED Zn %, (2)13 Fe, Zn %, @) IDED Fe #F->TW3. Fe & Zn i3 Cu*+In* =
Fe* +In* 5B 2 h=XsTury4 vt CEh 3 EEL 005, SAMEPILEMREL > A
S EAER S S OBHAIC X > THERT 2 L BB N BB ZOHHIC R E SR 2RFTEET 3.

(Zf: 19908 A 29 0 ; 288 : 19904 10 H 11 H)



