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ON SOME SULPHOSALT MINERALS
(TETRAHEDRITE AND TENNANTITE) FROM
NORTHERN JAPAN.

By

Zyunpéi HARADA and Masaharu KITAHAMA

Contribution from the Department of Geology and Mineralogy,
Faculty of Science, Hokkaido University. No. 441

During the course of studies on irregularities of crystals, the present
writers collected a series of copper sulphosalt minerals.

The purpose of this paper is to present the results of ecrystallo-
graphic, chemiecal and X-ray examinations on the specimens of tetra-
hedrite and tennantite—copper sulphosalt mineral.

1. Localities and modes of occurrences

a. Tetrahedrite.

Tetrahedrite is wide-spread in its occurrence and varied in its as-
sociation. It is commonly found in copper deposits as a primary con-
stituent in association with chalcopyrite, sphalerite, galena, ete. It
frequently becomes an important ore mineral of a peculiar metasomatic
copper deposit—"Kuromono”—in northern Japan.

The following are locations of tetrahedrite, which were collected
by the writers in that distriet:

i Kamikita mine, Kamikita County, Aomori Prefecture.
Tetrahedrite is found in cracks of massive pyrite which occurs in
“Kuromono’ deposit.

ii  Mutu mine, Moura, Fast-Tugaru County, Aomori Prefecture.
Tetrahedrite crystals are discovered in sericite clay which de-
velops around gold quartz vein.

il Daté mine, Usu County, Iburi Province, Hokkaido.

It occurs in quartz copper pyrite impregnation deposit with
some tellurium minerals.
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iv. Bokoi, Muroran City, Iburi Province, Hokkaido.

Tetrahedrite crystals are found in small veins in plopyhte with
zineblende and galena.

v Suehiro (formerly Kutosan) mine, near Kuttyan, Abuta County,

Iburi Province, Hokkaido.
Massive or granular tetrahedrites occur in gold quartz veinlets
with gold, pyrite and arsenopyrite.

vi Teiné mine, Sapporo County, Isikari Province, Hokkaido.
Tetrahedrite is found in gold quartz vein with native tellurium
and barite. It usually forms minutely granular masses, rarely
in erystals.

b. Tennantite.

Tennatite has the same occurrences as tetrahedrite, but is less
widely distributed. Only one locality (Osarizawa mine) has been re-
ported, here we add a new locality of tennantite in northern Japan.

1 Osarizawa mine, Kazuno County, Akita Prefecture.
Tennantite occurs in granular aggregate or in fine erystals in
copper veins.

ii Zenikamezawa mine, Kameda County, Osima Province, Hokkaido.
Tennantite crystals are associated with chalcopyrite, zinchlende
and galena in veins.

2. Crystal forms

a, Tetrahedrite

i Tetrahedrite from the Mutu mine, Moura, Fast-Tugaru County,
Aomori Prefecture.

T. Ito and K. Saxurar (1) have described tetrahedrite crystals
from the Mutu mine as follows:; Tetrahedron with only o (111)
is the most common crystal, but sometimes n (211) and » (332)
are observed, rarely associated with d (110) and a (100). Tri-
achistetrahedron chiefly with » (211) is commonly found, often
associated with o (111) and » (332). And rarely a (433) appears,
replacing o (111). Striations are observed on n (211), d (110) and
r (332). Vieinal faces dominantly develop on o (111). Crystals
are 3-12mm in size. Sometimes it occurs in crystal aggregate
or penetrating each other.
On crystals obtained in the course of the present work the fol-
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lowing forms were found: o (111), n (211), » (332), d (110), «
(100).

ii Tetrahedrite from the Suehiro mine, Iburi Province, Hokkaido.

It is massive or granular, crystals are rare. Observed crystal
forms are: o (111), d (110), » (211).

iii Tetrahedrite from the Teiné mine, Isikari Province, Hokkaido.
Tetrahedrite is mainly fine granular aggragate, rarely single or
orouped crystal. Sometimes it occurs in twin (penetration twin).
Crystal forms: o (111), = (211), @ (100), o, (111), d (110).

b. Tennantite.

i Tennantite from the Osarizawa mine, Kazuno County, Akita Pre-
fecture.
The crystal forms of tennantite from the Osarizawa mine have
been studied by M. Hosina (2). The faces observed on crystals
are o (L11), o, (111), & (110), a (100) and =n (211).
Following two types of combinations are distinguished (3):
Tetrahedron type, dominantly o (111) develops.
Rhombic dodecahedron type, chiefly d (110) predominates.
iii Tennantite from the Zenikamezawa mine, Osima Province, Hokkaido.
Crystals are of the following three principal habits:
a) Simple Triachistetrahedron n (211). (Fig- 1)
b) Triachistetrahedron n (211) with d (110). (Fig. 2)
¢) Triachistetrahedron n (211) with d (110) and o (11D.
(Fig. 3)
Observed crystal forms are as follows: n (211), d (110), o (111).
Rarely large crystals (3-5cem in diameters) were found.

Fig. 1. Fig. 2. Fig. 3.
Tennantite crystals from the Zenikamezawa mine, Hokkaido.
3. Chemical Composition
a. Tetrahedrite,

Materials for analyses obtained consisted of broken fragments of
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crystalg.  But specimens from the two mines named in the table still
possessed zineblende and quartz as admixtures.

The results of analyses are given in the following table I.

Tavre I Chemieal Composition of tetrahedrite.

No. 1 | 2 i 3 4
Locality Mutu mine Daté mine i_ Muroran : Teiné mine
Analyst M KI’MH:\MA} Ci‘}ﬁgﬁ?ﬁigm M. Krmmm.»«j C?ﬁﬁglﬁgiggm M. I{I’I‘AII;\I\IAi M. Krranmasa
S 27.54% 28.70% 247224 22.26%% 30.1225 25.412
As 5.32 5.5d 0.49 1.44 33 4.82
5b 20.18 21.00 8.5 25.23 12,15 2217
Cu 38.82 40.46 12.19 35.92 38.69 41.57
Fe 4.12 4.29 5.14 15.156 5.24 1.99
Zn tr. —_ 356.01 — 2.50 2.bb
Ag tr. — — — 0.70 0.27
Bi — _ e _ —_ 0.56
Pb tr. — — —_ 1.30 —
Si0. 3.1 - 13.41 — 0.83 —
Total j 99.46 ! 10000 | 9921 | 10000 9986 | 99.%

The obtained two results (I and 2) with admixtures deduced and
the remainder were recalculated to 100 per cent.

The analyses have been reduced to Cu(Fe), Sb(As) and S atom
ratio, which are given in table IIL.

Tanrwe II Atom ratio of tetrahedrite.

No. 1 2 | 3 ; 4

Locality Mutu mine Daté mine Muroran | Teiné mine
R 1
*‘ |

Cu {Fe) 714—2.68—3 694-—2.50—3 707T—3.35—3 | 706—2.82—3

Sb (As) 247—0.03—1 226-—0.81—1 211—1.00—1 | 250—1.00—1
|

S §95—38.36—3 836—3.00—3 606—2.87—3 } 780—3.12—3

Tetrahedrite has some of the Cu replaced by Fe and the same
relation also is observed in respect to Sb and As. The atom ratios
agree closely with that required for the formula: {Cu(Fe)}Sh(As)S,.
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b. Tennantite,

The materials used for analyses were tennantite crystals from one
locality in Hokkaido.

The results of chemical analyses of the tennantite are listed in
table III.

An analysis of tennantite from the Osarizawa mine which was taken
in 1908 (2) is presented for comparison. Those values are given under
column 2.

Tapre III  Chemical Composition of tennantite.

No. i 1 : 9
:_i1407(3£\111}7__‘x Zenikamezawa mine ~ Osarizawa mine
Analyst ‘ M. Krramasa % Me‘fal&;g};gglvala;ggfgtory '

S 31.612 28.80%
As 14.75 18.07
Sh 5.11 —
Cu 49,57 46.60
Fe 5.51 4.54
Zn fr. 0.37
Ag tr. —
Bi tr. —
Mn — 0.35
Pb 0.17 —
AlOy — ‘ tr.
Si0e — 0.43
Total 99.66 | 99.16

The atom ratios caleculated from these analyses are given below:

Tapre IV  Atom ratios of Tennantite.

i
No. 1 i 2
Locality Zenikamezawa mine ! Osarizawa mine
i
— 1
Cu (Fe) | 768~ B, 67——3 l 806——3.00——3
As {Sh) 988—1.00 —1 941 ——0.90——1
S 985~ 3.42——3 i 876—3.27—3
i
I
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The ratios of the two analyses clogely agree with the formula:
{Cua(Fe)}, As(Sh)S..

4, X-ray studies

Tetrahedrite and tennantite belong to gray copper ore. There ig
a complete series from the Sb to the As compound: also Bi, Ag, 7n
and Pb may be present.

Since the atomic radius of As differs slightly from that of Sb, it
would be expected that the tetrahedrite structure would differ from
that of tennantite by replacement of some portion of the Shb atoms
with As atoms.

On the assumption that a study of the structure of those two
minerals by X-ray methods might contribute some evidence as to the
variation of the lattice constant, X-ray diffraction photographs were
taken of two specimens each of tetrahedrite and of tennantite.

Powder diffraction patterns were made with Cu radiation, using
a cassette of 30.28 mm radius. The lattice constant ¢, of these minerals
was caleulated in Angstrom Units. (<1075 cm).

The patterns given by the two minerals proved to be similar, but
there is slight difference in the value of the lattice constants.

The measured lattice constants on these minerals are ag follows:

Tetrahedrite, Mutu mine. a, = 10.35+0.05 A
» Teiné mine. 10.38--0.05
Tenantite, Osarizawa mine. 10.21-0.06
” Zenikamezawa mine. 10.244-0.06

The measured value of @, for tennantite is shorter than that of
tetrahedrite. A variation of the lattice constant in the series iz ob-
served.

The lattice constants of tetrahedrite and tennantite have already
been determined by J. Paracois (5), De Jona (6) and F. Macuarsenxi (7).

Their results were:

a, = 10.839 A J. PAn.AcoIS
10.190~10.555 A Di Joxa
10.189~10.379 A I, MACIATSCIED

A comparison of the measured lattice constants by the authors
with those determined by the various other investigations shows simi-
larity in the values.

. Macuarscirr (7) worked out the lattice constants of tetrahedrite
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and tennantite and pointed out that the lattice constant of tetrahedrite
increases with increase of Zn, Fe, Ag, and Bi, while it decreases with
increase of As. Also it seems that increasing lattice constant of tetra-
hedrite may be correlated with the value of As:Sb ratio, which ig
caleulated from the chemical composition.

The valus of As:Sb ratio for both minerals whose lattice constants
were determined by various authors, was calculated from their chemical
analyses. The relation between the lattice constant and the As:Sb
ratio are shown in the following table:

Tapre V

Locality ]‘ As : Sb ; ao
Redeuth, Cornwall {7) o0 | 10.189 A
Osavizawa mine, Akita Pref. Japan o0 10.21
Zenikamerawa mine, Hokkaido, Japaa .88 10.24
Kaulsdovf, Oberfranken (7) (8) 0.678 10.265
Mutu miae, Aomori Pref. Japan 0.95 10.35
Teiné mine, Hokkaido, Japan 0.20 10.38
Schlangenberg, Altai (7) (9) 0.179 10.296
Lake City, Colorado (7) (10) ) 0.124 10.303
Botés, Siebenbiirgen (7) (11) 0.104 10.323
Wermland (7) (12) 0 10.400

A study of this table at once reveals that inereasing value of the
As:Sb ratio brings about a decrease in the lattice constant a,.

Summary

Tetrahedrite is a wide-spread mineral species in northern Japan.
The atom ratios caleulated from these chemical analyses closely agree
with the formula of tetrahedrite and tennantite —RIRM™S,, where R! is
principally Cu (Fe or Zn) and R™ may be Sb and As.

The measured lattice constants of both minerals from four localities
in northern Japan are as follows:

Tetrahedrite, Mutu mine, Aomori Pref. a, = 10.85-+0.056 A
” Teiné mine, Hokkaido. 10.384-0.05
Tennantite, Osarizawa mine, Akita Pref. 10.21+0.06

» Zenikamezawa mine, Hokkaido. 16.244-0.06
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They agree well with the values obtained by various other inves-
tigations.

Data obtained by the studies of chemical compositions and X-ray
diffraction patterns of the two minerals show a some intimate relation-
ship between the lattice constant a, and the As:Sh ratio. The lattice
constant a, of tetrahedrite increases with decrease in the value of the
As:8b ratio.

The writers hearty thank to Mr. M. Taxavasu for his helps n
X-ray examinations.

The work here reported was made possible in part through aid of
the Grant in Aid for Fundamental Scientific Research, Ministry of Edu-
cation. The writers are very grateful for this assistance.
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