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Mallardite, MnS0,.7H,0O, reported only {rom its original locality, the Lucky Boy
mine, Utah (Carnot, 1879), was found irom the Jokoku mine, Hokkaido, japan. The
mincral occurs as cflorescences which are composad of aggzeg've-: of minuie fibers or
'pn%matzc crystals on the walls of -mine passages.

K-ray powder diffraction pattern shows that it is monociinic with a,=14.15, by=8.50,
o~ 11064, B=105"36", Z=4 and space group P2,/c seems probable from*he analogy with

melanterite and bieberite. Woet

chemical analysis leads to an emperical formula of

(Mng 50, MEo.11)1.0151.00C 000 - 6-8H,0, showmg, the material to be very close to the ideal

formula MaSO,.7H,0.

The mineral is colorless with vitrcous luster,
It is readily soluble in cold water.
Optically biaxial possitive with large optic axial angle.
Refractive indices measured by the immersion method are o= 1.462,8=-1.4865,

Powdered material is white in color.
1.838 (calc.),
ZAc=44°.

y=1.474, and y-w=0.012, all £0.003.

and transparent to translucent.
Specific gravity is
Extinction angle is

Studies on the stability relation among synthetic mangancse sulfate hydrates {Cottrel},
1900} and the field evidence in adits where the material was collected indicate that
mallardite is {ormed at temperatures below about 10°C and under high relative humidity.

INTRODUCTION

Mallardite was originally described by
Carnot (1879) from the Taucky Boy mine,
Utah which is the only one definite locality
of the mineral. Its identification is based
only on chemical analysis and optical
properties which are lacking in refractive
indices, so that mincralegical data of this
mineral are very scanty. Moreover, a
cuprian and zincian variety is said to occur
in the Bayard arca of the Central District,
Grand County, New Mexico (Palache,

Berman and Frondel, 1951), but no
reliable data of these minerals are known.
This very rare mineral was found by one
of the authors (E.K.} in adits of 80 meter
level of the J6koku mine in February, 1977.
In this paper, the mode of occurrence and
mineralogical properties of mallardite from
the mine are presented together with bricf
discussion on its stability and genesis.

OCCURRENCE

The Jokoku mine, the largest producer
of manganese in Japan, is located at

{Manuscript received July 3, 1979)



Maliardite from the Jokokn mince, Hokkaido, Japan

141° 142
|
L
f
| OTARU
]
o
!; CSAPPORO ..
|
(7 l MURORAN
; e
JOKOKU MINE
® HAKODATE

Wb

Map showing the location of Jokoku
mine, Hokkaido, Japan.

Fig, 1

Kaminokuni-machi, Hiyama District about
80 km southwest of Hakodate, Hokkaido
{(Fig. 1.). The ore deposits are composed
of about epithermmal  fissure-filling
manganese-zinc-lead veins cutting Paleozoic
slate and Miocene volcanic rocks {(Miura
and Omura, 1961; Nishio, 1966). But,
recently pyromctasomatic manganese-zinc-
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Fig. 2 lLocality map of mallardile at the 80 m level of Jokoku mine.
Uwaban and Shitaban mean a hanging wall and a foot

used for the present study.
wall, respectively. ():Locality

407

lead deposits have been proved to occur in
the paleozoic limy rocks, being developed
around the lower part of veins {Ohta, Honda
and Nishiyama, 1971).

The ore minerals are composed mainly
of rhodochrosite associated with subordinate
amounts of sphalerite, galena and pyrite,
and with many kinds of minor mincrals,
Gangue minerals include quartz, dolomite,
ankerite, kutnahorite, manganoan calcite
and a small quantity of clay minerals such
as chilorite, sericite and kaolin minerals
(Nambu and Kitamura, 1974). These are
altered in the zones of oxidation to lmonite
consisting of goethite and lepidochrosite,
and to various manganese dioxide minerals
such as psutite, cryptomelane, pyrolusite,
lithiophorite, manganite and wad. In
adition, plumbogwmmite occurs rarely in
the dggregates of goethite and quartz.

Mallardite was found in adits of the 80
meter level of the Jokoku mine. Localities
are shown in Fig. 2. The mineral occurs
mainly as dclicate fibrous efflorescences and
occasionally crusts on the adit wall, 1t
appears directly on the surface of rhodo-
chrosite and other manganese-bearing
minerals such as manganoan calcite and

Sample from No. 1 was
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Fig. 3 Photographs of fresh mallardite {upper)
and jokokuite pseudomorph  (lower)
derived from the dehydration of mallar-
dite on exposure to dry aiv at ordinury

rgom temperature.

kutnahorite, and occasionally as pore or
fracture-filling in mother rocks.

Under the suicroscope, they consist of
aggregate of hair-like, needle-like and long
columnar crystals, generally between about
0.5 and 12 1 in length, and between (2
and I mm across (Fig. 3).

Maliardite is ordinarily not associated
with other sulfute minerals, but rately
admixed with jokokuite (MnSO, . 5H,0)
andfor ilesite (MnSO, . 4H_ 0).

The material from the location No, 1
in Fig. 2 was used for the present study.

PHYSICAL AND OPTICAL PROPERTIES

The needles of mallardite are colorless
with vitreous luster and transparent to
translucent. The powdered material is
white in color. It is too fine to measure

Table 1 Optical properties of mallardite,
melanterite and bieberite.
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the hardaess and the specific gravity. The
calculated specific gravity is 1.838, which is
slightly lower than the measured value
L8486 [or artificial MaS0, . 7H.O (Gunther,
1912).

A distinct cleavage is observed on (001)
under the petrographic microscope. It is
biaxial positive with a Yarge optic angle,
extinction angle is z A c=44°%, aud refractive
indices measured by the imimersion method
using Na light at 12°C are a==1462, f=
1.465, p==1474, (all £0.003) and y-o=
0.012. These values are somewhat lower
than those of other members of the melan-
terite group. Optical properties of mal-
lardite are compared with those of melan-
terite and bieberite in Table I.

GCHEMICAL COMPOSITION

Chemical analysis was made by the
normal wet method on the handpicked pure
materials after the confirmation of their
purity through the x-ray powder method.

The results are compared with those
of mallardite {from Lucky Boy mine, Utah
{Carnot, 1879) and theoretical value of
MnS0O, . 7,0 in Table 2. The material
from Jokoku mine contains 1.59%, of MgO
which substitutes for MnO.

The empirical formula for the Jokoku
material calculated on the basis of O=4 in
the anhydrous part is
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Table 2 Chermnical analysis of mallardites
from Jokoku mine, Hokkaido
and Lucky Boy mine, Utah.
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showing the material to be very close to the
theoretical MnSQ,. 7H,0.

X-rAY POWDER STUDY

data on a part of
purified material used for chemical analysis
was obtained by the diffractometer method
employing Muo-filtered Fe-radiation. The
comparison of d-spacings and intensity
ratios between mallardite and melanterite
{FeS0,-7H,O; JCPDS Card No. 22-633)
or bieberite (CoSO,-7H,0; JCPDS Card No.
16-487) shows a close ugreement. There-
fore, it is considered that these three miner-
als are isostructural.

The x-ray powder diffraction pattern
is successfully indexed on a monoclinic cell
with a,=14.15, b,=6.50, c,=110BA, f=
105°36’, Z=4 in termns of the analogy with
melanterite and bieberite. Possible space
group is P2,/c by the same reason as the
above. The indexed x-ray powder pattern
is presented in Table 3, and wumit celi
dimensions and calculated specific gravity

Xeray powder

Table 3 X-ray powder data of mallardite
from the Jokoku mine.
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Table 4 Unit cell parameters of mallardite,
melanterite and bieberite.
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together with those of melanterite and
bieberite are summarized in Table 4.

THERMAL ANALYSIS

DTA and TG of mallardite were carried
out simultaneously in air by means of a
Thermoflex unit made by Rigaku-Denki
Co., Japan, using about 350 mg of pure
material. Heating rate was 10°C  per
minute.

The DTA and TG curves are shown in
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Fig. + DTA and TG curves of mallardite
from Jokoku mine.

Fig. 4. Tt is characterized by the three
distinctive endothermic peaks at 163°C,
325°C and 1,005°C, accompanying with the
three faint but sharp endothermic peaks at
23°C, 90°C and 895°C.

The TG curve shows three steps of
weight loss, namely between rvom tem-
perature and 200°C, between 260°C and
360°C, und hetween 725°C and 1,025°C.

The first and second steps of weight
loss are due to the formation of manganesc
sulfate  monohydrate (MnS0,.H,0) and
anhydrous sulfate (MnSO,) by the dehydra-
tion of crystalline water, respectively. The
third step iz derived from expelled SO, and
the final product after heated to 1,080°C
consists mainly of haosmannite. These
phenomena were examined by the x-ray
powder method and chemical analysis,

From the comparison between TG curve
and DTA, it may be concluded that three
peaks at 25°C, 90°C and 163°C are due to
the dehydration of about 859 water which
corresponds to about 6 molecules of water,
and the peak at 825°C may be caused by
the loss of the remained 1 molecule of water,
Lastly, the two peaks at 895°C and 1,005°C
are due to vaporization of SO,.

GENESIS AND STABILITY OF MALLA-
RDITE

The efflorescences of mallardite on the
adit wall apparently precipitated secondarily
from surface and mine waters carrying com-
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Fig. 8 The solubility of manganous sulfate
in water (Cottrell, 190D, rewritien
by Mellor {1932))

ponents from manganese carbonate con-
sisting mainly of rhodochrosite and man-
ganoaﬁ calcite, and from sulfide minerals
such as pyrite, sphalerite and galena.

The occurrence of this mineral in the
adit of 80 m level of Jokoku mine is limited
to the cold season from November to June
in which the adit temperature is below
about 15°C and relative humidity is over
about 98 per cent. In other seasons, as the
adit temperature will rise to over about
15°C, mallardite dehydrates gradually to
jokokuite or to ilesite. However, the mor-
phological aspects of jokokuite and ilesite
show that a part of them are precipitated
immediately from relatively warm solution
above about 15°C.

On exposure to air for several days at
20°C and 60 per cent relative humidity,
mallardite dehydrated to form a white
powdery material, which on x-ray examina-
tion proved to be tetrahydrate without
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forming an intervening pentahydrate phase,

On the other hand, the stabilitics of the
hydrates of manganous sulfate with 1, 4,
5 and 7 molecules of water of crystallization
were determined by Cottrell (1800} for tem-
peratures between -10°C and - 100°C.
The ranges of their stability in the presence
of aqueous solution are illustrated in Fig.
5. This figure indicates that the transition
temperatures of MnSQ, . TH,0=2MnS0;, .
SH,;0-+42H,0 and MnS0, - 5H,022MnS0, -
H,0-++4H,0 are nearly 9°C and 27°C
respectively, and that tetrahydrate having
the transition temperaturc of necarly 14°C
from pentabydrate is an unstable phase,

Experimental studies on the phase
equilibrium in the systems of manganous
sulfate and water made by Cottrell {1900},
and the natural conditions of temperature
and humidity in adits where mallardite was
formed will suggest that the mineral
crystallized from mine water at teme
peratures below about 10°C and under
suturated humidity.
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