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Geology and Manganese Deposits of the Kunohe Area,
the North Kitakami Mountains

Morimasa YoOSHII*

Abstract

The Triassic to Jurassic Iwaizumi Group composed of eugeosynclinal sediments
accompanying mafic volcanics occur in the Kunohe area of the Iwaizumi belt, the
North Kitakami Mountains. The Iwaizumi Group is divided into six formations: the
Kisawahata Formation, the Magidai Formation, the Sawayamagawa Formation, the
Akka Formation, the Seki Formation and the Kassemba Formation in ascending order.
They are all conformable in the area.

The Magidai anticline lies at the central part of the area and trends north-
northwest in parallel to the direction of the major structure of the Iwaizumi belt.
Thickness of the formations is much more on the eastern limb of the anticline than
on the western limb, with the exception of the Kassemba Formation distributed only
on the western limb. Volume of the mafic volcanics is also much larger on the
eastern limb of the anticline than on the western limb.

Bedded manganese deposits occur mostly in the Seki Formation which is charac-
terized by the abundance of chert among the formations of the group. In most cases
they occur conformably in chert beds. Massive chert is mostly found in the footwalls
of manganese deposits and is rather rare in the hanging walls. Bedded chert, on the
other hand, occurs in both the hanging walls and the footwalls, but occurs rather in the
former than the latter.

The manganese deposits of the area are classified on the basis of the constituent
ore minerals into three types: the braunite-ore deposits, the carbonate-ore deposits
and the silicate-ore deposits.

The braunite-ore deposits occur mostly on the eastern limb of the Magidai anti-
cline corresponding to abundance of mafic volcanics. The carbonate-ore deposits are
distributed mostly on the western limb of the anticline where the mafic volcanics are
rare. The silicate-ore deposits are situated within hornblende isograd of hornfels
caused by early Cretaceous granitic intrusions.

Major manganese mineralization of the area is thought to have been mainly at
the stage of sedimentation of the Jurassic Seki Formation. The braunite-ore deposits
and the carbonate-ore deposits, especially the former, are thought to have been formed
with genetic relation to mafic volcanism. In early Cretaceous some of the manganese
deposits were thermally metamorphosed into the silicate-ore deposits by the granitic
intrusions. )

1. Imtroduction

Nearly one hundred bedded manganese deposits occur in the Kitakami Mountains,
Iwate Prefecture, Northeast Japan. This area has been recognized one of the most important
areas for manganese resources in Japan, together with such other areas as Hokkaido,
Kwanto, Hida, Tamba and Shikoku. The production of manganese concentrates from the
Kitakami Mountains up to 1971 was 840,000 tons with the average grade of 33 percent
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Mn for metallic manganese and 44,000 tons with the average grade of 72 percent MnO,
for manganese dioxides. :

Most of the smaller manganese mines of this area have, however, been closed down
during the past several years, and at the begining of 1977 only four mines are in operation:
Noda-Tamagawa, Hijikuzu, Fujikura and Otaniyama.

Although the geology of the South Kitakami Mountains has been studied by many
geologists since NAUMANN’s (1881) discovery of the Triassic systems in this area, geology
of the North Kitakami Mountains has remained unknown for a long time with the
exceptions of the Cretaceous and the Paleogene systems near Kuji, Iwate Prefecture. A
brief history of geological studies of the Kitakami Mountains after World War II may be
summarized as follows.

MinaTo (1950) showed the difference of lithology between the southern half and the
northern half of the Kitakami Mountains. YAMasHira (1957) noted the ultramafic rocks
at the boundary of the southern half and the northern half of the area and named the
boundary the Hayachine-Goyosan tectonic line, now called the Hayachine tectonic belt
(Fig. 1). KaNo (1958) showed the occurrence of the Mesozoic geosynclinal sediments
along the northeastern end of the Kitakami Mountains and named the area the Kitakami
marginal belt, now called the Taro belt.

In the Kamaishi area, between Kamaishi and Miyako of Iwate Prefecture, YOSHIDA
(1961) -and YosHma and KaTapa (1964) studied the lower Permian Kamaishi Formation
in which many bedded manganese deposits occur. Yosuma (1968) divided the North
Kitakami Mountains into three belts: the North Kitakami, the Iwaizumi, and the Taro
belts.

SHIMAZU et al. (1970) studied the geology of the southern part of the Iwaizumi belt
and named the eugeosynclinal sediments the Iwaizumi Formation. Afterward it was re-
defined to be the Iwaizumi Group (Fig. 2). SuciMoTo (1969; 1972; 1974) described the
details of the Iwaizumi Group of the Iwaizumi belt and the Rikuchu Group of the Taro
belt.

Onukr (1956; 1969) reviewed the geology of the Kitakami Mountains. YoOSHIDA
(1975) reviewed the history of the development of the Paleozoic and Mesozoic geosyn-
clines of Northeast Japan and redefined the division of the Kitakami Mountains as
follows: the South Kitakami belt, the North Kitakami belt, the Iwaizumi belt and the
Taro belt.

Descriptive studies on Japanese manganese deposits and manganese ore-minerals have
been carried out by YosHIMURA (1938; 1939; 1952; 1953; 1967; 1969; and others), LEE
(1955), WATANABE (1957; 1959), HmowAaTARI (1961; 1967; 1968; and others), Hiro-
WATARI and TAKEDA (1962a; 1962b) and many other mineralogists and mining geologists.

On the manganese deposits in the Kitakami Mountains, M. NamMBu has been carring
out a series of extensive descriptive studies since 1950’s and published many excellent
reports on the manganese deposits of the area. They were summarized by NAMBU,
TaNmA and KuMacar (1969) and NamBu et al. (1973). He carried out also minera-
logical studies on the manganese ores and discovered several new manganese minerals
(NaMBU and Tanmpa, 1967; NamBu, Tanpa and KiTaMura, 1969).

Suzukt et al. (1962; 1963) studied the manganese deposits of the Kunohe area.
OMoRI et al. (1952) studied the mineralogy of the Himegamori deposit in the Kunohe
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area. TAKAHASHI (1961) studied the Otaniyama deposit of the North Kitakami belt.

The Noda-Tamagawa deposit which is the largest in the Kitakami Mountains was
studied in detail (LEE, 1955; MivamoTo and IsHIDA, 1957; Sato et al., 19%7; WATANABE,
1959; WATANABE et al., 1960; WATANABE et al., 1961; WATANABE et al., 1970b).

The geneses of the following bedded manganese deposits have been discussed in some
detail: the Miocene deposits in Southwest Hokkaido (YosHIMURA and Sasa, 1935) and
Inner Zone of Northeast Japan (MoRITANI, 1963; 1964; 1967), and the “Paleozoic”
deposits in the Ashio Massif of Central Japan (WATANABE, 1957; WATANABE et al., 1957)
and in the Tamba belt of the Inner Zone of Southwest Japan (IMOTO, 1966; RESEARCH
GROUP OF THE TANBA BELT, 1969).

Geologic data are of prime importance in the genetic study of ore deposits. It was
felt by the present author some years ago that the past knowledge on geology and
manganese deposits in the Kitakami Mountains were insufficient to understand the geologic
conditions pertaining to the mineralization of this important manganese ore field. A
systematic study of geology and ore mineralogy of the Iwaizumi belt was thus planned,
and the area vicinity of Kunohe was chosen, since nearly fifty bedded manganese deposits
had been known to concentrate in the area. The area investigated comprises Karumai Town
Ono, Yamagata and Kunohe Villages of Kunohe County, Iwate Prefecture. Geologically
it is located at the northern end of the Iwaizumi belt.

The present paper summarizes the author’s geological field work and underground
survey of manganese deposits in the area and the mineralogical studies of collected
specimens. Particular emphases will be given in discussion of the main stratigraphic
horizon of the bedded manganese deposits and the geologic conditions for the manganese
mineralization of the Kunohe area.
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2. The General Geology and Manganese Deposits of the Kitakami Mountains

2. 1 Geology

The Kitakami Mountains are located near the northeastern end of Honshu. The area
covers 11,000 km2, being 250 km long in north-south direction and 80 km wide, and one
fourth of it is occupied by early Cretaceous granitic intrusions. The rest of the area
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consists mainly of Silurian to lower Cretaceous sediments. Cenozoic system occurs in
restricted parts.

Geologically the Kitakami Mountains are divided into four belts: the South Kitakami,
the North Kitakami, the Iwaizumi, and the Taro belts (YosHIDA, 1975). The Hayachine
tectonic belt lies bounded by faults between the North Kitakami and the South Kitakami
belts with maximum of 10km in width (YosHmA and Katapa, 1964). The North Kita-
kami, the Iwaizumi, and the Taro belts are bounded by major faults named the Kuzu-
maki and the Taro tectonic lines (SHIMAZU et al., 1970). These belts are shown in Fig. 1.

The South Kitakami belt consists mainly of Silurian to Permian geosynclinal sedi-
ments and Mesozoic neritic to littoral sediments. The Paleozoic formations consists of
limestone, sandstone and slate, but have no chert. They generally show rather the
marginal sedimentary facies in the Chichibu geosyncline. Volcanic rocks are rare except
in the lower Devonian and lower Carboniferous formations. Manganese deposits are not
found in this belt.

The Hayachine tectomic belt is made up largely of mafic volcanic rocks and sedi-
ments. The rocks in the tectonic belt are divided into the Carboniferous Kogawa For-
mation and the lower Permian Kuribayashi Formation in the Kamaishi area between
Kamaishi and Miyako (YosHIDA, 1961; YosHIDA and KATADA, 1964).

The Kogawa Formation is composed mainly of mafic volcanic rocks intercalated with
early Carboniferous limestone. It appears that the formation lies nearly between the
North Kitakami and the South Kitakami belts as a barrier to the Permian geosynclines of
both belts.

The Kuribayashi Formation is composed mainly of sandstone, tuffaceous sandstone,
slate and thin lenticular chert. They show the marginal facies of the North Kitakami
eugeosyncline (YosHIDA, 1975).

The formations in the tectonic belt were intruded by ultramafic intrusions of various
sizes. The formations are traceable along the trend as far as near Morioka from the
Kamaishi area (YosHIDA and KATADA, 1964).

The North Kitakami belt consists of lower to middle Permian eugeosynclinal sedi-
ments composed mainly of chert, slate and sandstone associated with small amounts of
mafic volcanic rocks and limestone. The sediments show a typical sedimentary facies of
the Chichibu geosyncline.

In the Kamaishi area the lower Permian Kamaishi Formation (YosHipA and KATADA,
1964) and the middle Permian Hanawa Formation (ONUKI and Kupo, 1954; KATADA
and YosHIDA, in preparation) occur. These formations consist of chert, slate and sand-
stone associated with limestone. Chert is abundant in the formations. Manganese
deposits develop in this area, showing close association with chert.

In the Kuzumaki area, 50 km northwest of the Kamaishi area, the Permian Kuzumaki
Formation occurs (Iwar et al., 1964). This formation is made up largely of phyllitic
slate, slate, chert, lavas and tuff. Mafic volcanic rocks occur abundantly near the Fuji-
kura manganese deposit, north of Kuzumaki.

The Iwaizumi belt consists mainly of Triassic to Jurassic eugeosynclinal sediments of
the Iwaizumi Group (SHIMAZU et al., 1970). The sediments of the group are rich in
coarse materials compared with those in the North Kitakami belt. The group is com-
posed mainly of slate, chert, sandstone, conglomerate, limestone and mafic volcanic rocks.

4—(292)



Geology and Manganese Deposits of the Kunohe Area (Morimasa YosHm)

Limestone is well-developed forming the Akka limestone in the eastern part of the belt.

The Iwaizumi Grouli in the Kunohe area where many manganese deposits occur
will be described in the following chapter (3.1. 1).

The Taro belt consists mainly of the upper Jurassic to lower Cretaceous Rikuchu
Group composed mainly of sandstone, slate and chert associated with andesite and dacite
(SuciMoTo, 1969; 1972). The Magisawa Formation is rich in chert and contains several
manganese deposits.
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Fig. 1 Distribution of manganese deposits in the Kitakami Mountains.
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Early Cretaceous granitic rocks intruded into the formations of each belt stated above.
K-Ar age of the intrusions is 105-129 m.y. (Kawano and Uepa, 1965; SHIBATA and
MILLER, 1962). Lithologically they are trondhjemite, granodiorite and quartz diorite
(KATADA, 1974). They caused thermal metamorphism of the formations in the belts.

2. 2 Manganese deposits

In the Kitakami Mountains manganese deposits occur in all of the belts except the
South Kitakami belt. Distribution of the manganese deposits in the Kitakami Mountains
is shown in Fig. 1. The manganiferous formations are shown in Table 1.

The manganese deposits are concentrated mostly in the lower Permian Kamaishi
Formation of the Kamaishi area and the Jurassic Seki Formation of the Kunohe area:
About thirty workable deposits have been known in the former, and nearly fifty in the
latter.

Several deposits occur in the middle Permian Hanawa Formation of the Kamaishi
area, the Permian Kuzumaki Formation of the Kuzumaki area and the upper Jurassic
Magisawa Formation of the Taro belt. In the Hanawa Formation the Hanawa and
several other deposits occur. In the Kuzumaki Formation the Fujikura, the Toyaba and
several other small deposits are distributed sporadically (Namsu, KonNo and KUMAGAL,
1967; NaMBU et al., 1967a); In the Magisawa Formation the Tanohata, the Mitsune
and the Akedo deposits occur (ABE and MURAMATSU, 1963; NamBU, 1959; NAMBU et

Table 1 Manganese-bearing Formations in the Kitakami Mountains.

Ago Hayachine North Kitakami belt Twaizumi belt Taro belt
tectonic belt Kamaishi area | Kuzumaki area (Kunohe area)
7]
2 -
3 =t Harachiyama F.
g S| Otomo F.
') Q
=
% SK1 I, & | Koshimeguri F.
2 £| Akka F. 5 esnnt
= o | Sawayamagawa Magisawa F.
- @] F. _
— ?
g ?
o .
@ ‘s | Magidai F.*
'é 2 Kisawahata F.*
=
g *
= Hanawa F.
8 |Kuribayashi F.* . Kuzumaki F.*
5 y Kamaishi F.**
[
w
, B
a2
28 Kogawa F.*
=
Q

* Formations with several manganese deposits.
*% Formations with abundant manganese deposits.
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al., 1966).

A few deposits occur also in the Hayachine tectonic belt near Morioka. In the
formation correlated to the carboniferous Kogawa Formation the Tonaka deposit occurs
accompanied by many small bedded iron deposits whose constituent is hematite ore
(TANDA and SASAKI, 1965; NaMBU et al., 1959; 1960; 1961; Oxapa and KumaGal, 1960).
In the formation correlated to the lower Permian Kuribayashi Formation, the Kumano-
sawa deposit is found (NAMBU and SAsaki, 1965).

In the Kitakami Mountains almost all of the manganese deposits are of bedded type.
They are concentrated in chert-rich formations such as the Kamaishi Formation and the
Seki Formation.

In this paper the manganese deposits are classified into three types on the basis of
their major constituent ores: the braunite-ore deposits, the carbonate-ore deposits and

Table 2 Dimensions of Manganese Ore-bodies in the Kitakami Mountains.

Length hick
Thickness
Strike side Dip side Dl
M. S. M. S. M. S.
North Kitakami belt
Kamaishi area 50m 44m 57Tm 56m I.7m 1.3m 31
Kuzumaki area 50 45 32 14 1.2 0.7 9
Iwaizumi belt
Kunohe area 52 47 47 34 0.8 0.8 57
Taro belt 34 14 37 26 1.5 0.7 8
Kitakami Mountains 49 44 46 37 1.1 1.0 105
M: mean value, S: standard deviation.

Table 3 Production of Manganese Concentrates in the Kitakami Mountains.

Metallic ore Dioxide ore Metal content

Quantity | Grade | Quantity | Grade | Quantity | Ratio
(m tomn) (%) (m ton) (%) (m ton) (%)

Hayachine tectonic belt 300 37 1,200 73 200 0 i

|

North Kitakami belt |

Kamaishi area 160, 700 31 700 65 50, 900 17 |
Kuzumaki area 37,000 30 300 73 11, 300 4

Iwaizumi belt

Kunohe area 114,200 38 41, 400 73 63,200 21
Noda-Tamagawa mine* 475,300 34 160, 300 54
Hijikuzu mine 41,200 16 6, 500 2
Taro belt 14,200 33 4, 600 2
Total 843, 500 33 43, 600 72 297, 700 100

#* Data were from Shin-Kogyokaihatsu Co. Ltd. Other data were derived from NAMBH, TANIDA and
Kumacar (1969) and NAMBU et al. (1973).
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the silicate-ore deposits. These types of the manganese deposits may correspond respec-
tively to he “Tomisato-type”, the “Manako-type” and the “Kaso-type” deposits of YosHI-
MURA (1952). The former two types correspond to the “type-B” and the “type-A”
deposits of WATANABE et al. (1970a). The details of these three types of deposits will
be stated in the following chapter (3.2. 3).

The statistics for the dimensions and the production of the manganese deposits in
the Kitakami Mountains are shown in the following lines. The figures were derived mainly
from the data by NamBuU, TANIDA and Kumacar (1969) and NaMBU et al. (1973).

The average dimensions of the manganese deposits in each area of the Kitakami
Mountains are shown in Table 2. The average length of the deposits of the Kitakami
Mountains is 49 m in strike direction and 46 m in dip direction. The average lengths in
the both directions are thus nearly the same. The average thickness is 1.1 m.

Production of the manganese concentrates in each area is shown in Table 3. More
than half of the production in the Kitakami Mountains is from the Noda-Tamagawa
depbsit. The Kunohe area comes next to it in the production.

3. Manganese Deposits of the Kunohe Area

3. 1 Geology

The studied area, named the Kunohe area in this paper, is located 70 km northeast
of Morioka. The area extends 27 km long in north-south direction and 22 km wide and
contains a number of manganese deposits.

Geologically, the area is situated in the northern part of the Iwaizumi belt. The
major geologic units of the area are the Iwaizumi Group and early Cretaceous granitic
intrusions. Neogene formations with mafic to intermediate intrusive rocks and Quaternary
diluvial and alluvial sediments have limited extents. Quaternary volcanic ashes and falls
derived from the Hakkoda and the Towada volcanoes cover the area widely.

The geology of the Kunohe area is shown in Fig. 2.

3.1. 1 Iwaizumi Group

In the Kunohe area the Iwaizumi Group consists of the following six formations in
ascending order: the Kisawahata, the Magidai, the Sawayamagawa, the Akka, the Seki
and the Kassemba Formations. They are thought to be conformable with each other in
the area (Yosuum and YosHIDA, 1974), though in the south of the area an unconformity
has been reported between the Magidai Formation and the Sawayamagawa Formation
(SuciMoTo and Upa, 1972). Several other formations belonging to the Iwaizumi Group,
the Takayashiki, the Otori and the Osakamoto Formations, have not been found in the
area.

The stratigraphic sequence of the area is shown in Table 4.

The Kisawahata Formation occurs along the axis of the Magidai anticline which lies
at the central part of the area. This formation is made up largely of chert and slate at
the southern part of the area and intercalates thin beds of chert, limestone, sandstone
and mafic tuff in small amounts in the northern part, the north side of the Kawai fault.

Slate is dark gray to black.
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Fig. 2 Geology of the Kunohe area.
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Table 4 Stratigraphy of the Iwaizumi Group in the Kunche Area.

Age Formation Thicknessy Column Rock facies Deposits
(m) oo 2Sl Coarse to medium
| [T |, sandstone with Mn
Kassemba .| 1000+ fgx == chert and slate.
Northeastern part:
slate, chert, vol- Mn
T A canics and red abundant
© v chert.
o Seki 2 + [ LT T
g e 500 TITTTirorn Southwestern part:
5 chert and siate
2 [ LTI with  |imestone,
[TLII1
100 Limestone, partially
Akka - with chert,
800 [T T T
LT LTI
v, 2= Mafic lavas, brec-
Sawayamagawa [O—-700|v v v v v cias and tuff with
v v v v vV opitlow lavas.
be — A4 V. V.
T I Slate, sandstone,
s 250~ [Fr=m.oon== conglomerate, vol- Mn
Magidai 1000 canics, chert and
o .
——————-v—>| limestone.
L
w
8 [TRIII]] S'ote and chert
= with  volcanics, Mn
= Kisawahata 1500+ [TTHTITT] saondstone and lime-
————=v~vvv stone.
_ PT=ST > ==
£ =2 0 B =
Conglomerate Sandstone Slate Chert Limestone Volcanics  Limestone
lens

Chert is light gray to dark gray and bedded or massive. It grades into siliceous
slate in some cases.

Sandstone is bluish gray and coarse- to fine-grained. It contains irregularly shaped
black pelitic fragments of up to several centimeters long. The sand grains are mainly
feldspar and quartz.

This formation is about 1,500 m thick in the area.

The Magidai Formation is distributed on both limbs of the Magidai anticline and
conformably lies on the Kisawahata Formation.

The lithology is mainly sandstone, slate and small amounts of chert, conglomerate
and limestone. Mafic tuff is abundant on the east limb of the anticline.

Sandstone is light gray to dark gray, coarse- to fine-grained and massive. It contains
black pelitic fragments of up to 1cm in diameter. In some cases sandstone beds alternate
with slate showing graded bedding. '

Chert is gray and bedded. It includes fossils of radiolaria in its unmetamorphosed
parts.

Conglomerate occurs as lenses in the sandstone beds. It is 1-5 m thick. Pebbles of
the conglomerate are chert, siliceous slate and limestone of up to 3 cm in diameter.

Limestone is gray to dark gray. The limestone beds are 2—-3 cm thick. They contain
late Triassic conodonts (MURATA and SuGiMoTo, 1971).
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Fig. 3 A pillow lava of the Sawayamagawa Formation. At Kayamori along the Kuji river.

This formation is 1,000 m thick on the eastern limb of the Magidai anticline and
250 m thick on the western limb.

The Sawayamagawa Formation is underlain conformably by the Magidai Formation.
This formation occurs on both limbs of the Magidai anticline and is well-developed at
the south-eastern part of the area.

The formation is composed mainly of basalt flows with pillow lavas, auto-brecciated
lavas, tuff and volcanic conglomerate. The piliow lava is shown in Fig. 3.

This formation is 700 m thick on the eastern limb of the Magidai anticline and
100 m on the western limb.

The Akka Formation is underlain conformably by the Sawayamagawa Formation.
This formation occurs on both limbs of the Magidai anticline.

The formation consists mainly of limestone which is well-developed on the eastern
limb of the anticline. This limestone is northern extention of the Akka limestone. On
the western limb the limestone thins out on the north side of the Kawai fault and is
associated with slate and chert at the northern end. The limestone beds alternate with
chert in some places.

Limestone is white, gray and dark gray with bluish tint. It is more or less recrys-
tallized by thermal metamorphism. The unmetamorphosed part is dark colored and
rarely includes fossils of hexacoral, sponge and calcareous algae. At Izurumachi
Thecosmilia? sp. and Solenopora sp. occur in the lenticular limestone (YosHI and YoOSHIDA,
1974).

This formation is 800 m thick on the eastern limb of the Magidai anticline and
0-100 m thick on the western limb.

The Seki Formation is underlain conformably by the Akka Formation. It occurs also
on both limbs of the Magidai anticline. This formation is characterized by exclusively
dominant chert among the Iwaizumi Group. Lithology of the formation differs on both
limbs of the anticline.

On the eastern limb of the anticline, lower part of the formation conmsists mainly of
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slate, chert and mafic volcanic rocks. The upper part of the formation comprises alter-
nation of slate, sandstone, chert and mafic tuff.

Chert is red, gray and dark gray. It is bedded or massive. Tuffaceous films of
several millimeters thick are intercalated in the bedded chert every 3-15 cm. Red chert
is abundant in this part of the area and encloses manganese deposits in many cases,
Several well-developed chert beds containing the major manganese deposits are traceable
for several kilometers and are interfingered with mafic volcanics at the northern end of
the area.

Slate is dark gray to black and in some cases purple red and greenish gray. In many
cases it is phyllitic. A dark-colored slate bed whose whethered color is notably light
greenish-brown is traceable for several kilometers as a key bed.

Sandstone is dark gray to gray, coarse- to medium-grained and massive. It is com-
posed mainly of quartz and feldspar in various ratios, and contains small pelitic frag-
ments. Each sandstone bed is up to 30 m thick.

Limestone is gray to light gray with bluish tint. It is more or less recrystallized by
thermal metamorphism. No fossils have been found in it. It occurs as lenses of up to
20 m thick.

Mafic volcanic rocks are composed mainly of basalt lavas and tuff. They are greenish
gray to dark green and purple. In many cases they are up to 20 m thick and usually
alternate or interfinger with chert and slate. The tuff beds are traceable for several kilo-
meters in some cases.

The mafic volcanic rocks are well-developed at the northern end of the area and is
thought to have a close relation with the manganese mineralization in this formation.

On the western limb of the anticline the formation is made up largely of chert and
slate associated with small amounts of sandstone, limestone and mafic tuff.

Chert is gray to dark gray. Red chert is rare. The chert is bedded to massive and
grades into siliceous slate in many cases. o

Slate is dark gray to black. It is siliceous in many cases and is rarely phyllitic.

Sandstone is dark gray to gray, medium-grained and massive. It is composed mainly
of quartz and feldspar. It occurs near Kawai.

Mafic tuff is rare and mafic lava is not found. It occurs near the Yamagata deposit
at Hinosawa. It is greenish gray. '

Thickness of this formation is 2,500 m on the western limb of the Magidai anticline
and seems to be thicker on the eastern limb than on the western limb, though the exact
thickness is unknown on the eastern limb.

The Kassemba Formation is underlain conformably by the Seki Formation. This
formation occurs at the southwestern end of the area on the western limb of the Magidai
anticline.

The formation consists mainly of sandstone associated with small amounts of chert,
slate, limestone and mafic tuff.

Sandstone is gray to bluish gray, coarse- to medium-grained and massive. It is
composed mainly of quartz and feldspar, and it contains pelitic fragments.

Chert is gray to light gray. Chert beds occur at the southwestern end of the area
and enclose the Kayatai deposit.

Limestone is gray. It occurs as thin beds overlain by the chert beds.
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Fig. 4 Schematic cross-section of the Iwaizumi Group in the Kunohe area.

This formation is at least 1,000 m thick though the exact thickness is unknown in
the area.

A schematic cross-section of the Iwaizumi Group in east-west direction is shown in
Fig. 4. It shows that the approximate thickness of these formations excluding the Kassemba
is much more on the eastern limb of the Magidai anticline, and the volcanics are abundant
also on the eastern limb.

3.1. 2 Intrusive rocks

Early Cretaceous granitic rocks intruded in the Kunohe area. They are called the
Hashikami, the Numabukuro, the Heromachi, the Ushigasawa, the Okubo and the Hiraniwa
intrusive bodies (Yosum and KaTapa, 1974).

The Hashikami body is the largest in the area. It crops out 20 km long in north-
south direction and 12km wide at the northeastern end of the area. Lithologically it is
granodiorite to trondhjemite containing idiomorphic hornblende and biotite with porphy-
ritic texture.

The Hiraniwa body is the second in size. It crops out for a length of 14km in
north-south direction and 2km in width at the southwestern end of the area. It intruded
at the southwestern end of the area. It is granodiorite associated with monzonitic diorite
and monzonitic gabbro, and the rock facies varies considerably.

Other intrusive bodies are small, 1-3 km in north-south direction and 0.5-1km east-
west direction, and occur, sporadically in the area. The lithology of the Numabukuro
body is quartz diorite and granodiorite. The Okubo body consists of gabbro and allied
rocks with layered texture.

These igneous activity caused a contact metamorphism on the Iwaizumi Group.
Biotite isograd of the hornfels lies about 5km from the Hashikami body and 1-3 km
from other intrusions. Hornblende isograd lies near 2km from the intrusions. These in-
trusions were also responsible for the pyrometasomatism of the manganese deposits, which
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will be discussed later.
Small intrusive bodies of basalt and andesite occur at several localities in the area.

Some of them are arranged linearly along a fault in the southwestern part of the area.
They crop out as much as 500 m or less in diameter. The lithology of the intrusions
varies considerably: augite-hypersthene andesite, hypersthene-augite quartz porphyrite and
pyroxene-olivine basalt. It is probable that they were formed by the Neogene volcanic
activity prevailing outside the area.

3.1. 3 Geologic structure

The general strike of the formation of the Iwaizumi Group is N.15°-60°W. in the
area. The apparent structure is monoclinic, but it is‘quite complicated by folding and
faulting as shown in Fig. 5. Two outstanding foldings were distinguished. They are the
Magidai anticline and the Mawatari syncline. Their axes trend north-northwest and
plunge southward at low angles.

Major strike faults in the area are the Oitai fault and Kogarumai fault. The Oitai
fault is an anticlinal fault along the Magidai anticline. The Kogarumai fault is a synclinal

Granitic rock

Cretaceous formation
FrEd

[57Z<] Sawayamagowa Formation

Akka Formation

\ =

>< Anticlinal axis
K

\,

Synclinal axis

\, Fault

oKuji

oMikkamachi

Fig. 5 Geologic structure of the Kunohe area.
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Fig. 6 Bedded chert with minor folding.

fault along the Mawatari syncline. The Kawai and the Nemori faults are major dip faults.

The formations are overturned on the east side of the Sawayamagawa fault near
Sawayama and between the Magidai anticline and the Takanarizawa fault near Tengu in
view of the structure of pillow lavas and grading of sandstone beds. These faults are
shown in Fig. 2.

Minor foldings are observed in chert beds in many places and rarely in slate beds.
They have wavy or zig-zag forms turning every several meters as shown in Fig. 6. Axes
of the minor foldings trend generally northwest-southeast direction and plunge south-
ward on the eastern limb of the Magidai anticline, while they trend east-west direction
and plunge westward on the western limb. Plunge of the minor folding ranges from 5°
to 70° with the average of 30°.

3. 2 Manganese Deposits

Nearly fifty manganese deposits have been known in the Kunohe area. Distribution of
the deposits is shown in Fig. 7. Dimensions of the deposits are shown in Table 5.

Stratigraphic horizons, productions and types of the deposits are shown in the following
sections.

3.2. 1 Stratigraphic horizons

In the Kunohe area manganese deposits occur in the Kisawahata, the Magidai, the
Seki and the Kassemba Formations of the Iwaizumi Group.

In the Kisawahata Formation several small deposits occur: Imoya, Numabukuro,
Aratama and Tsunagi.

In the Magidai Formation there occur Kohare, Tengu, Yamato, Takamatsu, Yanosawa,
Mikkamachi, Makado, Tsuboana and Shimizugawa. Major deposits are Takamatsu and
Yanosawa. The deposits except Shimizugawa occur on the eastern limb of the Magidai anti-
cline. Kohare and Tengu are in the same chert bed.

Many deposits occur in the Seki Formation. On the eastern limb of the Magidai
anticline they are Kannon, Takamine, Kogarumai, Taiho, Otai, Kotamagawa, Ono,
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23. Takamine 24, Kogarumai 25, Taiho 26, Otai 27. Kotamagawa
28. Ono 29, Goto 30. Funakozawa 81. Tachikawa 32. Hokushin
33. Nagakura 34. Himegamori 35. Kujihira 37. Yamani 38. Kunohe
89, Ohata 40, Yamagata 41, Yokochi 42, Kitakami 43, Hokuel
44. Hinosawa 45. Kawai 46. Daini-Asahi 47. Takinosawa 48. Misawa
49, Seki 50. Oguni 51, Toyokuchi 55. Myoho 56. Hosoya
57. Oyukiya 61. Kayatai 62. Sainokami 63. Kurano 64. Okami
65. Taki 71. Noda-Tamagawa 91. Fujikura 92. Itamachiya 93. Nabekura

94. Unagisawa

Fig. 7 Distribution of manganese deposits in the Kunohe area.

Funakozawa, Tachikawa, Hokushin and Nagakura. Major deposits are Kotamagawa and
Funakozawa. Several deposits are in the same chert beds: Kogarumai, Taiho and Goto;
and Otai, Kotamagawa and Tachikawa.

On the western limb of the anticline there occur Yamani, Kunohe, Ohata, Yamagata,
Yokochi, Kitakami, Hinosawa, Kawai, Daini-Asahi, Takinosawa, Misawa, Oguni, Toyo-
kuchi, Hosoya and Oyukiya. Major deposits are Yokochi, Hinosawa, Kawai and Oguni.
Several deposits are in the same chert beds: Yamani and Kunohe; Ohata and Yamagata,
Hinosawa and Kawai; Kitakami and Hokuei; and Daini-Asahi and Takinosawa.

Several deposits occur in the Kassemba Formation. They are Kayatai, Sainokami,

Kurano, Okami and Taki. Sainokami and Kuranp are in the northwestern extention of
the formation outside the area.
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Table 5 Dimensions and Wall Rocks of the Manganese Ore-bodies in the Kunohe Area.
. Length (m) . . .
5 Thickne ootwall Hanging wall
Deposit Strike Dip hickness (m) Foot ging
Kisawahata Formation
Imoya 5—23 0.1—0.4 bd-ch bd-ch
Numabukuro 5—45 0.2 bd-ch bd-ch
Tsunagi 207 0.2—0.3 ms-ch sl
Magidai Formation
Kohare 40 0.2—1 ms—ch slt-tf
Yamato 5—10 1 ms-ch bd-ch
Tengu 40—350 0.1 ms-ch ms—ch
Takamatsu 170 70 0.4—1.5 ms-ch pr-bd-ch
Yanosawa 30 44 1 sl, ms-ch r-bd-ch
Mikkamachi 15 bd-ch bd-ch, ms-ch
Makado 20 0.4 r-ms—ch bd-ch
Tsuboana 10 1> bd-ch bd-ch
Shimizugawa 20 20 0.3—2.5 bd-ch bd-ch
Seki Formation (northeastern part)
Kannon 60 0.1-0.5 r-ms—ch r-ms-ch
Omaki 20 0.7—1 bd-ch bd-ch
Takamine 100 60 0.5—1 r—-bd-ch r-bd-ch
Kogarumai 80 60 0.3 r-bd-ch r-bd-ch
Taiho 20 0.5—0.8 r-ms—ch bd-ch
Otai 50—60 20—30 0.3—0.4 bd-ch bd-ch
Kotamagawa 50—100 100 0.5—1 r-bd-ch, ms-ch r-bd-ch
Ono 30? 20? 1 r-bd-ch r-bd-ch
Goto 60 0.3 r-bd-ch r-bd-ch
Funakozawa 200 130 0.5—1 r-ms—ch tfc-bd-ch
Tachikawa 30 90 0.5—1.5 bd-ch, r-sl bd-ch, r-sl
Nagakura 3—8 0.1 r-bd-ch r-bd-ch
Himegamori 1 ch ch
Seki Formation (southwestern part)
Yamani 10—15 0.7> bd-ch bd-ch
Kunohe 6 0.4—1 bd-ch bd-ch
Ohata 60—90 60 0.3—0.6 bd-ch, ms—ch bd-ch
Yamagata 90 0.1—1 pr-bd-ch pr-bd-ch
Yokochi 220 80 bd-ch, ms-ch bd-ch
Kitakami 35 30 0.1—2 ms—ch bd-ch
Hokuei 10> 0.1> bd-ch sl
Hinosawa 70—90 40—60 1.2 pr-ms—ch bd-ch, ms-ch
Kawai 100 110 ) 2 pr-bd-ch bd-ch
Daini-Asahi 16 0.1—0.5 bd-ch, ms-ch bd-ch, ms-ch
Takinosawa 20—30 0.4—0.7 ms—ch, bd-ch bd-ch
Misawa 40 0.3—0.7 bd-ch bd-ch
Oguni 90 90 0.1—2 bd-ch, ms-ch ms-ch
Toyokuchi 40—70 80 0.1—1.5 bd-ch bd-ch
Oyukiya 40 1 ms-ch ms—-ch
Kassemba Formation
Kayatai 100? 1.5 bd-ch bd-ch
Sainokami 70—120 100 1> bd—ch, ms-ch bd-ch
Kurano 60 30 bd—ch, ms-ch bd-ch, ms-ch
Okami 30 90 0.5 bd-ch, ms-ch bd-ch -
Taki 70—100 40 0.3—0.6 bd-ch sl, bd-ch, ms-ch

ch: chert, sl: slate, tf: tuff, slt: silty, tfc: tuffaceous, bd: bedded, ms: massive, r: red, pr: partly red.

3.2. 2 Produ

ctions

Productions of the manganese concentrates from the Kunohe area are shown in
Table 6. The statistics for the productions were derived from the data by NAMBU,
TaNDA and Kumacar (1969).
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Table 6 Production of Manganese ores from the Kunohe Area.

a) Production of ore concentrates from deposits in each formation.

Metallic ore Dioxide ore
. Period of
Deposit Quantity é:g};afggr Quantity Arwgrafe working
(ton) g (ton) graae 1or
Mn (%) - | MnO; (%)
Kisawahata Formation .
Numabukuro 250 ? 1942—1945
Tsunagi 100 ? 1941—1942
Total 350 ?
Magidai Formation
Kohare 1,350 38 200 74 1943—1967
Tengu 2,000 . ? 1937—1945
Takamatsu 16,200 36 1938—1962
Yanosawa 800 40 1955—1958
Mikkamachi 300 30 . 1955—1958
Makado 350? ? ?
Tsuboana 2,000? ? 19407
Shimizugawa 2,300 27 1964—1966
Total 23,300 35 - 2,200 74
Seki Formation (northeastern part)
* p —1945
Kannon 400% ? 1, 000%* 7 {**196 ioas
Takamine 350 48 1,050 70 1938—1962
Kogarumai 700 49 350 80 1943—1960
Otai 300 29 350 75 1961—1966
Kotamagawa 7,900 45 1935—1968
Ono 1,750 46 200 75 1939—1945
Funakozawa 9, 700 41 1957—1968
Tachikawa 4,700 41 1, 800 78 1937—1968
Sub-total 25,800 43 4,750 75
Seki Formation (southwestern part)
Kunohe 500? ? ?
‘Ohata 3,200 41 - 1939—1953
Yamagata 200 31 4c0 68 1958—1963
Yokochi 12, 400 33 1,500 76 1952—1963
Kitakami 50 33 100 66 1959—1962
Hinosawa 17,450 42 2,300 76 1933—1967
Kawai 23,900 71 1940—1961
Takinosawa 1,150 44 5,200 75 1937—1961
Misawa 5007 ? 1937— ?
| o
- , ? 40—195
Toyokuchi ‘{ 800 {35 { 1958—1960
Hosoya 1,000? ? 1939?
Oyukiya 6,000? ? ? —1945
Sub-total 55,950 38 33,400 72
Total 81,750 40 38,150 73
Kassemba Formation
Sainokami 2,650 37 *1956—1962
1943—1945
Kuran(? 200% 42 200%* 80 {**1962——1966
OKami 850 31 600 70 1958—1962
Taki 5,050 35 250 72 19441967
Total 8,750 35 1,050 72

The data were derived from NAMBU, TANIDA and KUMAGAI (1969).
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Table 6 (Continued).
b) Ratios of manganese metal produced from each formation.

Formation Quantity (ton) Ratio (%)
Kisawahata 100 0
Magidai 9,200 14
Seki 50, 300 80
Kassemba 3,500 6
Total 63,200 ) 100

The total manganese concentrates produced from the area by 1971 were 114,000 tons
of metallic ore with the average grade of 38 percent Mn and 41,000 tons of oxide ore
with the average grade of 73 percent MnO,. The metal content is 63,000 tons. The pro-
duction is 21 percent of the total output from the Kitakami Mountains.

In the area the manganese ores were produced mostly from the Seki Formation. By
1971 the manganese concentrates from this formation were 82,000 tons with the average
grade of 40 percent Mn and 38,000 tons with the average grade of 73 percent MnO,,
being equivalent to 80 percent of the total manganese metal produced from the area.

From the Magidai Formation 23,000 tons (average 35 percent Mn) and 2,000 tons
(average 74 percent MnO,) were produced. They are 14 percent of total manganese
metal from the area.

From the Kassemba Formation 9,000 tons (average 35 percent Mn) and 1,000 tons

(average 72 percent MnO,) were produced, being 6 percent of the production from the
area.

3.2. 3 The braunite-ore deposits

The manganese deposits of the Kunohe area and the vicinity are classified into three
types on the basis of the major constituent ore: the braunite-ore deposits, the carbonate-
ore deposits and the silicate-ore deposits.

The braunite-ore deposits are distributed mostly on the eastern limb of the Magidai
anticline. Takamatsu and Yanosawa (all in the Magidai Formation), Kannon, Omaki,
Takamine, Kogarumai, Taiho, Otai, Kotamagawa, Ono, Goto, Funakozawa and Tachikawa
(all in the Seki Formation) belong to this type. On the western limb of the anticline
only Yamagata is of this type.

Distribution of the braunite-ore deposits coincides with that of mafic volcanics. On
the eastern limb of the Magidai anticline the mafic volcanics occur in abundance as
shown in Figs. 2 and 4. Though they are rare on the western limb of the anticline, the
Yamagata deposit is accompanied exceptionally by mafic tuff.

The deposits of this type consist mainly of braunite ore. Several deposits, Taka-
matsu, Yanosawa and Yamagata, contain varying amount of carbonate ore in addition to
the main braunite ore.

The braunite ore is iron black with submetallic luster and very fine-grained. It
usually forms bands with red chert (Plate 12-1, 2).

The deposits are characteristically accompanied by red chert which contains fine-
grained hematite. The thickness of each red chert is usually about 2 m and in some cases
up to 10m. In the Kotamagawa deposit it shows especially bright red within 2 m from
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Table 7 Manganese and Iron Contents of Chert.

Average (%)
Sample Number
MnO Fe,O3
a) Red chert in the braunite ore deposits*
In ore bodies 2.846 1.331 10
Within 1 m from ore bodies 0.678 2.147 31
Over 1 m from ore bodies 0.196 0.978 34
Having no ore bodies 0.233 1.227 6
b) Chert outside of manganese deposits
White chert 0.026 0.41 12
Red chert 0.124 1.43 8
Black chert 0.121 1.74 20

Analyst: Norio Tono.

* Kannon, Taiho, Otai, Funakozawa and Tachikawa.

Bedded chert

Massive chert

Fig. 8 Underground geologic map of the Funakozawa deposit.
From SUzUKI et al. (1963).
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the ore body.

Manganese and iron contents of several kinds of chert are shown in Table 7. It is
seen that the iron content of red chert is higher in the portions within 1 m from the
manganese ore bodies (2.1 percent Fe,O3) than in the ore bodies (1.3 percent Fe,Oj).

As an example of the braunite-ore deposit the Funakozawa deposit is described in
the following paragraphs: ‘

Funakozawa is located at Matsunokitai of Ono Village, 4 km south-southwest of Ono.

This deposit is 200 m long in strike direction, 130 m long in dip direction and 0.5-1 m
thick. The underground geologic map is shown in Fig. 8. The ore body is .conformable
to the wall rocks. It is folded, and the axis of the minor folding trends N.70°-90°E.
and plunges northward at 45°-55°. _

The primary ore is braunite ore associated with small amounts of tephroite, rhodo-
chrosite, spessartine, hausmannite and jacobsite. -The braunite ore -usually-forms- a- banded-
ore alternating with chert every several millimeters to several centimeters (Plate 12-2). A
schematic section of the ore body is shown in Fig. 9. The ore is cut by veinlets of
rhodonite and nambulite. Piedmontite was found in the ore (NAmBU, 1958).

The chemical analysis of the braunite ore is shown in Table 8. The ore contains
31.75 percent MnO, 48.77 percent MnQO, and 0.76 percent Fe,O;. The ore is poor in
iron component.

The oxidized ore occurs at the uppermost part of the ore body. This ore is com-
posed mainly of cryptomelane and pyrolusite associated with small amounts of nsutite and
hollandite (NAMBU, 1958).

The footwall of the ore body consists of red massive chert. It is about 0.5 m thick,
and swells and pinches in accordance with the ore body. The iron content of the red
chert is 2.71 percent Fe,O; and is much more than that of the braunite ore. The
chemical analysis of the red chert is shown in Table 8.

—

R R Tuffaceos bedded chert
(Hanging wall)

Braunite ore
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Fig. 9 Schematic columnar-section of the Funakozawa dépbsit.
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The hanging wall is dark-purple tufface-
ous bedded chert and tuffaceous slate.

The production of the ore concentrate
from the deposit from 1957 to 1968 was
about 9,700 tons with the average grade
of 41 percent Mn (NamBU, TaNmDA and
Kumacar, 1969).

3.2. 4 The carbonate-ore deposits

Manganese deposits of this type are dis-
tributed on the western limb of the Magidai
anticline. The major deposits are Kunohe,
Ohata, Yokochi, Kitakami, Hinosawa, Kawai,

Daini-Asahi, Takinosawa, Oguni, Toyokuchi‘

(all in the Seki Formation), Kayatai, Saino-
kami, Kurano and QOkami (all in the Kassemba
Formation).

Distribution of the deposits of this type
coincides with the part of the mafic volcanics
being poor as shown in Figs. 2 and 4.

The carbonate-ore consists mainly of
fine-grained rhodochrosite associated with

hausmannite, tephroite and rhodonite in various amounts. In some cases the ore contains

Table 8 Chemical

Analyses

of the

Braunite Ore and ‘Red Chert
in the Funakozawa Deposit.

‘ Braunite ore | Red chert
MnO, 48.71 0.00
Si0, 9.55 95.56
TiO, 0.11 0.03
Al,O4 1.07 0.69
Fe,0; 0.76 2.71
FeO 0.00 0.00
MnO 31.75 0.07
MegO 1.66 0.09
CaO 1.43 0.01
Na;O 0.29 0.04
K0 0.33 0.08
P,0; 0.09 0.04
H,O0+ 1.18 0.05
H,O0~ 0.24 0.12
CO, 0.09 0.03

Total 97.34 99.52

Analyst: Kikumatsu OTA.

also small amounts of jacobsite, braunite, bementite, pyrophanite, galaxite, alleghanyite,

manganese micas, dannemorite and neotocite. Identification of these minerals is generally

hard because they are very fine-grained and are mixed with each other.
Color of the ore varies from dark brown to light brown, brownish gray, bluish gray,

Table 9 Chemical Analyses of the Carbonate Ore from the Kunohe Area.

Deposit Color Total Mn MnO, SiO, Fe P
1. Kohare Brown 48.52 0.56 14. 84 0.43 0. 026
2. Takamatsu Brown 42.04 0.00 16.76 1.56 0. 061
3. Shimizugawa Black 45.75 — 18.52 2.02 0.070
4. Shimizugawa Gray 42,83 — 20.40 2.36 0.048
5. Shimizugawa Brown 44,13 — 17.29 3.07 0.070
6. Shimizugawa Pink 35.92 — 28.53 2.35 0.070
7.- Kunohe Brown 36.12 — 22.27 1.50 0.057
8. Kunohe Brown 26.76 — 41.04 3.09 0. 061
9. Hinosawa Chocolate 48.28 59.27 11.31 0.58 0.035
10. Hinosawa Brown 31.77 49.27 16. 41 0.63 0.048
11. Takinosawa Brown 49. 65 — 18.09 0.92 0.271
12. Takinosawa Brown 51.19 — 14.99 0.50 0.170
13. Takinosawa Brown 44, 80 — 10.00 0.50 0. 140
14, Takinosawa Brown 37.42 — 7.51 1.12 0. 166
Analysts: Minako TERASHIMA (nos. 3-8 and 11-14), Kikumatsu OTA (nos. 1-2 and 9-10).
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Fig. 10 Underground map of the Hinosawa deposit.
From SUZUKI et al. (1962).

dark gray to light gray and pink. Dark-brown ore is so-called Chocolate ore (YosHI-
MURA, 1952). It contains high content of hausmannite and is high-grade ore with about
50 percent Mn. Gray ore is composed mainly of rhodochrosite. Bluish ore contains
tephroite abundantly. Pink ore is composed of coarse-grained rhodochrosite or a mixture

of fine-grained rhodonite and quartz.

The carbonate ore shows a banded texture in many cases as shown in Plates 13-3
and 14-1. The minerals are arranged in parallel to the bedding of the wall rocks. The
grain size of the minerals is usually around 0.02 mm in diameter.

Chemical analyses of several carbonate ores from the area are shown in Table 9.

Table 10 Chemical Analysis of Choco-
late Ore from the Hinosawa

Deposit.
MnO, 17.13
Si0, 11.31
TiO, 0.06
Al O3 0.63
Fe, 03 0.84
FeO 0.00
MnO 59.27
MgO 1.04
CaO 0.56
Na,O 0.06
K,O 0.06
P,Os 0.08
CO, 4.71
H,0+ 3.73
H,0— 0.70
Total 100. 18

Analyst: Kikumatsu OrTA.

The ores contain average 42 percent Mn,
18.4 percent SiO,, 1.5 percent Fe and 0.09
percent P.

As an example of the carbonate-ore de-
posits, the Hinosawa deposit is described in
the following paragraphs:

Hinosawa is located at Hinosawa of
Yamagata Village, 3 km northwest of Kawai.

This deposit is 70-80m long in strike
direction, 40-60 m long in dip direction and
about 1.2 m thick in average. The ore body
is much folded, and the axis of the minor
folding trends N.50°W. and plunges north-
ward at 50°. The underground map of the
deposit is shown in Fig. 10.

The primary ore of the deposit consists
mainly of the Chocolate ore and brownish
carbonate ore. The Chocolate ore is composed
mainly of hausmannite and rhodochrosite,
and the brownish ore is composed of rhodo-
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chrosite, hausmannite, rhodonite, tephroite and jacobsite with various amounts,

The chemical analysis of the Chocolate ore from the deposit is shown in Table 10.

The oxidized ore of the uppermost part of the ore body is composed of nsutite and
cryptomelane.

The footwall of the ore body is gray massive chert. The hanging wall is bedded
chert and massive chert.

The production of the ore concentrates from the deposit from 1933 to 1967 was
17,450 tons with the average grade of 42 percent Mn and 2,300 tons with the average
grade of 76 percent MnO, (NamBU, TANIDA and KuMaGal, 1969).

3.2. 5 The silicate-ore deposits

Manganese deposits of this type occur within 2km or in the roof pendants of early
Cretaceous granitic intrusions. In the Kunohe area the deposits are Shimizugawa, Himega-
mori, Kujihira and Taki. Shimizugawa is located 1 km east from the Numabukuro body.
Himegamori and Kujihira are in the roof pendant of the Hashikami body. Taki is about
2km west of the Hiraniwa body. Outside of the area, there occur Noda-Tamagawa,
Tanohata, Hijikuzu and others. Noda-Tamagawa and Tanohata are located near the
Tanohata body. Hijikuzu is near the Miyako body.

The Iwaizumi Group and other formations containing the deposits of this type were
thermally metamorphosed by the intrusions to the grade of, at least, hornblende-hornfels
facies.

The silicate ore consists mainly of coarse-grained rhodonite and tephroite associated
with spessartine, manganese amphiboles, manganese micas, rhodochrosite, hausmannite,
pyrophanite and other high-temperature minerals. Grains of the minerals vary from 0.2 mm
to more than 2 mm in diameter and are more than ten times as much as those of the
carbonate ore in the diameter.

Rhodonite and tephroite ores are constituent in the silicate ore. The rhodonite ore
contains about 35 percent Mn, 0.6—2 percent Fe, about 46 percent SiO, and about 0.04
percent P. The tephroite ore is composed mainly of tephroite associated with hausmannite
and manganese micas in various amounts. This ore contains 46-52 percent Mn, 0.2-4
percent Fe, about 30 percent SiO, and 0.01-0.1 percent P.

Boundary between the rhodonite ore and the tephroite ore is sharp. At the boundary
there occur several minerals: bementite (Shimizugawa), spessartine (Himegamori and
Noda-Tamagawa), bustamite (Noda-Tamagawa; Plate 16-2) and rhodochrosite (Taki;
Plate 16-3). Coarse-grained rhodonite occurs as veinlets along the contact (Taki;
Plate 16-3). In many cases the grains of the minerals decrease in size (less than
0.1 mm) within 1-5 mm from the boundary.

As a typical silicate-ore deposit, the Noda-Tamagawa deposit will be shown in the
following paragraphs, although this deposit is located outside of the Kunohe area.

Noda-Tamagawa is located at Tamagawa of Noda Village 16km southeast of Kuji.

The deposit occurs in a formation of undefined Iwaizumi Group at the eastern end
of the Iwaizumi belt. The formation was highly metamorphosed by the intrusion of the
Tanohata granitic body, forming such metamorphic minerals as sillimanite, andalusite and
cordierite in the host rocks of the deposit.

This deposit is the largest among the manganese deposits in the Kitakami Moun-
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Fig. 11 Zonations of ores in the Noda-Tamagawa deposit.
The data obtained by Shin-Kogyokaihatsu Co., Ltd.

tains. It is made up of several ore bodies: Misago, Kirihata and Maida.

* The largest Misago ore body is 1,200 m long in strike direction, 500 m long in dip
direction and 0.5-2 m thick. The ore body strikes N.10°-20°E. and dips westerly at very
high angles or vertically. It plunges southwestward at 45° in parallel to the axis of the
minor folding.

The primary ores are mainly rhodonite ore, tephroite ore, hausmannite ore and
pyrochroite ore. The rhodonite ore is associated with a small amount of spessartine. The
tephroite ore is associated with manganobarian phlogopite and hausmannite. The hausman-
nite ore is associated with tephroite, manganobarian phlogopite and kinoshitalite. The
pyrochroite ore is associated with rhodochrosite. :

The ores are arranged with a symmetrical zoning from both walls to the central part
of the ore body as shown in Fig. 11. The silica content of the ores decreases from about
40 percent to about 5 percent toward the central part of the ore body. The silica com-
ponent was introduced from the siliceous walls into the ores in the course of the pyro-
metasomatism (WATANABE, 1959).

The Misago ore body is intersected by a granitic intrusion. The contact is seen at
a working face of N7 of 8th level, —220 m from the adit level. A reaction rim of about
1 cm wide develops along the boundary between the ore body and the intrusion. The rim
is composed mainly of dannemorite, potassium feldspar and quartz as shown in Plate 14-2
(Yosan and KoMURa, 1971).

The footwall of the ore body is hornfels of bedded chert. The hanging wall is hornfels
of massive chert.
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Table 11

Manganese Ore-Minerals in the Kunohe Area.

Ore
mineral

Deposit

Primary ore

Oxidized ore

Jacobsite.
Braunite
Mangancalcite
Alleghanyite
Tephroite

Pyrophanite
Alabandite

Mn-phlogopite
Galaxite

Dannemorite
Stilpnomelane
Piedmontite
Neotocite

Crypotmelane
Hollandite

Birnessite
Manjiroie
Todorokite
Manganite

Imoya
Tsunagi

O | Hausmannite
w | Rhodochrosite

I
|

O
@]

O O | Rhodonite

© | Pyroxmangite
O | Spessartine
O | Bementite

I

l

| Nsutite

@ W | Pyrolusite

Kohare
Takamatsu
Yanosawa
Mikkamachi
Makado
Tsuboana
Shimizugawa

W W

| ® & W

Kannon
Takamine
Kogarumai
Taiho
Kotamagawa
Ono

Goto
Funakozawa
Tachikawa
Nagakura
Himegamori
Kujihira

WwWw oW wWw |

Kunohe
Ohata
Yamagata
Yokochi
Kitakami
Hinosawa
Kawai
Daini-Asahi
Takinosawa
Misawa
Oguni
Toyokuchi
Oyukiya

|
tw

Kayatai
Sainokami
Kurano
Okami
Taki

ww» | W

A: dominant,

B: major, C:

aceessory
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Table 12 X-ray Powder Data of Tephroite.

No. 5-1426T 11-31303T 7-706T
Locality Himegamori Taki Noda-Tamagawa
hkl d (&) I
020 5.29 5.28 5.29 25
021 4.03 4.03 4.03 45
101 3.84 3.84 3.84 13
111 3.61 3.61 3.61 45
120 3.59 3.58 3.59 10
002 3.12 3.12 3.11 22
130 2.86 2.86 2.86 72
022 2.69 2.69 2.68 " 20
040 2.65 2.66 2,65 5
131 2.60 2.60 2.60 100
112 2.55 2.55 2.55 72
041 2.44 2.44 2.44 15
210 2.38 2.38 2.37 18
122 —_ 2.35 2.35 22
140 2.33 2.33 2.32 25
211 2.228 2,222 2.223 10
132 2.112 2.109 2.106 2
150 1. 946 1.943 1.942 10
113 — 1.884 1. 880 8
151 1.858 1.854 1. 854 2
222 1.811 1.807 1. 805 72
240 1.798 1.795 1.793 10
241 1.728 1.724 1.723 18
061 1. 700 1.697 1. 697 10
1. 685 1. 681 1. 680 18
1.652 1. 649 1.648 10
1.638 1.636 1.634 3
1.562 1.559 1.558 18
1.538 1.536 1.537 20
1.447 1. 445 1. 446 15
1.442 — — 2
1.433 1.430 — 2
1.395 1.391 1.392 2
Conditions:

Mn filtered Fe radiation (1=1.9860A for Kay) at 30kV and 10mA; slits 1°, 0.15mm, 1°;

26 0.25°/min.; 800cpm., time constant 2 sec.; goniometer radius 150mm.

The production of the ore concentrate from 1942 to 1973 was 475,300 tons with
the average grade of 34 percent Mn. This is 54 percent of the total manganese metal
produced from the Kitakami Mountains (Table 3).

3.2. 6 Ore mineralogy

Manganese ore minerals from the area are listed in Table 11. Major ore minerals

are described in the following paragraphs:
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Table 13 Chemical Analyses of Tephroite.

No. 5-1426T 11-31303T 7-706T
Locality Himegamori Taki Noda-Tamagawa
SiO, 29. 68 29.85 30.17
TiO, 0.02 0.02 0.02
Al,O4 0.19 - 0.26 0.32
Fe, 03 0.58 0.20 0.23
FeO 0.78 0.07 1.25
MnO 66.92 65.07 63.71
MgO 0.59 3.41 3.73
Ca0 0.30 0.32 0.13
Na,O 0.01 0.01 0.02
K0 0.01 0.01 0.01
P,0; 0.02 0.22 0.05
H,O0+ 0.20 0.22 0.13
H,0- 0.16 0.18 0.15

Total 99.46 99. 84 99.92

Numbers of Ions on the Basis of 4 Oxygens

Si 0.998 1.002 0.989] 1001
Al 0.008 0.010 0.012)
Ti 0. 001 0. 001 0.000
Fes+ 0.015 0. 005 0. 006
Fe2+ 0.022 0. 002 0,034
Mn 1. 906 1.851 2.006
. .05
Mg 0.030 1.995 0.171 2.051 0.182] 1.992
Ca 0.011 0.004 0. 000
Na 0.001 0.001 0.001
K 0.000 0. 000 0. 000
P 0.001 0. 006 0. 000
Refractive Indices
a 1.780 1. 770 1.773
T 1.810 1.780 1.782

Analyst: Kenjiro MAEDA.

Rhedochrosite is the major consituent of the carbonate ore. It occurs also as veinlets
cutting the ores and as pseudomorphs replacing other minerals in many cases.

In the carbonate ore this mineral has granular and anhedral forms of 0.04-0.2 mm
in size. In some cases it occurs as spherulitic (Sainokami) or foliated (Takamatsu)
aggregates up to 1 mm. Coarse-grained pink crystals of more than 1 mm occur in
Shimizugawa.

Hausmannite occurs both in the carbonate ore and the silicate ore.

In the carbonate ore this mineral is a constituent of the high-grade ore, especially
Chocolate ore, and is mixed with rhodochrosite in various ratios. This mineral occurs as
aggregates of fine-grained (about 0.02 mm) granular crystals, The aggregates have layered

27—(315)




#OH A E OB WM OE20% %5 E)

Table 14 X-ray Powder Data of Rhodonite.

No. 1 2 3 4 5 6
hkl d &) I
110 7.11 7.14 7.14 7.14 707 | 7.09 35
001 6.67 6.70 6.67 6.71 6.64 6. 64 5
}é}} 4.71 4.78 4.78 4.78 4.75 4.75 8
121 _ 4.14 4.12 4.13 411 .| a1l 5
%gg} 3.82 3.82 3.83 3.82 3.79 3.81 2
200 3.67 — — — 3.68 3.68 2
220 3.56 3.56 3,57 3.57 3.54 3.55 100
211 = = 3.42. 3.42 — 3.41 0.5
131
ooz} 3,35 3.34 3.34 3.34 3.33 3.33 30
121
131 3.26 3.28 3.26 3.26 3.25 3.27 5
012
102} 3.14 3.15 3.14 3,14 3.13 3.13 25
201
21 »
130} 3,08 3.09 3.09 3,09 3.08 3.08 35
330
gg 2.97 2.97 2.98 2.98 2.96 2.97 50
140 2.93 2.9 2.93 2.94 2.93 2.92 12
122 = 2.81 2.81 2.81 2.81 2.82 5
231 2.78 2.79 2.79 2.79 2.78 2.78 5
112 2.76 2.77 2.7 2.76 2.75 2.75 10
141 - 2.65 — 266 2.65 2.65 1
212 -
0§2} 2.60 2.60 2.60 2,60 2.59 2.59 10
132 — 2.54 2.55 — — 2.54 0.5
21 2.51 2.51 2.52 2.52 2.50 2.51 15
2.46 2.46 = = = 2.45 0.5
2.37 2.37 2.38 2.38 2.36 2.37 8
2,314 2.317 2.325 = = 2,320 0.5
2,284 — _ 2.279 — 2.271 0.5
2.223 2.227 2.226 2.226 2.220 2.223 5
2.179 2.183 2.180 2,182 2.178 2. 177 10
_ 2,158 — 2,158 - 2. 154 1
2.117 2,119 — 2119 2. 114 2113 2
— — — ~ 2,083 2,092 2
2,067 2,070 2.070 2,070 2. 062 2. 063 2
1.895 1895 |  — 1,899 1.891 1.895 2
1.860 — 1.870 1.870 1.860 1. 864 1
1.818 — 1,825 = = = 0.5
1777 — 1,784 — — 1.779 10
1. 696 1.697 1.697 — 1. 694 1. 694 2
— 1. 690 _ 1.691 1687 1. 687 2
1. 665 1. 667 1. 666 1. 666 1. 663 1. 663 5
— — — — 1.632 1.638 0.5
1. 586 — — — 1. 587 1.588 0.5
= 1.547 — 1,549 1. 545 1. 545 20

Locality (specimen number): 1. Shimizugawa (7-9051R), 2. Funakozawa (7-9018R), 3. Himega-
mori (5-1426R), 4. Kayatai (11-902R), 5. Noda-Tamagawa (7-706R), 6. Noda-Tamagawa (8-601R).

Conditions: Mn filtered Fe radiation (2=1.93604 for Kaj) at 30kV and 10mA; slits 1°, 0.3mm, 1°;
20 1°/min., 400-800 cps., time constant 1-2 sec. goniometer radius 150mm.
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Table 15 Refractive Indices of Rhodonite, Pyroxmangite and Nambulite.

inersl and : ’ ’
Rhodonite
7-9051R Shimizugawa 1.725 1.730 1.739
11-31303R Taki 1.721 1.726 1.732
5-1426R Himegamori 1.717 1.722 1.728
7-710R Noda-Tamagawa (Kirihata) 1.720 1.724 1.731
7-706R Noda-Tamagawa (1.9-S2) 1.720 1.725 1.732
8-601R Noda-Tamagawa (L8-N1) 1.721 1.727 1.733
9-9518R Tanohata 1.722 1.728 1.735
7-9018 Funakozawa 1.724 1.728 1.736
Pyroxmangite
11-15303P Kohare 1.731 1.738 1.748
9-120P Taki 1.723 1.728 1.738
11-52001P Hijikuzu 1.739 1.743 1.756
Nambulite
7-9013 Funakozawa 1.707 1.710 1.730

or oolitic texture with association of rhodochrosite and tephroite. The mineral is dark
brown in-hand specimens and dark reddish brown to almost opaque in thin section.

In the silicate ore this mineral is coarse-grained (0.2~0.4 mm). It is brownish black
with brown streak in hand specimens and dark reddish brown and pleochroic in thin
section. In the Noda-Tamagawa deposit it occurs inner part of the ore bodies and is
associated with tephroite, manganese micas and rhodochrosite (Plate 15-1; Plate 18-3;
Plate 19-1 and 2).

Braunite is the constituent of the braunite ore. This mineral is iron black with sub-
metallic luster and black streak in hand specimens. Grain size is very fine. In some
cases the mineral is associated with such oxidized minerals as pyrolusite and cryptomelane
in the ore (Kannon, Kotamagawa and Yamagata).

Tephroite occurs in both the carbonate ore and the silicate ore.

In the carbonate ore this mineral occurs as granular forms in grain sizes of 0.01-
0.02 mm. It is associated with rhodochrosite and hausmannite. .

In the silicate ore this mineral is the most important constituent forming the tephroite
ore. The mineral is associated with manganese micas and hausmannite. The mineral
usually has anhedral form (Plate 14-3) and in some cases colloded form (Plate 15-1).
The grain sizes are 1 mm to more than 2 mm. The mineral is dark gray in some cases
with greenish tint in hand specimens. It is colorless and little pleochroic and occasionally
shows wavy extinction in thin section (Plate 15-2).

The X-ray powder data are shown in Table 12. The chemical analyses and the
refractive indices are shown in Table 13.

Rhodonite occurs in both the carbonate ore and the silicate ore. In many cases it
occurs as veinlets in the ores (Funakozawa, Imoya and others).

" In the carbonate ore this mineral occurs in comparatively low-grade ore. It ismixed
with quartz in various ratios. The grain size is around 0.05 mm, and in some cases it is
hard to distinguish the mineral from tephroite in thin section. '
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Table 16 Chemical Analyses of Rhodonite and Nambulite.

Mineral Rhodonite Nambulite
No. 7-T06R 8-601R 7-9018 7-9013
Locality Noda-Tamagawa Funakozawa
Sio, 45,82 45.73 46.70 49,23
TiO, 0.02 0.02 0.01 0.01
Al,O, 0.91 0.50 0.15 0.37
Fe,0; 0.64 1.00 0.47 ) 0.40
FeO 0.18 1.58 — —
MnO 45.48 43,30 45.87 42,00
MgO 2,82 1.45 1.54 1.32
CaO 3.24 4.88 4.57 0.81
Li,O — — — 1.31
Na,O 0.01 0.01 0.01 2.20
K,O 0.01 0.01 0.01 0.04
P,0; 0.07 0.10 — 0.02
H,0+ 0.37 0. 66 0.18 1.63
H,0- 0.20 0.38 0.11 0.26
CO, 0.00 0.28 — 0.19
Total 99.77 99.90 99.62 \ 100. 10

Numbers of Ions on the Basis of 15 (O, OH).

S| e | e | o
: : - 0191 5 000 0.026
Ti 0.002 0.002 0.001 0. 001
Fes+ 0.051 0.081 9-024 0.031
Fez+ 0.016 0.143 — — 3,857
Mn 4.112 3,924 4.123 3. 600
Mg 0.449| 0.234| o 0.244 0.199
Ca 0.371 0. 565 0.520 | 4.905 0.088
Li — — — 0.533
Na 0.002 0.002 0.003 0.432| o
K 0.001 0.001 © 0.002 0.005
P " 0.006 0.010 0.000 0.002

Analyst: Kenjiro MAEDA.

In the silicate ore this mineral is one of the constituents. It is rose pink to brownish
red in hand specimens. It is colorless and little pleochroic in thin section. The mineral
usually has granular form (Plate 15-3) and also has prismatic form (Plate 16-1). The
grain sizes are 0.15 mm to more than 2 mm.

The X-ray powder data are shown in Table 14. The refractive indices are shown in
Table 15. The chemical analyses are shown in Table 16.

Pyroxmangite occurs as veinlets in the carbonate ore (Imoya, Takamatsu, Yanosawa,
Kohare and Kunohe) and the silicate ore (Taki). This mineral occurs also as one of the
constituents of the silicate ore in the Hijikuzu deposit.

This mineral is pink in hand specimens. It is colorless and little pleochroic in thin
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section. The crystals from the veinlets have prismatic form (Plate 17-1 and 2) and those
from Hijikuzu have granular form. The grain sizes are 0.3—1 mm in length for the
former and up to 5 mm for the latter. The refractive indices of the mineral are shown
in Table 15. The X-ray powder data and the chemical analysis for the specimen from
Hijikuzu are shown in Tables 17 and 18, respectively.

Nambulite occurs as veinlets in the braunite ore of the Funakozawa deposit. It is
associated with rhodochrosite, neotocite and albite. This mineral is reddish brown with
orange tint in hand specimens. It is colorless and little pleochroic in thin section. It has
prismatic form (Plate 17-3). The grain size is up to 8 mm. The mineral is similar to
rhodonite in thin section and is distinguished from the latter by lower optical axial angle
(2Vz = 30°) and X-ray powder patterns (YosHH et al., 1972). The X-ray powder data

Table 17 X-ray Powder Data of Pyrox- Table 18 Chemical Analysis of Pyrox-
mangite from the Hijikuzu mangite from the Hijikuzu
Deposit. Deposit.

Q

hkl d (A) I a b
110 6.89 5
001 6.58 6 SiO, 46.01 Si 6.936
111 4.70 13 Tio 0.04
) i . Al 0.034
5‘1‘? ; gg ; Al(; 0.19 Ti 0. 005 0%
220 3.45 100 23 : ! :
220 3.34 4 Fe,0 1.03 | Fes+ [0.025
211 3.31 8 2 [0-092
041 3.27 2 FeO 9.82 Fe2+ 1,238
141 3.21 4
201 317 2 MnO 39,32 Mn 5.021
230 3.12 25
141 3.08 3 MeO L4 Mg 0320 ¢ og)
211 3.07 3 CaO 1.86 Ca 0. 300
230 3.02 20
221 3.00 2 Na, O 0.01 Na 0.003
141 2.94 40
— 593 3 K,0 0.01 K 0.002
231 2.86 3 P,0;s 0.03 | P 0.004

2.82 5

2.80 2 H,O0+ 0.20

2.75 3

2.67 10 H,0- 0.06

2.63 12

2.49 8

2 46 3 Total 100.10

2.30 20 Woent B .

a: €elg! ercentage.
g' %25 1(5) b: Numbers of Ions on the Basis of 21
Oxygens.

2.060 10

2.042 3

1.716 2

1.570 1

1.484 1

1.415 5

Conditions: Mn filtered Fe radiation (2=
1.9360A for Kay) at 30kV and 10mA; sslits 1°,
0.15mm, 1°; 26 0.25°/min.; 800cpm, time
constant 2seec.; goniometer radius 150mm,
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Table 19 X-ray Powder Data of Nambulite.

hkl d (&) I hkt d (A) I
110 7.11 25 322

001 6.70 25 §20J)’ 2.51 15
020 5.62 10 132 2,49 30
Tol 5.21 15 122 2.41 10
11 4.75 15 330 2.38 5
021 222 2.37 10
121} 4.13 10 2.246 15
121 2.241 20
120 3.92 10 2.221 30
220 3.56 20 2.198 45
121 3. 54 35 2.177 10
131 2.166 10
002} 3,34 40 2.071 10
201 2,041 10
on2 3.27 10 1,996 15
102 1.847 35
031} 3.17 65 1.814 5
012 3.14 45 1.698 25
112 3.09 55 1. 695 25
21 3.07 60 1.675 20
201 3.05 10 1.670 35
113 3.0l 30 1.637 10
022 2.97 80 1.592 15
112 2.96 100 1.577 15
140 1.547 5
102} 2.92 0 1,460 10
122 2.81 10 1.417 10
12 1.414 25
220} 2.7 35 1.409 15
21 2.62 40 1.406 15

Conditions: Mn filtered Fe radiation (1=1.93604 for KKa1) at 30kV and 10mA; slits 1°, 1°, 0.1mm.;
26 0.25°/min.; 800cps.; time constant 4 sec, goniometer radius 185mm,

are shown in Table 19. Structurally this mineral is more similar to babingtonite rather
than rhodonite (NARITA et al., 1975). The refractive indices are shown in Table 15. The
chemical analysis is shown in Table 16.

Damnemorite occurs in both the carbonate ore (Takamatsu, Yanosawa and Yamagata)
and the silicate ore (Kayatai and Noda-Tamagawa). This mineral is associated with
rhodonite, spessartine, manganese micas, quartz and rhodochrosite. The mineral is gray
with brownish tint in hand specimens. It is almost colorless and little pleochroic in thin
section. It has fibrous form. The grain size is 0.1-0.4 mm long (Plate 18-1). In the
Noda-Tamagawa deposit this mineral occurs at the contact of the rhodonite ore and a
granitic intrusion (Plate 14-2).

Stilpnomelane occurs as veinlets in the silicate ore of the Kayatai deposit. This
mineral is brown in hand specimens. It is yellow to brown and is strongly pleochroic in
thin section. The mineral has tabular to fibrous form. The grain size is around 0.3 mm
(Plate 18-2).

Manganoan phlogopite occurs in the braunite ore (Yanosawa, Funakozawa and Yama-
gata) and the silicate ore (Kayatai). This mineral is brown in hand specimens. It is
very pale brown and weakly pleochroic in thin section. The grain size is 0.03-0.2 mm
long.
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Table 20 X-ray Powder Data of Manganobarian Phlogopite and Kinoshitalite from the
Noda-Tamagawa Deposit. .

No. 1 2 3 4 5 6

Kl |d A I d 1 d I d I d I d I

001 10.11 1,400 | 10.05 860 | 10.10 850 | 10.10 670 |10.05 410 | 10.11 90
002 5.07 16 5.04 6 5.04 25 5.05 16 5.04 50 5.05 95

111 — — — 3.95 2 3.95 2 3.96 3
112 — 3.67 4 3.68 3 3.69 5 3.68 5 3.68 5
003 3.38 620 3.36 460 3.37 510 3.37 390 3.36 320 3.37 190
013
112} 3.17 5 3.16 8 3.17 10 3.17 15 3.16 12 3.16 10
113 2.94 6 2.93 8 2.94 12 2.94 13 2.93 10 2.93 10
1

22} 2.73 5 2.72 8 2.72 5 2.72 10 2.72 7 2.72 8
023

200 2.63 3 2.62 3 2.64 5 2.63 7 2.63 5 2.63 5
004 2.53 92 2.52 75 2.53 110 2.53 85 2.52 90 2.52 100

201 — 2.44 3 2.45 3 2.45 3 2.45 2 —

211 — — — — — 2.37 2
202 2.194 2 2.181 3 2.1890 5 2.187 7 2.184 5 2.183 5
005 2.029 100 2.018 100 2.023 100 2.021 100 2.020 100 2.020 100
006 1.691 30 1.682 20 1.686 27 1.685 20 1.684 24 1.684 30
060 1.551 5 1.543 5 1.548 8 1.546 12 1. 546 7 1.546 7
007 1.449 20 1.442 13 1.446 12 1.445 9 1.444 7 1.442 4
207 1.376 5 1.369 6 1.373 7 1.371 10 1.371 4 1.371 3

Nos. 1-5: manganobarian phlogopite, no. 6: kinoshitalite.
Conditions: Ni filtered Cu radiation (1=1.5405A for Kay) at 20-30kV and 6-10mA; slits (1/6)°-1°,
0.3mm, (1/6)°-1°; 28 0.25°/min., 400-1000cps.; time comnstant 1-2 sec, Goniometer radius 150mm.

Manganobarian phlogopite occurs in the Noda-Tamagawa deposit. This mineral is
associated with tephroite and hausmannite (Plate 18-3; Plate 19-1).

In hand specimens this mineral is brown. It is also dark brown with purple tint for
manganese-rich specimens and light yellowish-brown for barium-rich specimens. In thin
section it is very pale brown to pale brown and weakly pleochroic with the absorption
of X <Y =Z. The specimens with abundant manganese and trivalent iron components
show ‘reverse pleochroism” with the absorption of X > Y = Z (YosHn and MAEDA, 1975).
The mineral is tabular. The grain size is up to 2 mm.

The X-ray powder data are shown in Table 20. The cell parameters and the physical
and optical properties are shown in Table 21. Chemical analyses are shown in Table 22.

Kinoshitalite occurs in the Noda-Tamagawa deposit. This mineral is associated with
tephroite and hausmannite in one case and is associated also with celcian, quartz,
rhodonite, chalcopyrite and pyrrhotite in another case. The mineral is yellowish brown
in hand specimen. It is very pale brown to pale brown and weakly pleochroic with the
absorption of X <Y =Z in thin section (Plate 19-2). The mineral is tabular and
brittle. The grain size is up to 1 mm.

This mineral is much similar to manganobarian phlogopite both in hand specimens
and in thin section and is distinguished from the latter by the lower birefringence and
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Table 21 Cell Parameters and 'Physical and Optical Properties of Manganobarian Phlogopite
and Kinoshitalite from the Noda-Tamagawa Deposit.

No. 1 2 3 4 5 6
Cell parameters
ag (K) 5.350 5.326 5.355 5.349 5.334 5.345
be 9.307 9.257 9.288 9.274 9.274 9.250
Co 10.30 10,25 10.27 10.27 10.26 10.26
B 100°0’ 100°0’ 99°58” 99°55” 99°55* 99°59”
Specific gravity
Calc. 3.03 3.01 3.09 3.07 3.18 3.32
Obs. 3.03 3.00 3.07 3.06 3.17 3.30
Optical properties
o 1.599 1.575 1.596 1.589 1.621 1.619
B 1. 645 1. 608 1.634 1. 624 1. 639 1. 633
7 1. 646 1.612 1.635 1.624 1. 641 1.635
r-a 0. 047 0. 037 0.039 0.035 0.020 0.016
2Vx 38° 53° 13° o300 25° 23°
Absorption X>Y=Z X<Y=Z X>Y=Z X<Y=Z X<Y=Z X<Y=Z
Nos. 1-5: manganobarian phlogopite, no. 6: kinoshitalite.

weak 001 and strong 002 reflections on the X-ray diffraction (YosHII et al., 1973; YosHII,
Tocasa: and MAEDA, 1973; Yosuir and Maepa, 1975). The data of this mineral are
compared with manganobarian phlogopite in Tables 20, 21 and 22.

Spessartine occurs in both the carbonate and the silicate ores. This mineral is asso-
ciated with rhodochrosite, tephroite, rhodonite and manganese micas. The mineral is honey
yellow to gray in hand specimens. It is colorless in thin section. It has euhedral and
granular form. The grain size is 0.02-0.08 mm in the carbonate ore and 0.2-0.4 mm in
the silicate ore.

In the Taki deposit a “spessartine rock” occurs. It is gray in hand specimens and is
composed mainly of spessartine associated intergranularly with bementite in thin section
(Plate 19-3).

Bementite occurs as veinlets and pools in the carbonate ore (Takamatsu, Shimizugawa
and Kunohe) and in the silicate ore (Kayatai and Taki). This mineral is brown in
hand specimens and colorless to very pale brown in thin section. It is fibrous. The grain
size is 0.01-0.06 mm.

Alleghanyite occurs in the carbonate ore. This mineral is associated with rhodochrosite
and galaxite (Shimizugawa, Kayatai and Sainokami).

“hand specimens.

The mineral is reddish brown in
It is colorless in thin section. The crystals are hemihedral and pris-
matic and are usually twinned. The grain size is 0.15-0.4 mm (Plate 20-1).

Galaxite occurs in the carbonate ore (Shimizugawa, Sainokami and others). This
mineral is golden yellowish brown, euhedral and granular in thin section. The grain size
is about 0.02 mm (Plate 20-2).

Pyrophanite occurs in the silicate ore. This mineral is associated with tephroite and
rhodonite (Shimizugawa, Himegamori and Noda-Tamagawa). This mineral is brown to
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Table 22a Chemical Analyses of Manganobarian Phlogopite and Kinoshitalite from the
Noda-Tamagawa Deposit.

No. 1 2 3 4 5 6
SiO, 35.65 37.86 34. 10 33,69 29.12 24.58
TiO, 0.44 0.36 0.71 0.33 0.16 0.16
Al,O, 12.70 12.06 13.89 15.58 21.19 22.06
Fe, O3 2.35 1.34 1.76 0.95 0.69 0.71
Mn,Os 3.11 3.54 3.19 3.44 3.55 3.24
FeO 0.04 0.04 0.04 0.04 0.04 0.04
MnO 14,61 7.59 11.85 8.76 7. 60 7.38
MgO 15.15 20. 15 16. 59 19.23 17.56 16. 60
CaO 0.05 0.04 0.05 0.03 0.05 0.05
BaO 1.93 3.56 6.03 6.79 11.05 17.85
Na,O 1.25 2.16 0.58 0.49 0.56 0. 68
K,0 8.60 7.62 7.39 7.24 5.63 3.30
F 0.15 0.39 0.14 0.33 0.27 0.21
H,Ot 3.69 3.12 3.27 2.96 2.20 2.90
H,;0~- 0.18 0.20 0.15 0.18 0.18 0.20
Total 100. 90 100. 03 99.76 100. 04 99.85 99. 96
— (Fy=0) 0.06 0.16 0.06 0.14 0.11 0.09
Total 99. 84 99. 87 99.70 99.90 99.74 99. 87

Nos. 1-5: manganobarian phlogopite, no. 6: kinoshitalite.

Analysts: Kenjiro MaEpA (except F), Minoru YosHIDA (F in nos. 1-5) and Kozo NagasmimMa (F

in no. 6).

Table 22b Numbers of Ions of Manganobarian Phlogopite and Kinoshitalite on the Basis
of 12(0,0H,F)

No. 1 2 3 4 5 6
Si 2.748 2.857 2.673 2.613 ] 4000 | 2 334} 4000 | 2 052] 4000
Al | 1sa | 073 1 284 (3 (L g (1938
1541 4 000 | 1073 | 4.000 | 1284 4. 000 |L0.037 0.336 0.223
Ti 0.025 0.020 0.02 0.019 0.010 0.010
0.073 0. 050 0. 00
Ferr {0063 (0. 026 (0: 703 0.055 0.041 0.045
Mn3+ | 0.183 0.203 0.190 0.203 | 3115 0.217| 3,221 { 0.206 | 3. 074
Fer* | 0.003 | 5 943 | 0.003 | 2 983 | 0.003 | 3.021 | 0.003 0.003 0.003
Mn2+ | 0.954 0. 485 0.787 0.576 0.516 0.522
Mg 1.740 2.266 1,938 2.222 2.098 2.065
Ca 0.004 0.003 0. 004 0.002 0.004 0.005
Ba 0.058 0.105 0.185 0.206 0.347 0.584
1.095 1.158 1.016 0.998 1.014 1.051
Na 0.187| "% | 0.316 0.088 0.074| %% | 0.087 0.110
K 0. 846 0.734 0.739 0.716 0.576 0.352
OH 1.897 1.570 1.709 1.531 1. 176 1.615
1.934 1. 663 1,744 1.612 1.244 1.670
F 0. 037} 9341 0,093 ] 0. 035] 441 0. 081 ] 0. 068J 2440, 055]
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reddish brown and short prismatic in thin section. The grain size is about 0.02 mm
(Plate 20-3).

3.2. 7 Wall rocks

A striking feature of the Paleozoic and Mesozoic bedded manganese deposits in
Japan is their association with chert. Most of the wall rocks of the manganese deposits
in the Kunohe area are also chert. It occurs in both the footwall and the hanging wall of
46 out of 48 deposits in the area. Twenty three deposits have massive chert in their
footwall, and 10 deposits have massive chert in the hanging wall. Bedded chert forms
the hanging wall of 38 deposits and the footwall of 30 deposits. In some deposits mafic
tuff and tuffaceous slate form the hanging wall (Funakozawa, Kohare and others). The
wall rocks of the deposits in the area are shown in Table 5.

Bedded chert of the wall rocks is light gray, dark gray, red, purple, brown and
green. Red chert is common in the braunite-ore deposits occurring within 2 to 10m
from the ore bodies. The bedded chert contains intercalations of silty or tuffaceous matter
of 1-5 mm thick alternating every 3—15 cm. The chert is composed mainly of very fine-
grained quartz with various amounts of clay minerals, hematite (in case of red chert)
and clastic fragments. Occasionally the chert grades into silty, tuffaceous or limy chert.

Massive chert is mainly gray and red. Red massive chert is accompanied mostly by
the braunite-ore deposits. The massive chert is 0.5-2 m thick in most cases. It swells and
pinches in accordance with the thickness of the accompanied manganese ore body. The
massive chert is composed mainly of quartz. The red massive chert contains also hematite.
The ferric content of the red massive chert is higher than that of the braunite ore
(Table 8).

The bedded manganese ore bodies are usually conformable to the wall rocks. In
some cases the boundary between the ore body and the footwall is found to be undulated
with intervals of several meters, even when the ore body itself is not so much folded
(Takamatsu, Kotamagawa, Oguni and Sainokami).

Minor foldings are commonly observed in the wall rocks. In the northeastern part of
the area (on the eastern limb of the Magidai anticline) the axes of the minor foldings
generally trend N.10°-50°W. and plunge southward at 20°-70°. Several deposits have
other axes which trend N.40°-90°W. (or E.) and plunge northward at 43°-65°. In the
southwestern part of the area (on the western limb of the anticline) they trend N.40°-
80°W. (or E.) and plunge northward at 5°-50°. The shoots of the manganese ore bodies
in the area are generally in parallel to the plunge of the axes of the minor folding.
This feature is observed also in the similar type manganese deposits of other area
(HIROWATARI, 1966).

4. Discussion

It has been revealed in this study that the bedded manganese deposits of the Kunohe
area are concentrated in the Jurassic Seki Formation which is most abundant in chert
among the formations of the Iwaizumi Group.

The fact that the bedded manganese deposits are concentrated in specific chert-rich
formations in sedimentary basins has also been known in several other areas: the North
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Kitakami belt (YosHDA and KaTADA, 1964), the Ashio massif of Central Japan (WATANABE,
1957; WATANABE et al., 1957; FusiMoTo, 1961; WATANABE et al., 1970a), and the Tamba
belt, Inner zone of Southwest Japan (Sakacuchi, 1961; ImoTo, 1966). The manganese
deposits of the Kunohe area as well as the areas cited above are accompanied con-
formably by chert in most cases. They are underlain mostly by massive chert (YosHI-
MURA, 1952; WATANABE, 1957; HirRowaTARI and TAKEDA, 1962b; Imoro, 1966; 1967).
Dimensions of the manganese deposits seem to have some correlation with the volume
of the accompanying chert (YosBIMURA, 1952; Imoto, 1967). Therefore the chert is
believed to have genetic relation to the bedded manganese deposit.

In general, siliceous matter is hardly precipitated in inorganic processes from normal
sea-water because it is undersaturated with silica (Krauskoprr, 1956b). Bedded chert
contains many fossils and is assumed to be formed in organic processes (Nakao, 1969;
ImoTro and TakasHasHI, 1972; Imoro and Sarro, 1973; Imoro and Fukurtomr, 1975).
Organisms with silica crust are known to flourish where the amount of volcanic matter is
increased in sea-water (KANMERA, 1968). Therefore the deposition of bedded chert may
indicate the prevalence of submarine volcanism in the sedimentary basin concerned.

Massive chert intercalating the manganese deposits is seen to swell and pinch in
accordance with the thickness of ore body. The massive chert contains few fossils (ImoTo
and TAKAHAsHI, 1972) and is assumed to be formed by submarine hydrothermal pro-
cesses caused by mafic volcanism (Iwao, 1962; 1970) with rapid precipitation (WATA-
NABE et al., 1970b). Miocene bedded manganese deposits related to intermediate to mafic
volcanism in the Green-tuff areas of Inner zone of Northeast Japan are also accompanied
by siliceous rock (YOSHIMURA, 1952; MORITANI, 1963), and the dimensions of the deposits
vary roughly with the extent of this rock (YosHIMURA and Sasa, 1935; Dor and HARIvA,
1966; MoRrITANI, 1967), like the above manganese deposits.

Distribution of the braunite-ore deposits of the Kunohe area is in accordance with
that of the mafic volcanics. It is seen that several chert beds of the Seki Formation
containing the major braunite-ore deposits are interfingered with mafic volcanics developed
at the northern end of the area. Therefore it may be said that the mafic volcanism
have close relation to the manganese mineralization of this area. Although the carbonate-
ore deposits seem to hdve little direct connection to the mafic volcanics, their genetic
relation may be inferred from the close association between ore bodies and conformable
chert beds. In the Tamba belt, Western Honshu, the carbonate-ore type deposits of
presumably submarine hydrothermal origin occur concentrated in the area with little
volcanics (IMoTO, 1966).

It appears therefore that the bedded manganese deposits of the Kunohe area, which
are accompanied conformably by siliceous rocks and have occasionally spatial relationship
with mafic volcanic rocks, are formed by submarine hydrothermal activity related to mafic
volcanism as in the case of similar bedded manganese deposits from other areas in the
world (TALIAFERRO and HUDSON, 1943; WATANABE, 1957; HEWETT, 1966; 1972).

The sedimentary basin of the Iwaizumi Group in this area is thought to have been
comparatively shallow and not so large because the sediments contain coarse materials
with heterogeneous mineral composition. These geologic conditions may suggest the area
to have been in mildly oxidizing environment. Taking account of the physicochemical
conditions for stability of manganese compounds (ZoBELL, 1946; KRUMBEIN and GARRELS,
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1952; KRAUSKOPF, 1957; 1967; SOKOLOVA, 1962; GARRELS and CHRIST, 1965; Roy, 1968;
StasHCHUK, 1968; CRERAR and BARNES, 1974), it is inferred that the conditions of the
sedimentary basin of this area may have generally suited for forming many bedded
manganese deposits. Difference of the physicochemical conditions in the area may have
resulted in forming two types of deposits, the braunite-ore deposits and the carbonate-ore
deposits. The braunite-ore deposits may have been formed under comparatively oxidizing
conditions with abundant silica component, and the carbonate-ore deposits under less
oxidizing conditions (KRAUsSKOPF, 1957; 1967).

Manganese is mixed with iron in hydrothermal solutions coming from the depth and
is separated from iron in the processes of deposition according to the difference of
physicochemical properties between manganese and iron (KRAUSKOPF, 1956a; 1957;
BISCHOFF, 1969; BORCHERT, 1970; BONATTI et al., 1972). Manganese ores from the Kunohe
area contain iron with only small amount (average 1.5 percent and maximum 3 percent
of Fe).
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Fig. 12 Relation between geology and types of manganese deposits in the Kunohe area.
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The Iwaizumi Group of the Kunohe area were more or less thermally metamorphosed
by early Cretaceous granitic intrusions except the western part of the area as shown in
Fig 12. In the isograd of biotite hornfels metamorphism of the manganese ores is not
s0 apparent, but such minerals as spessartine, manganese micas, stilpnomelane, dannemorite,
galaxite and alleghanyite are found as the metamorphic minerals. It is common that the
ores are cut by veinlets of rhodochrosite, mangancalcite, rhodonite and pyroxmangite.

The silicate-ore deposits occur in the hornblende isograd of hornfels or much more
highly metamorphosed part. In some cases ores show a symmetrical arrangement of
minerals, and the silica content of the minerals decreases from the walls to the central
part of the ore bodies. From these the silicate-ore deposits are believed to have been
formed by introduction of silica component from the siliceous walls into the ores in the
course of the pyrometasomatism (WATANABE, 1957; WATANABE et al., 1970b).

In some cases the silicate-ore deposit contains a relic of the carbonate ore composed
of recrystallized rhodochrosite (Shimizugawa and others), indicating that the ores had been
originally the carbonate ores. However, it is unclear whether or not the braunite ore in
the area was also changed into the silicate ore by the thermal metamorphism. The
braunite ore seems to be more stable than the carbonate ore at high temperature, and
the braunite-ore type deposits are known to occur in both thermally and regionally
metamorphosed areas outside the Kitakami Mountains (YOSHIMURA, 1952; 1958; Miva-
HiSA, 1969; HIROWATARI, 1971).

The formation of the bedded manganese deposits of the Kunohe area will be con-
cluded as follows: Major manganese mineralization of the area was at the stage of
the Jurassic Seki Formation and was related to mafic volcanism, same as the bedded
manganese deposits from other areas in the world (WATANABE, 1957; TALIAFERRO and
HupsoN, 1943 and others). Two types of deposits, the braunite-ore deposits and the
carbonate-ore deposits, were resulted from different geologic conditions of the sedimentary
basin in the area. The deposits were then thermally metamorphosed into the silicate-ore
deposits by early Cretaceous granitic intrusions.

5. Summary

The study on the geology and the manganese deposits in the Kunohe area of the
North Kitakami Mountains is summarized in the followings.

1) The Triassic to Jurassic Iwaizumi Group in the Kunohe area consists of the
Kisawahata Formation, the Magidai Formation, the Sawayamagawa Formation, the Akka
Formation, the Seki Formation and the Kassemba Formation. They are all conformable
in the area. Thickness of the formations is much larger on the eastern limb of the
Magidai anticline with the exception of the Kassemba Formation which occurs only on
the western limb. Mafic volcanics are abundant also on the eastern limb of the anticline
but is rare on the western limb.

2) Bedded manganese deposits in the Kunohe area are concentrated mostly (more
than 80 percent) in the Seki Formation. Several deposits occur in the Kisawahata
Formation, the Magidai Formation and the Kassemba Formation. The Seki Formation is
characterized as the most chert-rich formation of the Iwaizumi Group.

3) The manganese deposits in the area are conformable to the wall rocks which
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comprise mostly chert. Massive chert is mostly found in the footwalls of the deposits
and is rather rare in the hanging walls. Beided chert occurs in both the hanging walls
and the footwalls, but it occurs rather in the former than the latter.

4) The manganese deposits in the area are classified on the basis of constituent ore
minerals into three types: the braunite-ore deposits, the carbonate-ore deposits and the
silicate-ore deposits.

5) The braunite-ore deposits consist mainly of braunite ore and are accompanied
characteristically by red chert. The deposits of this type are distributed mostly on the
eastern limb of the Magidai anticline in accordance with abundance of mafic volcanics.
The deposits may have been originated by the mafic volcanism developed at the northern
end of the area.

6) The carbonate-ore deposits consist mainly of fine-grained rhodochrosite with various
amounts of hausmannite, tephroite and rhodonite. The deposits of this type occur mostly
on the western limb of the Magidai anticline with little apparent relation to the mafic
volcanism. However they may have also genetic relation to the mafic volcanism because
their mode of occurrence is much similar to the braunite-ore deposits with the exception
of having no red chert.

7) The silicate-ore deposits consist mainly of coarse-grained manganese silicate ores
such as rhodonite ore and tephroite ore. The deposits of this type are products of thermal
metamorphism resulted by early Cretaceous granitic intrusions.
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Appendix

The brief descriptions of the manganese deposits in this paper are listed in the
followings. The data came mainly from Namsu, Tanma and Kumacar (1969) and Namsu
et al. (1973) in addition to the data from this study. References by other authors are at
the last line of each description.

Deposit numbers in Appendix and Figs. 1, 2 and 7 are given in the following manner:

1-70: Deposits in the Iwaizumi Group of the Kunohe area and the vicinity.
1-10: Deposits in the Kisawahata Formation.
11-20: Deposits in the Magidai Formation.
21-60: Deposits in the Seki Formation.
61-70: Deposits in the Kassemba Formation.

71-80: Deposits in undefined Iwaizumi Group.

81-90: Deposits in the Taro belt.

91-100: Deposits in the Kuzumaki area and the vicinity of the North Kitakami belt.

101-110: Deposits in the Kamaishi area of the North Kitakami belt.

111~ : Deposits in the Hayachine tectonic belt.

Deposits in the Kisawahata Formation

1. Imoya

This deposit is located at Matsuzaka of Yamagata Village, 4 km north of Kawai,

The "deposit consists of two ore bodies. They are 5-23 m long in strike direction and
0.1-0.3 m thick.

The primary ore of the deposit is the carbonate ore composed mainly of rhodochrosite,
hausmannite, rhodonite and small amount of spessartine. Pyroxmangite occurs as veinlets
in the ore. The oxidized ore is composed of pyrolusite and nsutite.

The wall rock of the deposit is bedded chert.

The production of the ores is unknown.

Reference: Nampu ef al. (1965d).

2.  Numabukuro

This deposit is located at Numabukuro of Yamagata Village, 2.5 km northeast of Kawai.
The deposit is 5-45 m long in strike direction and up to 0.2 m thick.

The ore of the deposit is the oxidized ore composed of pyrolusite and nsutite.

The wall rock of the deposit is bedded chert.

The production of the ore from 1942 to 1945 was 250 tons with unknown grade.

3. Tsunagi

This deposit is located at Tsunagi of Yamagata Village, 7 km east of Kawai.

The deposit is several ten meters long in strike direction and 0.2-0.3 m thick. The ore
body is much folded, and the exact dimension is unknown.

The ore of the deposit is mainly the oxidized ore composed mainly of pyrolusite. The
primary ore occurs in small amount. It is composed mainly of rhodonite, tephroite, jacobsite
and neotocite.

The footwall of the deposit is massive chert. The hanging wall is slate.

The production of the ores from 1941 to 1942 was about 100 tons with unknown
grade.

Deposits in the Magidai Formation

11. Kohare

This deposit is located at Aozawa of Karumai Town, 5.5 km southeast of Kogarumai.
The deposit is up to 40 m long in strike direction and 0.2-1m thick,

The ore of the deposit is mostly the oxidized ore composed of cryptomelane, manjirgite,
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pyrolusite, nsutite and birnessite. At the bottom of the deposit the primary ore occurs in
small amount. It is the carbonate ore composed mainly of rhodonite, tephroite and
rhodochrosite associated with small amounts of spessartine, jacobsite and mneotocite.
Pyroxmangite occurs as veinlets in the ore (Plate 17-1; Table 15). The chemical analysis
of the carbonate ore is in Table 9.

The footwall of the deposit is massive chert. The hanging wall is silty tuff.

The production of the ore concentrates from the deposit from 1943 to 1967 was
1,350 tons with the average grade of 38 percent Mn and 200 tons with the average grade
of 74 percent MnQO..

Reference: Svzukr et al. (1963).

12. Yamato

This deposit is located at Nakamura of Karumai Town, 6km south-southeast of
Kogarumai.

The deposit is 4.5-9.5 m long in strike direction and 1 m thick.

The ore of the deposit is the oxidized ore composed mainly of cryptomelane associated
with small amount of spessartine.

The wall rock of the deposit is bedded chert and massive chert.

The production of the ore is unknown.

13. Tengu

This deposit is located at Tengu of Karumai Town, 7 km southeast of Kogarumai.

The deposit is 40-50 m long in strike direction and up to 0.1 m thick. The ore of the
deposit is the oxidized ore composed of cryptomelane and small amount of nsutite.

The wall rock of the deposit is massive chert.

The production of the oxidized ore concentrate from the deposit from 1937 to 1945
was about 2,000 tons with unknown grade.

14. Takamatsu

This deposit is located at Takamatsuzawa of Yamagata Village, 3 km north-northwest
of Heromachi.

Several outcrops of the deposit are traceable for 2km in strike direction. Each ore
body is up to 170 m long in strike direction, 83 m long in dip direction and 0.4-1.5 m thick.

The primary ore of the deposit is made up of the braunite ore and the carbonate ore.
The carbonate ore is composed mainly of rhodochrosite associated with tephroite, rhodonite
and small amounts of spessartine, dannemorite, bementite and alabandite. The chemical
analysis of the carbonate ore is shown in Table 9. The oxidized ore is composed mainly
of nsutite, cryptomelane and pyrolusite.

The footwall of the deposit is gray massive chert. The boundary between the footwall
and the ore body undulates more than that between the hanging wall and the ore body.
The hanging wall is gray bedded chert and red bedded chert.

The production of the manganese concentrates from the deposit from 1938 to 1962
was 16,200 tons with the average grade of 36 percent Mn.

Reference: Namsu (1958).

15.Yanosawa

This deposit is located at Yanosawa of Yamagata Village, 2 km east of Heromachi.

Five ore bodies occur in the deposit. The principal ore body is 30 m long in strike
direction, 44 m long in dip direction and about 1 m thick.

The primary ore of the deposit consists mainly of the braunite ore associated with
the carbonate ore composed mainly of rhodochrosite, tephroite and rhodonite. Pyroxmangite
occurs as veinlets cutting the ore. The oxidized ore is composed mainly of pyrolusite
associated with nsutite in small amount.

The footwall of the deposit is slate (0.2 m thick) and massive chert (1.5 m thick). The
hanging wall is red bedded chert (1 m thick).
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The production of the manganese concentrates from 1955 to 1958 was known to be
800 tons with the average grade of 40 percent Mn,
Reference: Namsu (1958).

16. Mikkamachi

This deposit is located at Makado of Kuji City, 6 km west of Kuji.

The deposit is 15 m long in strike direction. Length in dip direction and thickness are
unknown.

The primary ore of the deposit is composed of rhodonite and tephroite accompanied
by quartz. The oxidized ore is nsutite.

The footwall of the deposit is bedded chert. The hanging wall is bedded chert and
massive chert.

The production of the ore concentrate from the deposit from 1955 to 1958 was about
300 tons with the average grade of 30 percent Mn.

Reference: Namsu, Tomimura and Kumacar (1966).

17. Makado

This deposit is located at Makado of Kuji City, 6 km west of Kuji.

The deposit is 20 m long in strike direction and up to 0.35m thick.

The primary ore of the deposit is composed of rhodonite and tephroite accompanied
by small amount of quartz. The oxidized ore is mainly nsutite.

The footwall of the deposit is red massive chert. The hanging wall is bedded chert.

The production of ore is said to be 350 tons with unknown grade.

18. Tsuboana

This deposit is located at Tsuboana of Kuji City, 9 km west of Kuji.

The deposit is about 10 m long in strike direction and up to 1m thick.

The primary ore of the deposit is composed mainly of rhodonite. The oxidized ore
is mainly nsutite and pyrolusite.

The wall rock of the deposit is bedded chert.

The production of the ore was about 2,000 tons around 1940 with unknown grade.

Reference: Namsu, Tommura and Kumacatr (1966).

19. Shimizugawa
 This deposit is located at Shimizugawa of Yamagata Village, 3 km east-southeast of
Kawai.

The deposit consists of several ore bodies. They are about 20 m long in strike direction,
about 20 m long in dip direction and 0.3-2.5 m thick.

The primary ore comsists mainly of the silicate ore associated with the carbonate ore.
The silicate ore is composed mainly of rhodonite associated with tephroite, This ore is
a product of thermal metamorphism caused by the Numabukuro intrusive body located
about 1.5km from the deposit. So-called Bakappi, a low-grade silicate ore of several
meters thick, occurs in part of the deposit. This ore is thought to have been formed by
introduction of manganese component from the ore to the siliceous walls in the course
of the pyrometasomatism. The carbonate ore is composed mainly of rhodochrosite
associated with small amounts of jacobsite, spessartine, dannemorite, alleghanyite, galaxite,
pyrophanite, bementite and neotocite. The chemical analysis of the carbonate ore is listed
in Table 9. The oxidized ore is mainly pyrolusite associated with cryptomelane and nsutite.

The wall rock of the deposit is bedded chert.

The production of the ore concentrates from the deposit from 1964 to 1966 was
2,300 tons with the average grade of 27 percent Mn.

Reference: Nampu ef al. (1965d).
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Deposits in the Seki Formation

21. Kannon

This deposit is located at Tokusanai of Karumai Town, 5km north-northwest of
Kogarumai.

The deposit is 60 m long in strike direction and 0.1-0.5 m thick. The deposit is folded,
and an axis of minor folding trends N.10°E. and plunges Southward at 70°, and another
axis trends N.50°W. and plunges northward at 65°.

The primary ore of the deposit is braunite. The oxidized ore is composed of
cryptomelane, pyrolusite and nsutite.

The footwall of the deposit is red massive chert (10 m in thickness) and bedded chert.
The hanging wall is red massive chert.

The production of the ore was 400 tons with unknown grade by 1945 and 1,000 tons
with the grade of 70-75 percent MnQO, since 1964.

Reference: Namsu, Cama and Kumacar (1965).

22. Omaki

This deposit is located at Tokusanai of Karumai Town, 4 km north of Kogarumai.

The deposit is 20 m long in strike direction and 0.7-1 m thick.

The ore of the deposit is mainly the oxidized ore composed of cryptomelane, pyrolusite,
msutite and small amount of todorokite.

The wall rock of the deposit is bedded chert.

The production of the ore is unknown.

23, Takamine

This deposit is located at Matsunowaki of Karumai Town, 2 km north of Kogarumai.

The deposit is about 100 m long in strike direction, 60 m long in dip direction and
9.5-1 m (maximum 3 m) thick. The ore body is folded, and the axis of the minor folding
trends N.40°-50°W. and plunges southward at 20°.

The primary ore of the deposit is composed of braunite. The oxidized ore is mainly
<ryptomelane associated with small amount of todorokite.

The wall rock of the deposit is red bedded chert with 5-10 m in thickness.

The production of the ore concentrates from the deposit from 1938 to 1962 was
350 tons with the average grade of 48 percent Mn and 1,050 tons with the average grade
of 70 percent MnOs:.

References: Nampu (1960); Namsu ef al. (1965a).

24. Kogarumai

This deposit is located at Matsunowaki of Karumai Town, 1.5km mnortheast of
Kogarumai.

The deposit is 80 m long in strike direction, 60 m long in dip direction and about
0.3 m thick. The ore body is folded, and an axis of the minor folding trends N.10°W. and
plunges southward at 70°, and another axis trends N.40°W. and plunges northward at 43°.

The primary ore of the deposit is the braunite ore. It forms bands with small
amounts of tephroite, rhodonite and rhodochrosite. The oxidized ore is composed of
<cryptomelane and pyrolusite.

The wall rock of the deposit is red bedded chert.

The production of the ore concentrates from the deposit from 1943 to 1960 was 700
tons with the average grade of 49 percent Mn and 350 tons with the average grade of
80 percent MnOe..

Reference: Nampu (1958).

25. Taiho
This deposit is located at Otai of Karumai Town, 3.5 km east-southeast of Kogarumai.
The deposit consists of several ore bodies. Each of them is up to 20m long in strike
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direction and 0.5-0.8 m thick, The ore bodies are folded, and the axis of the minor
folding trends N.30°W. and plunges southward at 50°.

The primary ore of the deposit is the braunite ore. It forms bands with chert every
1cm thick. The oxidized ore is composed of cryptomelane and pyrolusite.

The footwall is red massive chert. The hanging wall is gray bedded chert.

The production of the ore is unknown.

26. Otai

This deposit is located at Otai of Karumai Town, 3 km east-southeast of Kogarumai.

The deposit consists of several ore bodies. They are 50-60 m long in strike direction,
20-30 m long in dip direction and 0.3-0.4 m (maximum 1.5 m) thick.

The ore of the deposit is oxidized ore composed mainly of cryptomelane and nsutite.

The wall rock of the deposit is bedded chert.

The production of the ore concentrates from the deposit from 1961 to 1966 was 300
tons with the average grade of 29 percent Mn and 350 tons with the average grade of
75 percent MnO..

Reference: Suvzukt et al. (1963).

27. Kotamagawa

This deposit is located at Tamagawa of Karumai Town, 4.5 km southwest of Ono.

The deposit consists of several ore bodies cropping out for more than 3 km in strike
direction. Each ore body is 50-100 m long in the strike direction, 100 m long in dip
direction and 0.5-1'm (maximum 3 m) thick. The ore bodies are folded, and the axis of
the minor folding trends N.10°-40°W. and plunges southward at 25°-34°.

The primary ore of the deposit is mainly the braunite ore. It alternates with red chert
every 1-2cm thick as shown in Plate 12-1. The oxidized ore is composed of crypto-
melane, manganosite, nsutite, pyrolusite and todorokite.

The footwall of the ore bodies is red bedded chert and red massive chert. The hanging
wall is red bedded chert. Films of tuffaceous matter are intercalated in the red bedded
chert every 2-3 cm. The boundary between the footwall and the ore bodies undulates more
distinctly than that between the hanging wall and the ore bodies does. Color of the red
chert is especially bright red within 2 m from the ore bodies.

The production of the ore from the deposit from 1935 to 1968 was 7,900 tons with
the average grade of 45 percent Mn.

Reference: Svzurr ef al. (1963).

28. Ono

This deposit is located at Genda of Ono Village, 3 km southwest of Ono.

The deposit consists of two ore bodies. They are about 30 m long in strike direction,
about 20 m long in dip direction and up to 1 m thick.

The primary ore of the deposit is the braunite ore associated with small amount of
spessartine. The oxidized ore is composed mainly of cryptomelane and nsutite.

The wall rock of the deposit is red bedded chert.

The production of the ore concentrates from the deposit was 700 tons during the
1910’s, and 1,750 tons with the average grade of 46 percent Mn and 200 tons with the
average grade of 75 percent MnO. from 1939 to 1945.

29. Goto

This deposit is located at Tamagawa of Kogarumai Town, 4 km southwest of Ono.

The deposit consists of several ore bodies. The largest ore body is 60 m long in strike
direction and 0.3 m thick.

The ore of the deposit consists of the braunite ore. The oxidized ore is composed
mainly of cryptomelane associated with small amount of todorokite.

The wall rock of the deposit is red bedded chert.

The production of the ore from the deposit is unknown.
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Reference: Nambu, Komacara and Kumacar (1967).

30. Funakozawa
The description of this deposit is in 3.2. 3 in the text.

31. Tachikawa

This deposit is located at Kogarumai of Karumai Town, 4.5 km south-southwest of
Ono.

The deposit is 30 m long in strike direction, 90 m long in dip direction and 0.5-1m
thick. The ore body is strongly folded. It extends toward the depth along the axis of the
minor folding which trends N.15°-40°W. and plunges southward at 20°-30°.

The primary ore occurs in small amount. It consists mainly of the braunite ore
associated with small amount of the carbonate ore composed of rhodonite, tephroite,
spessartine, neotocite and rhodochrosite.

The oxidized ore occupies the major part of the deposit. It is composed of cryptomel-
ane, manjirdite, nsutite and small amount of todorokite.

The wall rock of the deposit is red bedded chert and red tuffaceous slate.

The production of the ore concentrates from the deposit from 1937 to 1968 was
4,700 tons with the average grade of 41 percent Mn and 1,800 tons with the average grade
of 78 percent MnO..

Reference: Suzukr ef al. (1963).

33. Nagakura

This deposit is located at Tokusanai of Karumai Town, 7 km northwest of Kogarumai.

The deposit consists of three ore bodies arranged in strike direction. They are 3-8 m
long in the strike direction and 0.1 m thick.

The primary ore of the deposit is mainly the braunite ore associated with small
amount of spessartine. The oxidized ore is composed of cryptomelane and small amount
of nsutite.

The wall rock of the deposit is red bedded chert.

The production of the ore since 1949 was several hundred tons with unknown grade.

34, Himegamori

This deposit is located at Himegamori of Karumai Town, 8 km northeast of Kogarumai.

The deposit is situated in a roof pendant of the Hashikami intrusive body.

The thickness of the deposit is about 1 m; but the length of it is unknown.

The primary ore of the deposit consists of the silicate ore composed mainly of
coarse-grained rhodonite and tephroite associated with small amounts of spessartine and
hausmannite. A photomicrograph of the tephroite is shown in Plate 15-2. The X-ray
powder data and the chemical analysis of the tephroite are shown in Tables 12 and 13,
respectively.

The wall rock of the deposit is chert hornfels.

The production of the ore is unknown.

Reference: Owmorr, Hasecawa and Ortomo (1952).

35. Kujihira

This deposit is located at Sambongiyama of Ono Village, 6 km north of Ono.

The deposit is situated in a roof pendant of the Hashikami intrusive body.

The details of the dimensions of the deposit are unknown.

The primary ore of the deposit consists of the silicate ore composed mainly of
tephroite with small amount of spessartine. The oxidized ore is cryptomelane associated
with todorokite.

The production of the ore is unknown.
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37. Yamani

This deposit is located at Izurumachi of Yamagata Village, 6.5 km northwest of Kawai.
The deposit is 10-15 m long in strike direction and up to 0.7 m thick.

The ore of the deposit is amorphous dioxide. ’

The wall rock of the deposit is gray bedded chert.

The production of the ore is less than 20 tons with unknown grade.

38. Kunohe

This deposit is located at Izurumachi of Yamagata Village, 6 km north-northwest of
Kawai.

The deposit is 6m long in strike direction and 0.4-1m thick. Minor folding is
observed in the deposit. An axis of the minor folding trends N.40°W. and plunges
northward at 40°, and another one trends N.20°E. and plunges southward at 10°.

The primary ore of the deposit is the carbonate ore composed mainly of rhodochrosite
and rhodonite associated with small amounts of spessartine and neotocite. Pyroxmangite
occurs as veinlets in the ore. A photomicrograph of the pyroxmangite is shown in Plate
17-2. The chemical analyses of the carbonate ore are shown in Table 9. The oxidized ore
is composed mainly of pyrolusite and nsutite.

The wall rock of the deposit is gray bedded chert.

The production of the ores was about 500 tons with unknown grade.

39. Ohata

This deposit is located at Ohata of Yamagata Village, 7 km northwest of Kawai.

The deposit consists of several ore bodies. They are 60-90 m long in strike direction,
60 m long in dip direction and 0.3-0.6 m (in maximum more than 1m) thick.

The primary ore of the deposit is the carbonate ore composed mainly of rhodonite,
tephroite and rhodochrosite. The oxidized ore is composed of pyrolusite and nsutite.

The footwall is gray bedded chert and gray massive chert. The hanging wall is gray
bedded chert.

The production of the ore concentrates from the deposit from 1939 to 1953 was
3,200 tons with the average grade of 41 percent Mn.

40. Yamagata

This deposit is located at Hinosawa of Yamagata Village, 4 km north-northwest of
Kawai.

The deposit is 90 m long in strike direction and 0.1-1 m (maximum 2.5 m) thick.

The primary ore of the deposit consists of the braunite ore and the carbonate ore. The
braunite ore forms bands with chert. A photomicrograph of the ore is shown in Plate
13-1. The carbonate ore ‘is composed of rhodonite associated with various amounts of
tephroite, rhodochrosite and small amounts of hausmannite, spessartine, dannemorite, stilpno-
melane, bementite and pyrophanite. The oxidized ore is composed mainly of nsutite
associated with small amounts of cryptomelane, pyrolusite and manganite.

The wall rock of the deposit is gray bedded chert and red bedded chert.

The production of the ore concentrates from the deposit from 1958 to 1963 was 200

tons with the average grade of 31 percent Mn and 400 tons with the average grade of
68 percent MnOe,

References: Nampu (1960); Suzukr ef al. (1962).

41. Yokochi
This deposit is located at Yokochi of Yamagata Village, 7.5 km northwest of Kawai.

The deposit consists of several ore bodies traceable for 2 km in strike direction. The

largest ore body is 220 m long in strike direction, 80 m long in dip direction and in average
2 m thick. ’

The primary ore of the deposit is the carbonate ore composed of rhodonite and
tephroite associated with small amounts of braunite, jacobsite, hausmannite, rhodochrosite

52— (340)




Geology and Manganese Deposits of the Kunohe Area (Morimasa YOsHII)

and neotocite. The oxidized ore is composed mainly of cryptomelane and pyrolusite
associated with small amount of manganite.

The footwall of the deposit is gray bedded chert and gray massive chert. The hanging
wall is gray bedded chert.

The production of the ore concentrates from the deposit from 1952 to 1963 was
12,400 tons with the average grade of 33 percent Mn and 1,500 tons with the average grade
of 76 percent MnO..

References: Namsu (1960); Suzukr et al. (1962).

42.  Kitakami

This deposit is located at Kitoko of Yamagata Village, 6.5 km northwest of Kawai.

The deposit is 35 m long in strike direction, 30 m long in dip direction and 0.1-2m
thick.

The primary ore of the deposit consists of the carbonate ore composed mainly of
rhodonite and tephroite associated with small amounts of jacobsite, hausmannite, rhodochro-
site and neotocite. The oxidized ore is composed mainly of cryptomelane and nsutite.

The footwall of the deposit is gray massive chert. The hanging wall is gray bedded
chert.

The production of the ore concentrates from the deposit from 1959 to 1962 was
50 tons with the average grade of 33 percent Mn and 100 tons with the average grade
of 66 percent MnOs..

43. Hokuei

This deposit is located at Yaba of Yamagata Village, 6 km northwest of Kawai.

The deposit consists of several ore bodies. They are up to 10m long in strike
direction and up to 0.1 m thick.

The ore of the deposit is mainly the oxidized ore composed mainly of pyrolusite
and nsutite.

The footwall of the deposit is gray bedded chert. The hanging wall is slate.

The production of the ore from the deposit is unknown.

44. Hinosawa
The description of this deposit is in 3.2. 4 in the text.

45. Kawai

This deposit is located at Hinosawa of Yamagata Village, 2.5 km northwest of Kawai.

The deposit is 100 m long in strike direction, 110 m long in dip direction and 2m
(maximum 10 m) thick.

The ore of the deposit consists mainly of the oxidized ore composed mainly of
cryptomelane and nsutite associated with small amount of manjirdite. The oxidized zone
of the deposit extends as deep as 120 m from the outcrop.

The footwall is gray bedded chert and also red bedded chert in part. The hanging
wall is gray bedded chert.

The production of the ore concentrates from the deposit from 1940 to 1961 was
23,900 tons with the average grade of 71 percent MnQO.. This deposit is the most important
producer of the dioxide ore in the Kitakami Mountains.

Reference: Namsu et al. (1965d).

46. Daini-Asahi

This deposit is located at Kamiinose of Yamagata Village, 3 km west of Kawai.

The deposit is 16 m long in strike direction and 0.1-0.5 m (maximum 1.5 m) thick.

The primary ore of the deposit is the carbonate ore composed mainly of rhodonite
and tephroite. The oxidized ore is composed mainly of pyrolusite and nsutite.

The wall rock of the deposit is gray bedded chert and gray massive chert.

The production of the ore concentrates was 15 tons in 1965 with the grade of 25
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percent Mn and 17 tons in 1963 with the grade of 75 percent MnOs..
Reference: NamBu ef al. (1965d).

47. Takinosawa

This deposit is located at Takinosawa of Yamagata Village, 2.5 km west of Kawai.

The deposit consists of several ore bodies. They are 20-30 m long in strike direction
and 0.4-0.7 m (maximum 3 m) thick.

The primary ore of the deposit consists of the carbonate ore composed mainly of
rhodochrosite and hausmannite associated with small amount of braunite. So-called
Chocolate ore occurs. The chemical analysis data of the ore are shown in Table 9. The
oxidized ore is composed of cryptomelane, pyrolusite and nsutite.

The footwall is gray massive chert and gray bedded chert. The hanging wall is gray
bedded chert.

The production of the ore concentrates from the deposit from 1937 to 1961 was
1,150 tons with the average grade of 44 percent Mn and 5,200 tons with the average grade
of 75 percent MnO..

Reference: Suvzukr et al. (1962).

48. Misawa

This deposit is located at Kawai of Yamagata Village.

The deposit is 40 m long in strike direction and 0.3-0.7 m thick.

The primary ore of the deposit is the carbonate ore composed mainly of rhodonite
and tephroite. The oxidized ore is mainly pyrolusite.

The wall rock is gray bedded chert.

The production of the ore concentrates from the deposit from 1937 to 1941 was
500 tons with unknown grade.

50. Oguni

This deposit is located at Oguni of Yamagata Village, 10 km south-southeast of Kawai.

The deposit consists of several ore bodies. The major ore bodies are about 90 m long
in strike direction, 90 m long in dip direction and 0.1-2 m (maximum 4 m) thick.

The primary ore of the deposit is the carbonate ore composed of rhodonite associated
with various amounts of tephroite, rhodochrosite, braunite and small amounts of mangancal-
cite, dannemorite and neotocite. The oxidized ore is composed of nsutite and cryptomelane.

The footwall of the deposit is gray bedded chert and gray massive chert. The hanging
wall is gray massive chert. The boundary between the footwall and the ore body undulates
more distincly than that between the hanging wall and the ore body does.

The production of the ore concentrates from the deposit from 1937 to 1962 was
9,700 tons with the average of 38 percent Mn.

Reference: Nawmpu (1959).

51. Toyokuchi

This deposit is located at Oguni of Yamagata Village, 11 km south-southeast of Kawai.

The deposit is 40-70 m long in strike direction, 80 m long in dip direction and
0.1-1.5 m thick.

The primary ore of the deposit consists of the carbonate ore composed mainly of
rhodochrosite associated with rhodonite, tephroite, braunite and small amounts of hausman-
nite, neotocite and mangancalcite. The oxidized ore is composed of cryptomelane,
pyrolusite, nsutite and birnessite.

The wall rock is gray bedded chert.

The production of the ore concentrates from the deposit was 3,000 tons from 1940
to 1950 with unknown grade, and 800 tons from 1958 to 1960 with the average grade of
35 percent Mn.

References: Nampu (1959); Namsu and Tanma (1961).

54—(342)




Geology and Manganese Deposits of the Kunohe Area (Morimasa YosHi)

57. Oyukiya

This deposit is located at Oyukiya of Kunohe Village, 7 km east of Ibonai.

The deposit is 40 m long in strike direction and 1 m thick.

The primary ore of the deposit is composed of rhodonite and tephroite. The oxidized
ore is composed of cryptomelane and pyrolusite.

The wall rock of the deposit is massive chert.

The production of the ore from the deposit by 1945 was 6,000-7,000 tons with
unknown grade.

Deposits in the Kassemba Formation

61. Kayatai

This deposit is located at Kayatai of Yamagata Village, 6 km south of Kawai.

The deposit is about 100 m long in strike direction and 1.5 m thick.

The primary ore of the deposit consists mainly of the silicate ore composed mainly
of rhodonite associated with tephroite and small amounts of rhodochrosite, alleghanyite,
dannemorite, stilpnomelane, manganoan phlogopite and spessartine. A photomicrograph
of the stilpnomelane is shown in Plate 18-2. The oxidized ore is mainly pyrolusite.

The wall rock of the deposit is bedded chert.

The production of the ore from the deposit is unknown.

Reference: Namsu et al. (1965d).

62. Sainokami

This deposit is located at Sainokami of Kunohe Village, 6 km south of Ibonai.

The deposit extends 70-120 m at each working level, and the total length is 270 m in
strike direction, and 100m in dip direction. The thickness is up to 1m. The deposit
plunges in parallel to the axis of the minor folding which trends N.10°-20°E. and plunges
northward at 35°.

The primary ore of the deposit consists of the carbonate ore composed mainly of
rhodochrosite, tephroite, rhodonite and hausmannite associated with small amounts of
galaxite, alleghanyite and spessartine. Pyroxmangite, bementite and neotocite occur as
veinlets in the ore. A photomicrograph of the ore is shown in Plate 14-1. The
oxidized ore is composed mainly of nsutite associated with birnessite and cryptomelane,

The footwall of the deposit is gray bedded chert and gray massive chert. The hanging
wall is gray bedded chert. The boundary between the footwall and the ore body undulates
more distinctly than that between the hanging wall and the ore body does.

The production of the ore concentrates from the deposit from 1956 to 1962 was
2,650 tons with the average grade of 37 percent Mn.

Reference: Namsu (1959).

63. Kurano

This deposit is located at Kurano of Kunohe Village, 6.5 km south of Ibonai.

The deposit consists of two ore bodies. They are about 60 m long in strike direction,
30 m long in dip direction. The thickness of the deposit is unknown.

The ore of the deposit is mainly the oxidized ore composed of cryptomelane, pyrolusite
and nsutite. The primary ore occurs in small amount. It consists of the carbonate ore
composed mainly of rhodonite, jacobsite and rhodochrosite.

The wall rock of the deposit is massive chert and bedded chert.

The production of the ore concentrates from the deposit from 1943 to 1945 was
200 tons with the average grade of 42 percent Mn and from 1962 to 1966 was 200 tons
with the average grade of 80 percent MnO..

Reference: Namsu et al. (1965d).

64. Okami
This deposit is located at Shibahiki of Kunohe Village, 10 km southwest of Kawai.
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The deposit is 30 m long at each working level and extends 150 m in strike direction
and 90m in dip direction with the average thickness of 0.5m. The ore body plunges
northward at 30°.

The primary ore of the deposit is the carbonate ore composed mainly of rhodochrosite,
rhodonite and tephroite. Neotocite occurs as veinlets in the ore. The oxidized ore is
composed mainly of nsutite and pyrolusite associated with small amounts of cryptomelane
and manganite.

The footwall of the deposit is bedded chert and massive chert. The hanging wall is
bedded chert.

The production of the ore concentrates from the deposit from 1958 to 1962 was
850 tons with the average grade of 31 percent Mn and 600 tons with the average grade of
70 percent MnO..

Reference: Nawmsu (1958).

65. Taki

This deposit is located at Rainai of Yamagata Village, 7 km southeast of Kawai.

This deposit consists of two ore bodies. They are 70-100 m long in strike direction,
about 40 m long in dip direction and 0.3-0.6 m thick. The deposit is folded, and the axis
of the minor folding trends N.60°E. and plunges northward at 25°.

The ore bodies were thermally metamorphosed by the Hiraniwa intrusive body,
forming the silicate ore composed mainly of rhodonite and tephroite associated with small
amounts of rhodochrosite, spessartine, jacobsite and hausmannite. Neotocite and pyroxmangite
occur as veinlets in the ore. The chemical analysis of the tephroite is shown in Table 13.
A photomicrograph of the boundary of the rhodonite ore and the tephroite ore is shown
in Plate 16-3. The oxidized ore is composed mainly of cryptomelane, pyrolusite and
nsutite associated with small amount of birnessite.

The footwall of the deposit is gray bedded chert. The hanging wall is gray siliceous
slate and bedded chert associated with massive chert.

The production of the ore concentrates from the deposit from 1944 to 1967 was
5,050 tons with the average grade of 35 percent Mn and 250 tons with the average grade
of 72 percent MnOe..

References: Nampu and TANmA (1964); Namsu et al. (1967b).

Deposits in undefined Iwaizumi Group outside of the Kumoche area

71. Noda-Tamagawa
The description of this deposit is in 3.2. 5 in the text.

72. Hijikuzu

This deposit is located at Hijikuzu of Iwaizumi Town, 8 km west-southwest of Taro.

The deposit is 150 m long in strike direction, 84 m long in dip direction and 2.5m
thick.

The deposit suffered strongly a thermal metamorphism by the Miyako intrusive body,
forming the silicate ore composed mainly of pyroxmangite, rhodonite, tephroite and braunite
associated with several skarn minerals. The refractive indices, the X-ray powder data and
the chemical analysis of the pyroxmangite are shown in Tables 15, 17 and 18, respectively.

The wall rock is the hornfels of massive chert and bedded chert.

The production of the ore concentrates from 1967 to 1972 was 41,200 tons with the
average grade of 16 percent Mn.

References: Namsu, Tanma and Kiramura (1970a; 1970Db).
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Bull. Geol. Surv. Japan, Vol. 29 Plate 12,

1. The braunite ore from the
Kotamagawa deposit.
The ore alternates with red
chert forming a banded ore.

2. The braunite ore from the
Funakozawa deposit.

3. Red massive chert of the
footwall of the Funakozawa
deposit.




Bull. Geol. Surv. Japan, Vol. 29 Plate 13

Photomicrograph  of the
braunite ore from the
Yamagata deposit in thin
section.

b: braunite, e: rhodochrosite
and quartz. Plane light. Scale
2mm.

2. Photomicrograph of chert
of the Funakozawa deposit
in thin section.

p: piedmontite, q: quartz. Plane
light. Seale 0.2mm.

3. Photomicrograph of the
carbonate ore from the
Yokochi deposit in thin
section.

c: rhodochrosite, h: hausman-
nite. Crossed-nicols. Scale 2mm.




Bull. Geol. Surv. Japan, Vol. 29

2. Photomicrograph of a

boundary between granitic
intrusion (left) and rhodo-
nite ore (right) in the Noda-
Tamagawa deposit in thin
section.

d: dannemorite, k: potassium
feldspar, p: plagioclase, q:
quartz, r: rhodonite. Crossed
nicols. Scale 2mm.

Plate 14

1. Photomicrograph of the

carbonate ore from the
Sainokami deposit in thin
section.

¢: rhodochrosite, h: hausman-
nite.  Crossed nicols. Scale
2mm.

3. Photomicrograph of teph-

roite ore from the Taki
deposit in thin section.

Crossed nicols. Scale 2mm.




Bull. Geol. Surv. Japan, Vol. 29 . Plate 15

1. Photomicrograph of teph-
roite-manganobarian phlogo-
pite-hausmannite ore from
the Noda-Tamagawa deposit
in thin section.

h: hausmannite, p: mangano-
barian phlogopite, t: tephroite.
Plane light. Scale 0.2mm.

2. Photomicrograph of teph-
roite ore from the Himega-
mori deposit in thin section.

Crossed nicols. Scale 0.2mm.

3. Photomicrograph of rhodo-
nite ore from the Noda-
Tamagawa deposit in thin
section.

Crossed nicols. Scale 0.2mm.




Bull. Geol. Surv. Japan, Vol. 29 Plate 16

1. Photomicrograph of rhodo-
nite ore from the Taki de-
posit in thin section.

Crossed nicols. Scale 0.2mm.

2. Photomicrograph of a
boundary between tephroite
ore (left) and rhodonite ore
(right) in the Noda-Tama-
gawa deposit in thin section.

b: bustamite, r: rhodonite, t:
tephroite. Crossed nicols. Scale
2mm.

3. Photomicrograph of a
boundary between tephroite
ore (left) and rhodonite ore
(right) in the Taki deposit
in thin section.
c¢: rhodochrosite, r: rhodonite,

t: tephroite. Crossed nicols.
Scale 2mm.




Bull. Geol. Surv. Japan, Vol. 29 Plate 17

1. Photomicrograph of pyrox-
mangite in veinlets of the
Kohare deposit in thin
section.

Plane light. Secale 0.2mm.

2. Photomicrograph of pyrox-
mangite in veinlets of the
Kunohe deposit in thin
section.

Plane light. Scale 0.2mm.

3. Photomicrograph of nambu-
lite in veinlets of the Fu-
nakozawa deposit in thin
section.

a: albite, n: nambulite., Crossed
nicols. Secale 0.2mm,




Bull. Geol. Surv. Japan, Vol. 29 Plate 18

1% Photomicrograph of dan-
§ nemorite in the carbonate
i ore from the Shimizugawa

[ deposit in thin section.

{ e: rhodochrogite, d: dannemorite,
s: spessartine. Plane light.
,3 Scale 0.2mm.

2. Photomicrograph of stilpno-
melane in the carbonate
ore from the Kayatai de-
posit in thin section.

s: stilpnomelane. Plane light.
Seale 0.2mm.

3. Photomicrograph of haus-
mannite - tephroite - mangano-
barian phlogopite ore from
the Noda-Tamagawa deposit
in thin section.

h: hausmannite, p: mangano-
barian phlogopite, t: tephroite.
Plane light. Scale 0.2mm.



Bull. Geol. Surv. Japan, Vol. 29 Plate 19

1. Photomicrograph of man-
ganobarian phlogopite from
the Noda-Tamagawa deposit
in thin section.

h: hausmannite, p: mangano-
barian phlogopite, t: tephroite.
Plane light. Scale 0.2mm.

N

. Photomicrograph of kino-
shitalite from the Noda-
Tamagawa deposit in thin
section.

h: hausmannite, k: kinoshitalite,
t: tephroite. Plane light. Scale
0.2mm.

3. Photomicrograph of “spes-
sartine rock” from the Taki
deposit in thin section.

b: bementite, s: spessartine,
Plane light. Scale 0.2mm.
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2. Photomicrograph of galaxite
in the carbonate ore from
the Shimizugawa deposit in
thin section.

¢: rhodochrosite, g: galaxite.
Plane light. Scale 0.2mm.

Plate 20

Photomicrograph of - alle-
ghanyite in the carbonate
ore from the Shimizugawa
deposit in thin section.

a: alleghanyite, c: rhodochrosite,
Crossed nicols. Scale 0.2mm.

3. Photomicrograph of pyro-
phanite in tephroite ore

from the Noda-Tamagawa
deposit in thin section.

m: manganobarian phlogopite,
DP: pyrophanite, t: tephroite.
Plane light. Secale 0.2mm.



