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(Abstract)

GEOLOGY

The most part of the mapped area consists of the volcanic
rocks of latest Pliocene to Pleistocene age except the limited bas-
al strata of Neogene.



NEOGENE TERTIARY

Neogene strata of the district are exposed sporadically in the
bottom of deep valleys where new volcanics are dissected. As
the exposures are separated to each other, their mutual stratigra-
phic relations are difficult to make clear. However, from their
lithologic character and fossils, they are classified into the fol-
lowing formations, in ascending order, Kumazawagawa, Koshido-
mae and Kitamatagawa.

Kumazawagawa formation is the oldest formation of the base-
ment in this area and belongs to so-called green tuff formation
of lower Miocene age. It is exposed in the catchment area of
the Kumazawagawa river, the midstream of the Yudamata river
and the downstream of the Appi river. The lower part of this
formation is composed of propylite and rhyolite dikes which
penetrate the former, while the upper part consists of an alter-
nation of green tuff, conglomerate, shale, green sandstone, and
black silicious shale. Bedding is remarkable though not conspicu-
ous in green tuff. Green colored conglomerate often contains
many molluscan fossils. This formation may be correlated to the
Obonai formation of the adjacent Kakunodate sheet-map area.

Koshidomae formation : Covering the green tuff formation
unconformably, an alternation of shale and sandstone is found
at the midstream of the Obuka and Kakkonda rivers. This
formation is presumed to be the late Miocene in age.

Kitamatagawa formation : At the midstream of the Kitamata
river about 3 km south of the Matsuo Sulphur Mine, there crops
out a white colored fine-grained tuff including carbonized wood.
Though bedding is not distinct, intraformational folding is found
at some places. This formation may be correlated to the Hashi-
ba formation which is considered to be of Pliocene age.



Tamagawa welded tuff : A thick rhyolitic welded tuff exposed
in the southwestern part, occupies about one-fourth of the area.
It covers all basement unconformably and is overlain by younger
volcanics, accordingly the tuff is considered to belong to the lat-
est Pliocene. Though the location of eruption center of the weld-
ed tuff is uncertain, judging from the thickness of the tuff and
the included xenoliths of basement rocks, it is conceivable that
the center might be near the junction of the Tamagawa and
Obuka rivers. The welding is remarkably promoted near the
center and shows a lava-like appearance. The maximum thick-
ness of the tuff is estimated to be a few hundred meters and the
average inclination about 5 degrees.

The majority of the welded tuff contains much of large
bipyramidal quartz as phenocryst and belongs to hornblende-
bearing augite-hypersthene rhyolite. However, in the later stage
of this volcanism, coarse-grained andesitic tuff, poor in quartz
crystals, was also erupted at some places.

QUATERNARY

Overlying the basement rocks of Neogene stated above, many
young volcanoes of Quaternary age were successively poured out.
Based on topography and petrographic characters, they are classi-
fied into four groups as listed below :

1. Hachimantai volcanic group

2. Kayodake volcanic group

3. Yakeyama volcanic group

4. |wateyama volcanic group

The Hachimantai volcanic group occupies the northeastern part
of the sheet-map area, and directly covers the Tamagawa rhyolitic
welded tuff. The volcanic activity is considered to have started
in late Pleistocene and continued up to Recent. Though the
dissection advanced considerably at the Chausudake area, many
fine shaped caldera such as Kamotayama and Ishiyama, and cra-
ters such as Chausudake, Komonomori and Mokkodake are still



well preserved. Furthermore, a number of fumaroles are present
at Toshichi, Fukenoyu, and at the tributary of the Yudamata ri-
ver, and hot springs are gashed out at the midstream of the
Appi river and Chienosawa. From these facts, it is considered
that the volcanic activity continued up to Recent time.

The distribution of craters and the accumulation relation of
gjecta are suggestive of the activities of this volcanic group from
east to west. At the beginning of volcanism, pyroclastics such as
tuff and agglomerate were mainly ejected, but in the later stage,
lavas of basic andesitic composition were flowed out. The rock
chiefly belongs to olivine-augite-hypersthene andesite, rarely
accompanied by augite-hypersthene dacite. Petrologically the
rocks of this group mostly belong to the hypersthenic rock series
(calc-alkali rock series) and partly to the pigeonitic rock series
(tholeiitic rock series).

Chemical analyses for 11 samples of unaltered lavas were
made with the results as shown in Table 5. The percentage of
SiO: ranges from 52.85 to 68.61, showing andesitic to dacitic
composition. The high content of CaO and low content of
alkalies, particularly of K20 are the characteristic of this group.

Pyroclastics of early stage are intensely subjected to altera-
tions such as chloritization, argillization and silicification.
Contemporaneous with these alterative processes, pyritization and
sulphuration occurred and formed large sulphur deposits like
that of the Matsuo Mine.

Kayodake volcanic group : At the southwestern corner of this
sheet-map area, are exposed andesitic lavas on small scale which
belong to the Kayodake volcanic group directly overlying rhyolitic
welded tuff. The lowest lava is wholly altered into andesite
showing the similar appearance to the Matsukawa lowest lava.
Covering this altered andesite, the Eboshi-dake and Taihakumori
lavas which belong to augite-hypersthene andesite were flowed
out.



Y akeyama volcanic group is situated on the west of the Hachi-
mantai volcano and covers Neogene green tuff formations and
rhyolitic welded tuff. It has a caldera of about 1 km in diameter
at its center, and erupted somma lavas to north and south. In
the central part of the Yakeyama caldera, a silicious dome-shaped
lava of 50 m high was extruded, forming a central cone. Imme-
diately after the extrusion of the Yakeyama somma lavas, the
Tsugamori horse-shoe-shaped caldera of about 1 km in diameter
was formed as an eastern parasitic volcano of Yakeyama. At the
southern flank of this Tsugamori somma lava, there is an explo-
sion crater of about 500 m in diameter called Ganinuma. As a
central cone of the Tsugamori caldera, a tongue-shaped lava flow,
1.5 km long, of andesitic composition flowed eastward. Kuroishi-
mori is a large flat parasitic dome of the Y akeyama volcano.

Many fumaroles are active in and around Yakeyama and near
the Goshogake and Tamagawa hot springs ; this fact shows that
the activity of Yakeyama is younger than that of the Hachiman-
tai volcanic group. In 1950, minor explosion occurred in the cra-
ter of the central cone and scattered mud to a distance of a few
hundred meters, which had been packed in the vent. The cen-
tral part of the Yakeyama volcano was strongly altered by
fumarolic action.

The rocks of this volcano belong to olivine-augite-hyper-
sthene andesite and resemble to those of the Hachimantai group.
The three fresh samples are similar in chemical composition to
the Hachimantai lavas, ranging from 57.99 to 58.85 percent in
SiOz2 with the exception of 70.81 percent of the Yakeyama Onigajo
central cone.

The Iwate volcanic group is located at the southeastern part of
this area, including Younger Iwate, Older Iwate, Inukura, Omatsu-
kura, 1,119 m peak, and the Marumori volcanoes.

The beginning of the volcanism is supposed to be rather ear-
ly, and much of lavas and pyroclastics were erupted in the vicin-
ity of Matsukawa. All of the volcanics were subjected to alter-



ation, forming clayey and silicious substances at some places.

Covering this Matsukawa altered andesite a new volcanism
took place at 1,119 m peak. Then the activity moved eastward,
forming successively Omatsukura, Inukura, Older Iwate, and
Younger lwate volcanoes. The activity became stronger from
west to east and the major activity ended with the formation of
alarge cone of the Y ounger Iwate volcano.

Marumori volcano is situated between the Hachimantai and
Iwate volcanic groups, having a horse-shoe-shaped caldera of
1 km in diameter and a flat central dome in it. Because of the
similarity of the rock characters and the close location to the
Iwate volcano, it was included in the Iwate volcanic group by
the writers.

Good preservation of many craters, fumarolic activity in Inu-
kura, and the existence of active volcanic vent in Older Iwate
and a lava flow of historic age at Y akebashiri, are enough to
suggest that this volcanic group is the youngest of the four.

The rocks are hypersthene-olivine basalt to olivine-augite-
hypersthene andesite. They are all basic in composition and
petrologically belong to the pigeonitic rock series. Seven samples
from the Iwate volcanic group were chemically analysed with the
result as shown in Table 5. SiOz ranges from 51.07 to 55.64
percent. High content of CaO and low content of K20 are one
of the characteristic features of the group.

ECONOMIC GEOLOGY

Matsuo Mine
The massive sulphur and pyrite deposits of Matsuo Mine are

in the altered zone of Hachimantai area. The ores are chiefly
composed of sulphur and pyrite. Opal, kaoline, quartz, chal-



cedonic quartz and alunite are the common gangue minerals.
Though very small in quantity, barite, gypsum, stibnite and azu-
rite are also associated.

Lower parts of the deposits are rich in free sulphur, and
pyrite is more enriched in the upper parts, their boundary of
distribution being very sharp. Owing to the irregularity of
lower boundary and the difference in the time of discovery of
ore bodies, the deposits are divided into four parts of 1st, 2nd,
3rd and 4th bodies.

1st ore body
By drilling and adit it is ascertained that the country rock

near the deposit consists of the alternation of three lava flows
and two layers of pyroclastics. The ores are impregnated bet-
ween the upper parts of lower lava and the middle part of upper
lava flow replacing these volcanics. The ore body is 1,150m in
length from east to west, 950m in width from north to south,
and 60~150 m in thickness. Controlled by the geologic structure,
the ore body dips 9" eastward.

2nd ore body
The 2nd body is located to the north of the 1st body, and

at the adit the direct continuation of two mases is observed.

The ores of lower quality are developed further north-west-
ward. Though the details of geology and mineralization are not
yet clear, it seems to be similar to the 1st one.

3rd ore body

The 3rd ore body composed chiefly of sulphur with a small
amount of pyrite is situated in the southwestern part of the 1st
body. Geologic feature of this area is rather complex, compared
with the 1st body. Between the middle and lower lava flows
there is another intercalated lava flow. The ores are mainly
impregnated under this lava as a cap rock, but in some part the
mineralization ascended upwards penetrating through the cap



rock. The size of ore body measures as 1,300m east to west,
400 m north to south and 20~40 m in thickness.

4th ore body
Adjacent to the western upper parts of the 1st and 2nd ore

bodies, 4th ore body was recently discovered. It is 600m east
to west, 1,000m north to south, and about 90m in maximum
thickness. Though the body seems to be a continuation of the
1st body, its mineralization is fairly different, and its ore is chiefly
composed of pyrite and very poor in free sulphur.

Formerly the genesis of this deposit has been regarded as
precipitation type, similar to that of Horobetsu mine, but from
various viewpoints it is more reasonable to consider that the
deposit is impregnation replacement type.

Minin

A stopging method is adopted in this mine and the ore bodies
are divided into ten of 12 m interval for working.

The excavated ores are separated into sulphur and pyrite at
the dressing plant, and the sulphur is sent directly to a refinery,
while the pyrite is separated into powder ore and massive ore
for sale. For the refining of the sulphur, 117 distillatory ovens
are used and a roasting process is operated.

The annual production in 1959 is estimated as 650, 000 tons
pyrite and 80,000 tons sulphur, which amount to 20 % of pyrite
production and 31 % of sulphur production in Japan.
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The chemical composition of the volcanic rocks from the mapped area
1 2 ’ 3 4 5 6 7 8 9 10 11 12 13 [ 14 15 i6 17 { 18 19 20 21 22 23 24
EMNE S IE=3 [ ST .
(Tamagawa ) A B P Kk i # (Hachimantai volcanic group) ( Yakeyama volcanic #E kol 2B (Iwate volcanic group)
welded tuff, group )

Tyaf;‘;e‘zﬁb‘{;‘;:ral VI VI| Ve Vd Ve VA Ve Vd Vvd Vd Vd Ve Ve| Ve Vvd vd vd| [le M Ile Ile Ve Ve Ve
8i0, 73.70 74.62| 52.85 54.38 55.79 57.85 58.09 59.68 60.21 61.39 62.24 67.68 68.61 57.99 58.07 58.85 70.81| 51.07 51.24 52.68 53.14 53.59 55.28 55.64
TiO, 0.27 0.25/ 0.65 0.83 0.78 0.52 0.80 0.55 0.62 0.66 0.70 0.97 1.04] 0.92 0.72 0.59 0.57| 0.96 0.83 0.60 6.69 0.92 0.68 0.76
ALO, 15.18 13.30] 19.34 17.02 15.33 16.38 14.73 16.11 15.41 14.72 15.09 14.38 14.33| 16.59 16.28 15.63 15.50 18.61 18.70 17.34 20.21 18.10 16.38 15.25
Fe,O, 0.78 0.75 3.34 3.35 2.22 2.75 3.8 2.94 2.77 2.92 2.43 1.95 2.81 3.15 2.51 2.55 1.32 H. 3 3.01 3.30 4.16 2.17 2.93 4.22
FeO 1.06 1.46| 5.92 6.57 8.63 5.98 6.01 542 552 4.61 4.68 3.11 1.40| 505 5.87 5.31 1.82 6.20 7.14 6.99 4.62 7.41 6.58 6.68
MnO 0.02 0.02 0.15 0.12 0.14 0.15 0.09 0.10 0.08 0.11 0.09 0.04 0.02{ 0.13 0.11 0.09 0.10 20. 14 0.13 0.11 0.14 0.14 0.13 0.10
MgO 0.28 0.38 4.54 5.82 3.92 4.62 4.68 3.90 3.53 2.87 2.90 1.12 0.52) 3.82 3.95 4.04 0.82 j4 30 4.55 5.16 2.72 4.50 5.06 4.46
CaO 2.01 2.46| 8.74 8.57 8.40 7.29 8.00 7.37 7.30 5.65 5.43 38.59 3.08 7.0L 7.62 7.41 3.14 1"0. 81 10.56 10.08 9.69 9.51 9.18 9.00
Na,O 3.74 3.02 2.40 2.08 2.48 2.24 2.42 2.63 2.64 2.58 2.79 3.08 3.15 2.46 2.48 2.27 3.40| 2.09 2.35 2.24 2.55 2.11 2.30 2.39
K,O 2.06 1.85| 0.32 0.63 0.53 0.77 0.8 0.99 1.00 1.22 1.56 1.45 1.78 0.99 1.06 1.25 2.06 ,‘O. 23 0.25 0.30 0.47 0.41 0.43 0.50
H,0+ 0.59 1.03; 0.69 0.66 0.87 0.8 0.29 0.58 0.50 1.10 0.83 0.74 1.04, 0.70 0.94 1.08 0.35 ]O. 37 0.26 0.50 0.87 0.45 0.47 0.63
H,0— 0.34 0.47, 0.48 0.28 0.71 1.08 0.19 0.40 0.67 1.92 0.66 1.11 1.80; 1.02 0.5 0.67 0.12 0.28 0.16 0. 41 0.44 0.21 0.56 0.37
P,0; 0.02 0.02{ 0.10 0.12 0.10 0.10 0.11 0.09 0.08 0.12 0.24 0.19 0.20] 0.13 0.10 0.08 0.06 i() 12 0.14 0.10 0.11 0.10 0.10 0.09
Total 100.05 99.63) 99.52 100. 43 99.90 100.58 100.12 100.76 100.33 99.87 99.64 99.47 99.78 99.96 100.27 99.82 100.07| 99.63 99.32 99.81 99.81 99.62 100.08 100.09

##i#E s No. 1 #H, No. 2~24 HAR, No.7, 8 o7 A n Y REBEIC LY, 007 A2 VMU L VBEXRLEH CERS N,

1)
2)

3)
4)
5)
6)
7)
8)
9)
10)
11)
12)

FEIHARERIK &5 (Tamagawa welded tuff)
ENEFEEK S5 (Tamagawa welded tuff)

MOMMABE cutting (F#ILKIE)

FiFILES (Maemoriyama lava)
ZKAFERE (Chausudake lava)
BREHRYE (Mokkodake lava)
REERE (Obukadake lava)
A% (Hachimantai lava) ---e-- BWR L
A F 5% (Hachimantai lava)
IEIE s (Kensomori lava)
#HEHE (Mokkodake lava)
BB ELEE (Kamotayama

FA#ZEE (Gentamori lava)

lava)

...... RIS (EIR MR ) 13)

RILEIEE (Appidake lava) 2 iR MIH

...... ENoXHEAR e EREFHRO S 14) 2E#HES (Kuroishimori lava) - B2AR & AEFRE O /DR
15) EJ)IMA% (Tamagawa lava) ---ee FNRAOT, KERER FHLUKIE)
...... FZR L L TE 16) MRk 0 EEE (Tsugamori ceritral cone lava) -----ighRAk 0 EPE
...... KEEWIE 17) Bl A REE (Yakeyama Onigajé lava) -5 4 3
...... HREWE 18) HHEFHE@ LA L (Younger Iwate somma lava) - $EFH 4 7 7 JtBE
...... KEE K QB 19) FmEF R ILEE (Older lwate somma lava) - SHREIR
20) HEF/NELIELS (Older Iwate somma lava) oo HEFANF BB
...... ELER oI 0.8 km 21) #HEFENHILEE (Older Iwate somma lava) - i Fr L 7 5 BB
...... BIAR & BRI O 1,470 m 1L 22) RELEE (Inukurayama lava) - RELIITE

------ BEHEROIL 0.3 km 23) LA ILEYE (Kamikura somma lava) - TFTHALOE
...... B LA 24) KA E (Omatsukura lava) - ZH UL
FEAZILEA ¢





