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- o e K “Ar rad “Ar rad ER
MRERES | MR (%) (105 scc/gm) (%) (Ma)
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E; 1 121%6.0
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Sample
No. 1 2 3 4 5 6 7
Si0, 73.99 73.55 72.79 73.14| 62.16 60.32 56.95
TiO, 0.11 0.11 0.18 0.15 0.71 0.61 0.70
AlO, 13.67 13.95 13.71 13.72{ 16.64 15.87 16.94
Fe.,0;* 1.64 1.38 2.35 1.93 6.04 5.74 5.87
MnO 0.05 0.03 0.07 0.05 0.10 0.10 0.13
MgO 0.16 0.15 0.44 0.23 2.00 3.71 4.55
Ca0 1.10 1.18 1.38 1.18 4.98 6.02 8.39
Na,O 3.81 3.84 4.20 3.94 3.99 3.05 3.07
K.,O 4.42 4.58 4.22 4.12 2.51 3.00 1.57
P,0Os 0.03 0.02 0.04 0.04 0.21 0.18 0.18
total 98.98 98.79 99.38 98.50| 99.34 98.60 98.35
Ig. loss 0.27 0.38 0.51 0.35 0.56 0.98 2.64
No.l. HAMTH, BESMLL (EEAR)
<GSJ R46710>
No. 2. " (REEH)
<GSJ R46TID
No. 3. ” (HEL > X)
<GSJ R46712>
No. 4 " (FEL - X)
<GSJ R46713>
No.5. HEBLE, ARERLE
<GSJ R46714>
No.6. ”
<GSJ R46715>
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Ha 579 (A&/®)
1. Glycymeris sp. cf. G. cisshuensis MAKIYAMA
2. Dentalium sp.
3. Turritella sp.

Ha 599 (/kEF&+/E)
1. Lucinoma sp.
2. Teredo sp.
3. Dentalium sp.

BoR KEFSBEOHMO(RE  WREX). AMIIF6R2H,
W 63 R

3 & KEFA/E

vy Ha Ha Ha Ha
591 881 879 876

Actinocyclus sp. cf. A. ingens - 1 4 2
A. octonarius 2 - - -
Actinoptychus senarius 4 23 2 24
A. splendens 3 - - -
Adoneis pacifica - - 2 -
Aulacosira spp. 2 6 4 -
Azpeitia endoi 2 - - -
Cocconeis californica 2 - - -
C. spp. 1 — — _
Coscinodiscus - lewisianus - - 1 -
C. marginatus 3 3 1 -
Hemiaulus bipons + - -~ -
Tkebea tenuis 10 - 1 -
Kisseleviella carina 4 - 1 -
Paralia sulcata 6 9 7 1
Rhizosolenia styliformis - 1 - -
Stephanogonia hanzawae 2 - — -
Stellarima sp. - 23 26 10
Stephanopyxis spp. 8 31 11 30
Thalassionema nitzschioides - 3 2 8
Thalassiothrix longissima 1 - 1 -
Total numbers of valves counted 50 100 63 75
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Ha 497 (B0 O/E)
1. Callithaca adamsi (REEVE)
2. Macoma sp.

Ha 739 (ZE0O /&)

1. Scapharca sp.
. Mizuhopecten sp. cf. M. yessoensis JAY
Cyclocardia sp. cf. C. ferruginea (CLESSIN)
Clinocardium sp. cf. C. buellowi (ROLLE) =++ereeseseersmeeeesseencns A
Clinocardium sp. cf. C. hataii (HAYASAKA)
Pitar sp.
Callithaca adamsi (REEVE)
Macoma tokyoensis MAKIYAMA ++e+rsstssesrerstsesssrsniniinesnsincannias A
Littorina (Ezolittorina) squalid BRODERIP et SOWERBY--+++++++>+ A
Mitrella sp.
Turboniella sp.

00 ~3 DD U A W

—
N ==

Bittium sp.

ot
w

Cerithium sp.

—
o

. Turricula sp.

Ha 375 (K&FHE)
1. Mercenaria sp. cf. M. yokoyamai (MAKIYAMA) «ceeoooerreeeeeeeeesen A
2. Glycymeris sp. cf. G. yessoensis (SOWERBY)

Ha 900 (K&E¥/E)
1. Mya japonica A. ADAMS
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Bivalvia
Arca boucardi JOUSSEAUME R
Scapharca subcrenata (LISCHKE) R
Crassostrea gigas (THUNBERG) VA
Anomia chinensis PHILIPPT VA
Trapezium joponicum PILSBRY VA
Cyclina orientalis SOWERBY A
Tapes philippinarum (ADAMS et REEVE) VA
Dosinia (Dosinella) penicillata (REEVE) F
Mevetrix lusoria (RODING) R
Saxidomus purpuratus (SOWERBY) R
Macoma lokyoensis MAKIYAMA VA
Mya japonica JAY F
Cryptomya busoensis Y OKOYAMA R
Gastropoda
Capulus yokoyamai QYAMA C
Batillaria muitiformis (LISCHKE) C
Rapana venosa (VALENICIENNES) F
Reticunassa festiva (POWYS) A
Mitrella bicincta (GOULD) C
Indomitrella lischkei (SMITH) R
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Pinus (Diploxylon) sp. R 1
Scirpus sp. R s
Smilax china LINNAEUS R 1

Alnus japonica (Thunberg) STEUDEL A fr
A Sp. R I
Betula grossa SIEBOLD et ZUCCARINI R 1
Carpinus tschonoskii MAXIMOWICZ VA C I,b
Corylus heterophylla FISCHER
var. thunbergii BLUME R s

(@]

Fagus crenata BLUME
Quercus serrata THUNBERG VA
Lindera umbellata THUNBERG
Hydrangea paniculata SIEBOLD
Rosa sp.

oo™

Wisteria sp.

Phellodendron amurense RUPRECHT R
Ilex cf. geniculata MAXIMOWICZ

I cf. nipponica MAKINO

Euonymus alatus (THUNBERG) SIEBOLD
Acer sieboldianum MIQUEL

—_ = = =

Rhamnus sp.

Berchemia racemosa SIEBOLD et ZUCCARINI
Tilia maximouicziana SHIRASAWA VR | A 1, fr
Trapa macropoda MIK1
T. incisa SIEBOLD et ZUCCARINI R fr

OB O

>
=

Kalopanax pictus (THUNBERG) NAKAI
Cornus controversa HEMSLEY
Rhododendron kaempferi PLANCHON
R. sp.

Styrax japonicus SIEBOLD et ZUCCARINI
S. obassia SIEBOLD et ZUCCARINI
Fraxinus cf. japonica BLUME
Viburnum wrightii MIQUEL
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ABSTRACT

GENERAL REMARKS

The mapped district lies in the northeastern margin of the Abukuma Mountains, northeast Japan.
In this district, the Hatagawa and Futaba Fracture Zones run from north to south. The two fracture
zones extend over a distance of about 100km along the eastern margin of the Abukuma Mountains.

The fracture zones have a width of 1 to 3km and are associated with mylonite and/or cataclastic

Within the Hatagawa Fracture Zone, three major faults are found: the Western, Central and
Eastern Faults respectively (Fig. 1). And within the Futaba Fracture Zone, the Futaba Fault is
developed. Within a narrow area between the Central Fault and the Futaba Fault, northeast-trending
Shajigami Shear Zone occurs. The Shajigami Shear Zone is cut by the faults of the Hatagawa and

Futaba Fracture Zones.

On the east side of the Futaba Fault, Mesozoic formations crop out in contact with the fault, and
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Tablel Summary of the geology of the Haramachi and Omika district
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Neogene formations are distributed widely on the rest of the district.

In the narrow area between the Central Fault and the Futaba Fault, pre-Tertiary metamorphic
rocks, sedimentary rocks, volcanic rocks and plutonic rocks occur.

On the west side of the Central Fault, so-called Abukuma granitic rocks and associated metamor-
phic and gabbroic rocks occur.

The outline of the geology in the district is summarized in Table 1.
PRE-TERTIARY ROCKS ON THE EAST SIDE OF THE CENTRAL FAULT

Pre-Devonian metamorphic rocks, Early Carboniferous to Middle Permian Paleozoic Formations
(Soma Paleozoic Formations), Middle Jurassic to Lowermost Cretaceous formations (Somana-
kamura Group) and Early Cretaceous volcanic and plutonic rocks occur. All of these geologic units
have similar lithologic features with those of the South Kitakami Mountains, and can be correlated
with the geologic units of the South Kitakami Mountains.

Suketsune Metamorphic Rocks

The Suketsune Metamorphic Rocks occur on the east side of the Shajigami Shear Zone, and consist
mainly of mafic metamorphic rocks with a small amount of pelitic and siliceous ones. The metamor-
phic rocks are regarded as thermally metamorphosed equivalents of the Matsugadaira Metamorphic
Rocks, which crop out in the Somanakamura District on the north of Haramachi District where low
-temperature high-pressure type regional metamorphic rocks are covered unconformably by the
Upper Devonian Ainosawa Formation.

Mineral assemblages of the Suketsune Metamorphic Rocks are as follows:

Mafic metamorphic rocks

pale-green amphibole + green amphibole + biotite + plagioclase + quartz tourmaline
epidote + garnet + clinopyroxene + calcite + sphene + plagioclase + quartz

Pelitic metamorphic rocks

quartz + plagioclase + biotite + sphene + tourmaline + chlorite
Siliceous metamorphic rocks
quartz + biotite + sphene

Soma Paleozoic Formations

The Paleozoic strata ranging in age from Early Carboniferous to Middle Permian is distributed in the
northern part of this district, and is in fault contact with the Suketsune Metamorphic Rocks. It
consists of neritic and inland sea deposits and is divided into the Mano, Tateishi, Uwano and Oashi
formations in ascending order.

The Mano Formation, consists of medium- to thin-bedded alternating sandstone and sandy slate,
and is Early Carboniferous in age. The sandstone is lithic wacke containing a large amount of
fragments of andesitic volcanic rocks.

The Tateishi Formation is correlated with the upper Lower Carboniferous (Visean) Onimaru
Series of the South Kitakami Mountains, and consists of schistose limestone with mylonitic deforma-
tion. The formation, 95m thick, covers unconformably the Mano Formation.

The Uwano Formation, about 800m thick, consists mainly of sandy shale and slate with subordi-
nate amounts of fine-grained sandstone, tuffaceous sandstone and limestone. The formation is
probably Early Permian (Sakamotozawa Series) in age. The relation between the Uwano and
Tateishi Formations is not clear because of lack of outcrop. But the biostratigraphic discontinuity
between these formations suggests the unconformable relationship of them.
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The Oashi Formation, more than 200m thick, consists mainly of fine-to medium-grained sand-
stone and conglomerate ("Usuginu- type conglomerate") containing granite pebbles. The formation
is assigned to the Middle Permian Kanokura Series.

Somanakamura Group

The Middle Jurassic to lowermost Cretaceous Somanakamura Group crops out in a narrow zone
along the eastern margin of the Abukuma Mountains forming a north-south trending anticlinorium.
The Group is divided into seven formations. However, in this district the upper four formations are
distributed and are conformable with each other (Table 1). The total thickness attains more than
1,600m.

The Tochikubo Formation consists of arkosic sandstone and shale with coal seams. This formation
is of nonmarine origin and yields abundant plant fossils.

The Nakanosawa Formation is made mainly of arkosic or calcareous sandstone, containing
impure limestone (Koike Limestone) in the upper. The formation is characterized by the
abundant occurrences of marine molluscan fossils. In addition, the Koike Limestone contains
abundant fossils such as stromatoporoids and corals which are common to those of the Torinosu

Fauna, and is assigned to the Early Tithonian based on the occurrence of Aulacospinctoides cf.
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steigeri and other ammonites.

The Tomizawa Formation is composed of arkosic sandstone and shale in very thick-bedded
alternation, and is very similar to the Tochikubo Formation in lithology. The formation lacking
marine fossils is considered to be mostly non-marine fluvial deposits.

The Koyamada Fomation, the uppermost part of the group, is dominated by black shale with
dacitic tuff interbeds. This formation is assigned mostly to Berriasian in age based on the presence
of Parakilianella umazawensis and Thurmanniceras sp.

Takanokura Formation

The Takanokura Formation is distributed along the eastern margin of the Abukuma Mountains,
and is intruded by Early Cretaceous granitic plutons. This formation is assigned to Hauterivian in
age by K-Ar dating. Early Cretaceous volcanic episode of this foemation is correlted with that in
the Kitakami Mountains. This formation comprises three lithostratigraphic units.

The lower unit, more than 500m thick, is a single, massive rhyolitic ash-flow tuff. This ash-flow
tuffis characterized by its great thickness and contains abundant ten-meter size blocks of accessory
volcanic rocks.

The upper unit, more than 1,000m thick, rests conformably on the lower unit without significant
eroded planes and consists of andesitic to dacitic lava flow and resedimented volcaniclastic rocks.

Undivided volcanic rocks cover the lower and upper units, and consist of meta-volcanic rocks such
as sheared andesite and dacite.

Intrusive rocks

The earliest intrusive rock is fine-grained hornblende gabbro and is intruded into the Soma
Paleozoic Formations and is thermally metamorphosed by the dikes of granodiorite porphyry. The
gabbro mass is bordered on the west by the Eastern Fault within the Hatagawa Fracture Zone.

The gabbro contains a considerable amount of magnetite, resulting in high magnetic susceptibility
of the rock. So, the gabbro differs distinctly from the gabbro which occurs on the west side of the
Central Fault and shows low magnetic susceptibility.

After the sedimentation of the Takanokura Formation, vigorous plutonism occurred in this region
during Early Cretaceous time. Medium-grained hornblende-biotite granodiorite (Kunimiyama
Granodiorite), medium- to coarse-grained biotite granite (Hachijoishiyama Granite), fine-grained
biotite-hornblende granodiorite (Nittagawa Granodiorite), medium-grained hornblende-bearing
biotite Granodiorite (Kawabusa Granodiorite), granodiorite porphyry and felsite were emplaced
successively.

And also, medium to fine-grained schistonse hornblende-biotite granodiorite was intruded along
the Shajigami Shear Zone, and hornblende porphyrite was intruded into the Somanakamura Group.
The Nittagawa Granodiorite, medium to fine-grained schistose hornblende-biotite granodiorite,

granodiorite porphyry and felsite occur exclusively along the shear zones or faults.
PRE-TERTIARY ROCKS ON THE WEST SIDE OF THE CENTRAL FAULT

On the west side of the Central Fault, Early Cretaceous granitic rocks and associated metamorphic and
gabbroic rocks occur.
Metamorphic rocks
Metamorphic rocks occur as relatively large-scale xenolithes measuring about 0.3 X 1km within
granitic rocks, especially along the medium-grained biotite granite and medium-grained hornblende

-biotite granodiorite. The metamorphic rocks consist of mafic and pelitic metamorphic rocks.
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Mineral assemblages of the metamorphic rocks are as follows:
Mafic metamorphic rocks
clinopyroxene + brownish-green hornblende + pale-green amphibole + plagioclase + quartz
Pelitic metamorphic rocks
biotite + muscovite + chlorite + quartz + plagioclase + K-feldspar + tourmaline
The metamorphic rocks are thermally metamorphosed by the surrounding granitic rocks. It is not
clear whether the rocks had already been metamorphosed regionally before they were captured in the
granitic rocks.
Intrusive rocks
Gabbroic rocks occur as a small mass of xenolith between the medium-grained hornblende-biotite
granodiorite and fine to medium-grained biotite granite. The gabbroic mass consists mainly of
clinopyroxene-hornblende gabbro and is associated with clinopyroxene-bearing quartz diorite.
Main granitic rocks in this region are as follows, in order of intrusion; medium-grained hornblen-
de-biotite granodiorite, medium-grained hornblende-bearing biotite granodiorite, medium-grained
granite (pink biotite granite), fine- to medium-grained biotite granite (gray biotite granite) and

granodiorite porphyry. They intruded during the Early Cretaceous time.
NEOGENE

The Neogene in the mapped district consists of Lower Miocene sediments, Lower to Middle
Miocene basaltic intrusives, and the latest Miocene to Pliocene Sendai Group.

The Lower Miocene sequence is divided into four stratigraphic units, namely the Shiote, Ten-
mydsan, Goyasu and Mizunoya Formations in ascending order.

The Shiote Formation is composed of fluvial conglomerate, lagoonal sandy mudstone and shallow
marine well-sorted sandstone. It is distributed on the west of the Futaba Fault. Marine molluscan
fossils and the Daishima-type Flora have been reported from this formation.

The Tenmyosan Formation is basaltic and andesitic pyroclastics. In this district, the formation
occurs in small lens-like fault blocks along the Futaba Fault, although it comformably covers the
Shiote Formation in the adjacent Somanakamura District.

The Goyasu Formation is made of micaceous marine bioturbated sandstone yielding molluscan
fossils. The Mizunoya Formation is marine mudstone intercalated with sandstone, conformably
overlying the Goyasu Formation. Both the formations are distributed on the east of the Futaba Fault
steeply dipping east.

In this district, several basaltic intrusives occur in the Pre-Neogene and the Shiote Formation.
Most of these intrusives are contemporaneous with the volcanic rocks of the Tenmyosan Formation.
However, some of them possess the Middle Miocene K-Ar ages.

The Sendai Group is distributed widely in the hilly area on the east side of the Futaba Fault.
Diatom biostratigraphy and magnetostratigraphy indicate that the Sendai Group is latest Miocene to
Late Pliocene in age. The group is divided by a sharp unconformity into two sedimentary cycles;
the lower (the Kameoka and Tatsunokuchi Formations) and the upper (the Mukaiyama and
Dainenji Formations) cycles.

The Kameoka Formation, the lowest of the Sendai Group, is non-marine deposits composed of
mudstone, lignite and acidic tuff. The Tatsunokuchi Formation conformably overlies the Kameoka
Formation, and consists of bluish gray massive mudstone and fine-grained sandstone deposited in the

intrabay environment. The Tatsunokuchi Fauna, one of the most important Pliocene molluscan
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faunas in Northeast Japan, occurs in the formation.

The Mukaiyama Formation is latest Early Pliocene non-marine sediments unconformably over-
lying the Tatsunokuchi Formation. It is composed of conglomerate, sandstone and mudstone inter-
calated with lignite seams and acidic tuff. The Dainenji Formation is Late Pliocene open marine
deposits composed of sandstone and mudstone. Many thin volcanic ash layers are intercalated in the
upper part of this formation. A large-scale submarine landslide deposit occurs in the uppermost part
of the formation. Marine diatoms, molluscus and fossil whales have been reported from the forma-
tion.

The Quaternary is distributed along the main rivers and coast, and comprises terrace deposits and
alluvium. They consist of gravel, sand and mud. The terrace deposits are divided into the Higher I,
Higher II, Middle I, Middle II, Lower I and Lower II Terrace Deposits. The Higher Terrace Deposits
are Middle Pleistocene in age, and others are Late Pleistocene. Alluvium is distributed along the each
river.

The Futaba Fault was active in the Quaternary time. The Abukuma Mountains were uplifted in
Pliocene to Early Pleistocene time being accompanied by faulting. The northern part of this fault has

been active even in Late Pleistocene.
ECONOMICAND ENVIRONMENTAL GEOLOGY

Iron ore deposits

Several iron ore deposits occur in the Haramachi district. The Takanokura Mine was the largest
one in this district, and is located to the west of Suketsune, Haramachi-shi. The ore deposits occur
as contact metamorphosed ore deposits within the limestone of the Soma Paleozoic Formations near
the medium- to fine-grained schistose hornblende-biotite granodiorite. The ore contains magnetite
and small amounts of pyrite and pyrrhotite, associated with skarn minerals such as garnet, diopside,
epidote, calcite and quartz. In the weathered zone, limonite, malachite, chrysocolla, and tenorite were
formed as secondary minerals. This weathered zone was worked later as copper ore deposits. The
Takanokura mine was closed in 1958, and none of the mines in this district are working today.

Building stones

For the aggregate, volcanic rocks of the Takanokura Formation and sheared granodiorite
(Kunimiyama Granodiorite) with granodiorite porphyry intruding it are quarried.

In the many places around the Iidate-mura, Futaba-gun, and Katsurao-mura, Namie-machi,
granitic rocks are quarried for building stones. These granitic rocks are so-called Abukuma granitic
rocks, and especially fine- to medium-grained biotite granite is valuable for its homogeneity and fine
-grained texture.

Groundwater and land subsidence

In the eastern lowland, the Pliocene and Quaternary sediments yield groundwater. It has been
pumped for agricultural and industrial use. Pumping of deeper groundwater brought about land

subsidence. From 1955 to 1977, maximum amount of subsidence reached 150cm in Haramachi-shi.
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