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(Abstract)

The Inukai district is situated in the eastern part of middle Kyushu, and
geotectonically stretches over both the Inner and Outer Zones of Southwest Japan.
The Inner Zone is separated by the Median Tectonic Line from the Outer Zone
comprising the Sanbagawa and Chichibu Terranes, the boundary of which is the
Usuki-Yatsushiro Tectonic Line in the district (Fig. 1). The Median Tectonic
Line lies concealed beneath the Upper Cretaceous Onogawa Group occurring in the Ono-
gawa Graben. Table 1 shows a summary of the geology of the district.

PRE-CRETACEOUS
The pre-Cretaceous of the Inner Zone is represented by the Asaji Metamorphic
Rocks resulted from Early Cretaceous granitic intrusions. The Asaji Metamorphic

Rocks are structurally divided into the lower Chokai and upper Hikata Units, between
which ultramafic rocks lie. The Chokai Unit consists mainly of metamorphic rocks
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Fig.1 Pre-Neogene tectonic framework of the Inukai district and adjoining areas.

derived from mudstone of probable Jurassic age with blocks of mafic volcanic rocks.
On the other hand, the Hikata Unit is made up of metamorphic rocks derived from
sandstone-dominated strata, which may be the Permian. Biotite, andalusite, cordier-
ite, sillimanite and hornblende are found in the metamorphic rocks. The ultramafic
rocks are composed mainly of pyroxenite and serpentinite accompanied with gabbro,
amphibolite and quartz-magnesite rock.

In the Sanbagawa Terrane occur the Sanbagawa Metamorphic Rocks derived from
the Jurassic through regional metamorphism of high P/T type in Cretaceous time. The
Sanbagawa M etamorphic Rocks consist of pelitic, basic and psammitic schists with a
small amount of quartz schist and crystalline limestone, and belong to chlorite zone
in metamorphic grade. The basic schist contains actinolite and crossite but lacks
lawsonite and jadeite. These schists form an anticlinorium plunging southwest at a
low angle beneath the Upper Cretaceous Onogawa Group, and are cut by many faults
nearly parallel to the fold axes. The Sanbagawa Metamorphic Rocks are bounded on
the Onogawa Group by the Sashu Fault, along which the Nishikawauchi Formation
(Permian?) is locally exposed. The formation is non-metamorphosed strata consisting
mainly of pelitic rock with interbeds of sandstone and conglomerate.

The pre-Cretaceous of the Chichibu Terrane comprises the Usukigawa Igneous
Rocks, the Shonoharu Metamorphic Rocks and Jurassic strata. The first two are
narrowly distributed along the Usuki-Yatsushiro Tectonic Line, and are in fault
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Table 1 Summary of the geology of the Inukai district.

Outer Zone of Southwest Japan
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The Usukigawa Igneous Rocks consist mainly of mylonite derived from
quartz diorite with amphibolite in the Inukai district, and are considered to be of
pre-Silurian age. The Shonoharu Metamorphic Rocks are composed mostly of pelitic
phyllite having a K-Ar age of 190+ 10 Ma. Their original rocks are regarded as the
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The Jurassic is distributed in the southeastern corner of the district.
into the Warabino, Chinnanzan, Okugawachi and Ozono Formations, showing a zonal
arrangement from northwest to southeast in this order.

These formations are separat-
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ed from each other by NE-SW trending faults. The Warabino, Chinnanzan and Ozono
Formations are composed of melange with mudstone matrix including clasts of such
rocks as basic volcanic rocks, limestone, chert, sandstone and siliceous mudstone.
The Okugawachi Formation consists of melange containing huge blocks of limestone
in the lower part, and sandstone, interbedded sandstone and mudstone and mudstone
with limestone lenses in the upper part. Radiolarian fossils from mudstone and
siliceous mudstone indicate that the Chinnanzan and Okugawachi Formations are
Early Jurassic in age, and that the Ozono Formation ranges from Early to Middle
Jurassic. The limestone yields Permian fusulinids and conodonts, while the chert
contains Triassic to Early Jurassic radiolarians.

EARLY CRETACEOUS GRANITIC ROCKS

Granitic rocks intrude into the Asaji Metamorphic Rocks, and are in fault contact
with the Onogawa Group. They are divided into the Kinegaharu Diorite, the Nioki
Granite, the Watada Granite and the Yamanaka Granodiorite. The third and last give
K-Ar biotite ages of 92.4 = 4.6 Ma and 122.0 = 5.6 Ma, respectively.

The Kinegaharu Diorite forms a heterogeneous mass in which fine- to medium-
grained quartz diorite and diorite are common, though coarse-grained diorite and
gabbro occur locally. Ultramafic rocks are occasionally contained as xenolith in the
diorite. The Nioki Granite is coarse-grained biotite granite, which is partly mylonit-
ized, especially along its northern margin. The Watada Granite intrudes into the
Kinegaharu Diorite. It is coarse-grained -biotite granite associated with quartz diorite.
The Yamanaka Granodiorite, being in fault contact with the Nioki Granite, com-
prises medium- to coarse-grained hornblend granodiorite, and quartz porphyry.

Beside the above, rhyolite and granite porphyry of latest Cretaceous age or younger
occur in the form of dikes on the north of the Onogawa Graben.

CRETACEOUS

The Cretaceous is represented by the Barremian Iwase Formation, the Aptian
Tamarimizu Formation, the Cenomanian to Turonian Tano Group and the
Cenomanian to Santonian Onogawa Group. The first three are distributed in the
Chichibu Terrane, and the last occurs in the Onogawa Graben. Most of these strata
are of marine origin.

The Iwase and Tamarimizu Formations are confined to limited areas, being in fault
contact with the Tano Group. The Iwase Formation consists mainly of sandstone and
shale with conglomerate, and yields Shasticrioceras sp. and Hypophylloceras cf. onoen-
sis. The Tamarimizu Formation is a shale-dominated, fossiliferous sequence contain-
ing Cheloniceras sp.

The Tano Group overlies unconformably the Lower Cretaceous in the southerly
adjoining Miemachi district. The total thickness attains 5,000m. The group comprises
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the Shiibaru, Yamazu and Notsuichi Formations in ascending order. The Shiibaru
Formation is made up mainly of conglomerate and sandstone in the lower half and
shale in the upper half. Birostrina nipponicus is obtained from a shale interbed in the
basal conglomerate. The Yamazu Formation consists of sandstone alternating with
shale in various proportions. On the other hand, shale is predominant in the Notsuichi
Formation except for the basal and uppermost parts composed mostly of sandstone.
This Formation intercalates acid tuff layers, and yields such fossils as Subprionocyclus
neptuni, Inoceramus (Inoceramus) hobetsensis and Mitiloides teraokai, indicating the
Turonian.

The Onogawa Group an extraordinary thick sequence of clastic rocks rich in
sandstone and conglomerate with occasional intercalations of acid tuff, and is inferred
to overlie unconformably granitic and metamorphic rocks of the Inner Zone at the
western extremity of the Onogawa Graben, though it is bounded on the basement
rocks by faults in the Inukai district. The group forms an asymmetrical synclinorium
plunging northeast with an axis stretching nearly parallel to and close to the Usuki-
Yatsushiro Tectonic Line. The axial part of the synclinorium, where the strata are
thickest, is occupied by several synclines associated with minor anticlines, which are
arranged in left-handed echelon.

Based on the cycles of sedimentation, the group is roughly divided into the Lower-
most, Lower, Middle and Upper Subgroups, each of them being subdivisible into two
or three formations. Every formation consists of two members. The individual
subgroups and formations show an upward-fining change in lithology. The successive
zones of Inoceramus (Inoceramus) hobetsensis, |.(l.) teshioensis, I. (I.) uwajimen-
sis, I. (I.) mihoensis and |. (Platyceramus) amakusensis are recognized in the group
except for the lower part of the Lowermost Subgroup which is nearly correlative with
the Tano Group. The lower two zones of Turonian age contain such ammonites as
Subprionocyclus neptuni, S. bravaisianus, S. cf. normalis and Reedisites cf. minimus.
The I. (P.) amakusensis zone succeeding the Coniacian I. (I.) mihoensis zone yields
Sphenoceramus lobatus diagnostic of the Santonian.

The Onogawa Group shows remarkable lateral changes in sedimentary facies and
thickness. The individual formations present peculiar facies changes laterally as well
as vertically. The facies boundaries run nearly parallel to the axis of the synclinorium
in many cases, which conincids generally with that of the sedimentary basin. Paleocur-
rent analysis based on sole markings reveals that most of the sediments were supplied
from the source area on the north of the basin by lateral currents which gradually
turned to become axial currents flowing down in the direction opposite to that of the
plunge of the synclinorium. However, it is sure that some conglomerate sporadically
occurring along the Usuki-Yatsushiro Tectonic Line consists of clastic material
derived from the south. During the deposition of the group the depocenter (most
intensely subsiding part) shifted step by step from southwest to northeast with time.
Integrating all the available data, the accumulation and deformation of the group are
considered to have been essentially controlled by the fault movements with both
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vertical and left-lateral components along the above tectonic line.
CENOZOIC

The Inukai district is lacking in the Paleogene, and is underlain by Neogene to
Quaternary volcanic rocks and sediments as shown in Table 1.

The Middle Miocene Ono Volcanic Rocks comprise the Mure Conglomerate, the
Shiraiwasan Pyroclastic Flow Deposit, the Koguraki Tuff, the Daisangoyama An-
desite and the Miyakeyama Pyroclastic Flow Deposit in ascending order. The secod
and last consist mainly of dense-welded rhyolitic pyroclastic flow deposits. The
Koguraki Tuff is represented by rhyolite / andesite tuff and sandstone, followed by
pyroxene andesite lava of the Daisangoyama Andesite.

The Sekinan Group is the lower half of Late Pliocene to Early Pleistocene deposits
of nonmarine origin, which are widely distributed in the northerly adjoining Oita
district. The group of the Inukai district consists mainly of gravel, sand and silt in the
lower and middle parts, whereas pyroclastic rocks (Shikido Tuff and Yabakei
Pyroclastic Flow) of rhyolite and dacite are predominant in the upper part. The
Yabakei Pyroclastic Flow erupted in the Jalamillo Event of 0.90-0.97 Ma. The
Tanaka, Mukono and Kugiono Gravel Beds are of Early Pleistocene age.

The Imaichi Pyroclastic Flow Deposit is a large-scale pyroclastic flow deposit of
pyroxene dacite effused about 0.8 Ma, and the overlying Chida Pyroclastic Flow
Deposit is of biotite rhyolite.

The Aso Pyroclastic Flows are extensively distributed in the district, especially its
southern half. The Aso-3B Pyroclastic Flow Deposit of the Aso-3 cycle of about 120
ka is non- to partly welded deposit of pyroxene andesite scoria flow. The Aso-4A and
Aso0-4T Pyroclastic Flow Deposits are products of the Aso-4 cycle of about 80 ka. The
Aso-4A Pyroclastic Flow Deposit is non- to densely welded deposit of hornblende
dacite pumice flow. The Aso-4T Pyroclastic Flow Deposit is orange-colored, non-
welded deposit of hornblende dacite pumice flow deposit.

The river terraces are at least of five different altitudes along the Ono Gawa and
other main rivers. Their deposits are composed of gravel, sand and mud, and occur
not only above the Aso Pyroclastic Flow Deposits but also beneath or within them.

ECONOMIC GEOLOGY

In the district are known nickel ore deposits related to ultramafic rocks in the Inner
Zone, dolomite in the Warabino Formation of the Chichibu Terrane and lignite in the
Mukono Gravel Bed, but all mines of them are closed. Hot springs occur along a
NE-SW trending fault which separates the Sekinan Group from the Asagi Metamor-
phic Rocks and ultramafic rocks. Sandstone of the Onogawa Group and andesite of the
Ono Volcanic Rocks are now quarried for aggregate at several places.
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