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ABSTRACT

Okinawa-jima of the Ryukyu Islands is geologically divided into three tectonic
belts of rock-types in its exposed or subsurface pre-Miocene basement complex ;
southeasterly, the inner Motobu, central Kunigami, and outer Shimajiri. These
belts are defined respectively by the Hedo fault between the former two belts, and
by the Tengan fault between the latter two. The Motobu belt consists of a gently
folded overthrust sheet of limestone and chert in association with the subordinate
pyroclastics, greenstones, and shale, and yields Permian fusulinids from the lime-
stone and bedded manganese deposits and radiolarian remains from the chert. The
Kunigami belt occupying the principal portion of the basement complex of the
island | consists of 1) a schistoze and phyllitic Nago Formation associated with
greenstones and bedded cupriferous pyrite deposits, and 2) less metamorphosed,
volcanic-free, Flysch (turbiditic) Kayo Formation. The Nago Formation contains
greenschist facies characterized by actinolite-epidote-chlorite schist. The Kayo
Formation near the type locality yields a supposedly fresh-water green alga,
Palaeodictyon majus Meneghini. The polymictic Attsu Conglomerate Lentil of the
formation contains limestone cobbles resulting from the penecontemporaneous
erosion and redeposition, which preserve the late Mesozoic Torinosu Limestone
flora (calcareous algae) and fauna (stromatoporoids and corals). The lentil at the
type locality also contains a carbonaceous seam yielding plant remains both palyno-
logic and xylotomic, and also various ichnocoenose. The outermost Shimajiri belt
is represented by younger (Miocene and Pliocene) sediments completely overlyng
the basement complex deeply buried in the subsurface.

* Part of this paper was read at the annual meeting of Hokuriku Branch, Geological Society of Japan,
held at Kanazawa on May 26, 1962. -
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The comparative geotectonics between southern Kyushu and the Ryukyus north
of the Miyako Depression leads to the conclusion that the Hedo and Tengan
tectonic lines in Okinawa are most probably comparable to the major tectonic
lines of Kyushu in their tectonic position; the Butsuzo-Ohsakama-Ushinohama and
Nobeoka-Shibisan Lines, respectively. Thus, the central Kunigami belt of Okinawa
is traceable to the northern belt of the Shimanto terrain in Kyushu, keeping a
similar width (about 20 km) of exposure throughout the distance for almost 500
‘km. The outer Shimajiri belt corresponds to the southern part of the Shimanto
terrain in the same manner. The northern part of the Yaeyama Islands (Ishigaki
and Iriomote) west of Miyako is named as Ishigaki belt and considered to represent
the innermost metamorphosed Paleozoic belt (glaucophane schist facies) not exposed
at Okinawa-jima. These zonal structures of the Ryukyu Islands were completed
before Miocene, but the succeeding geohistory of the islands, especially that of
the Miocene and Pliocene Epochs, was more or less controlled by the zonal structure
of the pre-Miocene basement complex. Certain Quaternary activities such as the
Pleistocene reef-building and Recent (Holocene) volcanism seem to be independent
from the zonal structure of the islands.
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INTRODUCTION

The purpose of this paper is to call attention to the fact that the basement
complex of Okinawa (Okinawa-jima) is mostly dated late Mesozoic and early
Cenozoic (early Tertiary) instead of being exclusively Paleozoic. The geotectonic
significance deduced from this new fact is also discussed in this paper.

According to his comprehensive work, Hanzawa (1935) dated the basement
complex underlying the partially Miocene (then Pliocene) and Pliocene Shimajiri
Formation to be Paleozoic, probably Permian, a conclusion based on his genuine
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discovery of Neoschwagerina and Verbeekina from Motobu Peninsula (Hanzawa,
1933). Recent extensive field mapping by Flint, Saplis and Corwin (1959), with
assistance of other members of the U. S. Geological Survey, vindicated the occur-
rence of fhe similar Permian fusulinids from two other new localities ; the western
end of the Motobu Peninsula and in Hedo-misaki. The fourth new: locality,
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Text-figure 1 Index map of the Ryukyu Islands

though probably close to the second one, of the Permian Neoschwagerinids was
also found, in the course of the present study, at the northwest of Shiokawa.
Non-diagnostic crinoid stems were found in the limestone basement of Ie-shima
(MacNeil, 1960, p. 5). Furthermore, Flint and others made clear that the Pérmian
beds containing the fusulinid-bearing limestone are all thrust over the undated
phyllitic metamorphic rocks (MacNeil, zbid., p. 12). The thrust sheet is interpreted
to have moved “outward” directed from the NW. Because of this structural con-
tact between the Permian crystalline limestone beds and the underlying metamor-
phosed rocks, the age of the latter was not determined. The rocks east of the
thrust have been divided into two units, the NagoA and Kayo Formations. The
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third phyllitic formation named Yonamine has been mapped to occur as windows
within the thrust sheet, to which the name of the Motobu Formation has been
given because of its extensive exposure at the Motobu Peninsula (stratigraphic
nomenclatures are after Flint and others, 26id.)

The result of my study of tﬁe eastern coast of northern Okinawa in 1960 and
1961, where the type section of the Kayo Formation crops out, indicates that the
formation is dated, at the oldest, late Jurassic. So far, no Mesozoic rocks, except
possible igneous rocks, have been identified on the Ryukyu Islands (MacNeil,
ibid., p.5).

KAYO FORMATION

General Description :

The Kayo Formation (Flint and others, 1959) is primarily composed of sand-
stone with a considerable amount of interbedded phyllitic clayslate, sandstone, and
conglomeratié sandstone and breccia. The Formation seems to exceed 1000 m in
thickness. Apparently the lower part consists of thick sequences of clayslate
interbedded with very thick sequences of sandstone and siltstone, whereas the
upper part is composed of alternations of sandstone and siltstone from a few
millimeters to more than four meters thick, interbedded with slate and phyllitic
beds or lenses that are generally less than 20 cm thick. The type locality is
al‘ong Highway 13 from a point just west of Szdake to Kayo and also along the
coast to Banno-saki (Text-fig.2). The most common lithology is sandstone, hoth
medium- and coarse-grained and composed of particles of quartz, feldspars (both
potash feldspars and plagioclases), and chert in sericitic, chloritic and “argillaceous”
matrix. Lithic and feldsparthic graywackes are the most abundant types of
sandstone, but the arkose is locally common. Graded bedding is commonly observed
where the sandy unit is not thick and dominant. Several thin beds of conglo-
merate and breccia are met with in the monotonous alternation of sandstone and
shale, and as described in the next section, three typss of the conglomerates may
be distinguished. The primary sedimentary structure such as cross-bedding, ripple
marks, and desiccation breccia are locally found to an appreciable amount. A
considerable part of the exposed Kayo Formation has been weathered into red
colovr, and the weathering is specially deep in the shaly sequence as around Kin,
Taira, and Kawata. The Kayo Formation gradually merges into the underlying
Nago Formation as observed along the coast of Kawata, for example, but, in many
cases, the relation is fault contact. The Kayo Formation is unconformably over-
lain by the Pliocene and Pleistocene sediments of the Ryukyu Group.

Three types of conglomerates :.

The conglomerate and breccia are not uncommon in the Kayo Formation, and

they seem to merge together. This is one of the major characteristics of the
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Kayo Formation. The conglomerates are all intraformational and mostly oligomic-
tic, and characterized by the well argillaceous matrix. Hanzawa (1935, p.34)
mentioned the conglomenatic beds at three localities; (1) Sedake, (2) Arumé, and
(8) Kawata. The second locality was mentioned by Tokunaga (then, Yoshiwara)
previously as early as 1901. Some geologists in Japan refer to this specific conglo-
merate as the “Usuginu-type” of late Permian (Kuman) age, because of their
bearing of granitic pebbles. I reexamined these localities; the conglomerates at
Sedake and Kawata are oligomictic, or almost oligomictic, whereas the ones at
Arumé (Attsu of this paper) are polymictic.

At least three types of conglomerates can be distinguished lithologically in
the field mapping.

(1) Flat, shale pebble conglomerate and breccia. In this type, all the pebbles
are black shale, flattened and angular in shape. This type of breccia is believed
to be formed by penecontemporaneous, probably subaqueous fragmentation and
redeposition of black shale (“desiccation breccia”). Turbidity flow probably was
responsible for the fragmentation and redeposition. This type of conglomerate is
the most common in the Kayo Formation and, for instance, observed at Sedake,
Kayo, and Kawata.

(2) Oligomictic conglomerate of argillaceous matrix. This type is the next
most common in the Kayo Formation. The gravels are mostly schistoze sandstone
and chert of granule to pebble size, but, occasionally well-rounded and worn pebbles
of quartz schist are also common. Very rarely granitic rocks have been found (at
Katabaru, north of Matsuda, Kawata, and east of Yona).

(8) Polymictic conglomerate of silty matrix. This is the conglomerate which
contains cobbles and pebbles of fossiliferous limestone, and various other rock
types. So far, its distribution is only known along Highway 13 at the south of
Arumé. Sandstone and shale are the most common constituents among the cobbles
and pebbles. An exceptionally huge boulder of coarse sandstone, about one and
a half meters in diameter (Text-
fig. 8) was found. Shale also oc-
curs as stringers and angular
fragments within the conglomer-
ate. Cherty pebbles and cobbles
are also common. As the micro-
scopic examination indicates, the
possibility of chertification from

the original limestone for some

chert pebbles cannot be ignored.

Some cherty pebbles are microscop- Text-figure 3 Unusually huge boulder of coarse
ically proven to be quartz schist. sandstone in the Attsu Conglomerate Lentil ;

. . basal bed (unit 1) of the lentil at the type section.
Few igneous rocks, graphic gran-
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ite, and altered porphyry. are also found as round and worn pebbles. A peculiar
rock type which almost entirely consists of quartz grains with a very small
amount of calcite cement but no matrix has been recognized among the pebbles.

The matrix of the conglomerate sporadically becomes sandy.

Polymictic Attsu Conglomerate Lentil

Because the dating of the Kayo Formation is mostly based on the coralline,
and stromatoporoidean fauna and algal flora found in the limestone cobbles of the
polymictic conglomerates near Attsu, the mode of occurrence of the conglomeratic
beds along Highway 138 between Teruku, south
end of Arumé village, and Attsu (or Attsubaru) faulted
is described below in some detail. Although its 0
distribution has not been mapped areally due
to poor state of exposure, the conglomeratic

beds are hereafter specifically named as Attsu

Conglomerate Lentil within the Kayo Forma- -
tion. The partial succession of the Kayo Forma- ”:' 2 ;
tion between an overturned anticline and a L{,;: ﬁ
fault represented by a small stream valley
(Yamato-gawa) which includes the type section
of the Attsu Conglomerate Lentil is shown in W
. 2
Table 1 and Text-figure 5. Ut
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‘Text-figure 4 A couple of polymictic beds in the
Attsu Conglomerate Lentil (units 23 and 25 of 0 0

the measured section) at its type section, along
the Highway 13, Attsu, Kushi-son, Okinawa.
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Text—figure b
Columnar section of the Attsu
Conglomerate Lentil
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Table 1

Measured section of the Attsu Conglomerate Lentil at the type locality
(about 550 m north of Attsu, Kushi-son, northern Okinawa ; measured by K. Konishi, July 22, 1961)
Late Mesozoic (Lower Cretaceous?)
Kayo Formation

Attsu. Conglomerate Lentil (top) Thickness (meters)
25. Conglomerate, almost oligomictic, contains flat cobbles of black chert possibly of limestone

origin, argillaceous matrix, overlain conformably by laminated sandstone:.«sceeceeeeererceienias 6.0
24. Sandstone, medium-grained, laminated «ceoceeeeveerioiiiiiiiiiiiiiiiiiiie e 0.5

23. Conglomerate, polymictic, resistive to weathering, contains lenticular layers of sandstones
and shale, pebbles and scarce cobbles of sandstone, rounded pebbles of limestone and

granitic TOCKS cevreessotoseeosanssosssansasssossosassosssnsanssssassasssossassssssssasanssssssssasassesssssssaasssonss 3.2
22. Sandstone, coarse- and medium-grained, cross-laminated, defined the top and bottom

by thin layers of black shale cecceevererorniiriiiiiiiiiiiiiarieiotiusiiiiiniesieniiiiieiieusesorcissisnonsans 0.1
21. Sandstone, granule-conglomeratic, contains angular pebbles of black shale sporadically :«+-.- 1.3
20. Conglomerate, polymictic, contains exclusively pebbles of shale, sandstone, and igneous

rocks, MALTIX ATECNACEOUS «teeeseersaassasttescertateasessssossssasssssosssesasssasessosssssassssssssnsssssssasnaas 2.2
19. Sandstone and shale, frequent alternation ; sandstone, medium-to coarse-grained, cross—

laminated, rippled SUTIFACE ceereersererearrromrrrnnormreucraortononnrrnrensreostsssoseanssmssassssssessennssnes 0.5
18. Sandstone, coarse-grained, laminated, gradually transitional from the underlying

conglomeratic DEA ceereccetscaneciisiistioiannttcttsaesscatsoossisascsascossaatssssastanassissaasstesssaassossssantns 0.3
17. Conglomerate, polymictic, same as the unit 15. ceeeeerooeeerromerrenmarerereomieerereonerernnianeenees 3.2
16. Sandstone, medium-grained, laminated, the top surface rippled broadly (amplitude 1.3cm,

wave length ZOCm) ................................................................................................... 0.5

15. Conglomerate, polymictic, contains angular and flat cobbles and pebbles of shale, sandstone,
and fossiliferous limestone, and rounded pebbles of chert, quartz schist, sandstone, and
igneous rocks, matrix argillaceous «+eesveereereimmrrmriaririiiiiiiiuiiieiiiiiioriiiiiitiiiriiotiiiiisenes

14. Sandstone, medium- to coarse-grained, Jaminated, rippled at top

13. Sandstone, coarse-grained, very thinly laminated, argillaceous matrix, partly
CONGlOMETatiC cerereereorsntretienrenieciernertrarneiiorieieneesiasreorionocaonsanns

12. Shale, black, very thinly alternate with fine sandstone layers

11. Sandstone, medium-grained, laminated except massive upper 0.9 m, black shale layers in
tHe MIAAIE creereeerrtorocnanrtorosnsncosiassessonnaseecanassenasssosssnnseassssassocssssssossanscsssssanosssasosssssssss 1.7

10. Conglomerate, granular, almost oligomictic and breccia at the basal part, matrix argillaceous,
intercalated shaly stringers ; merges upwards into coarse, rippled sandstone preserving
TCNNIOfOSSIIGe et eneerssernusnniuonueuenaanioncrnosssossasssonsonsssesnscncsnssasoscsasossansssosscnsssosssssassonsonsonsss 2.3

9. Sandstone, coarse—grained, cross-laminated and rippled, contains lenticular layers of
conglomerate of argillaceous mMAtrix «ecresersereernetesnariirtnrensrnirtioronetnrtiosieresesisonnsnssissens

8. Sandstone and shale, finely alternated .
7. Sandstone, graywacke, coarse-grained, planary cross-laminated, very poorly sorted to

unsorted, matrix silty, upper 0.7 m almost mudstone, fossiliferous carbonaceous lentil
(3.8-5.0cm thick, 25cm long) 2 m below the fop «-ereeeesesserersoresmrsimmnimuiiniiiiiienes 4.9

6. Sandstone and shale; sandstone, pale green and gray, laminated, quartzose; shale, black --- 4.8
5. Sandstone and shale, thinly alternated, yields tubular and linear ichnofossils up to 7 mm

N QIAIMELET ceceecereroorrnuacnoneessoncesostsssosossssscssasssnsssansasssassssssssssassssssstsscscssssssssssssssssssnss

4. Sandstone, medium-grained, very hard, quartzoze - .

3. UnNEXPOSEA tereeereerucuternnruriirioniesioniaeitoronsarsaseonontnsstensonsncnsonsssasesonssssssssssssssssssssnonsssssone

2. Sandstone and shale ; shale, black, intercalates with sandstone as thin layers; basal part
brecciated because of a minor thrust passing at the base of the unit -eeceveecreeiieniniiiie.. 5.0

1. Conglomerate, polymictic, mostly argillaceous matrix, contains huge boulder of coarse
sandstone, cobbles mostly sandstone, a few flat shale, rare limestone with pelletoidal
structure and igneous rocks (graphic granite and altered porphyry) creeecceersereceraicoceeienes 7.5

Total thickness 71.8
Base of Attsu Conglomerate Lentil

Sandstone, sheared, pale green, medium-grained, interbedded with shale; tubular ichnofossils
at the base of this unit; the whole sequence is overturned by an overfolded anticline.
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Limestone Cobbles and Pebbles ;

In the field, two types of limestone have been recognized; one is crystalline
and gray in color, and the other is faintly recrystallized and dark gray to black.
The first is usually pebble or small cobble (64-128 mm in diameter, for instance)
in size and seems not to preserve any organic remains. The second type of lime-
stone shows the great degree of variety in the recrystallized state, apparently
depending on the size of intraclasts. In general, the larger the intraclasts the
less recrystallized. This type of limestone contains more than two types of tex-
tures : 1) intrasparudite, and 2) pelsparite (nomenclature after Folk, 1959).

So far, five fossiliferous limestone cobbles (small and large) have been exa-
mined under the microscopz and a prolific assemblage of calcareous algae, corals,
and stromatoporoids were found in the largest, cobble-sized gravel (300x350x500
mm). A poorly preserved coral tentatively identified as a species of Thamnasteria
was obtained from a fist-sized pebble. Another cobble preserves the pelletoidal
texture in association with scattered shell fragments, but no diagnostic remains.

The dark-colored intrasparudite appears to suggest deposition above the wave
base. The intraclasts are usually detritus of algae, stromatoporoids, and corals
interspaced by clastic calcareous or non-calcareous matrix. The non-calcareous
matrix is represented by terrigenous, coarse-to fine-grained sand of quartz, feld-
spars and rock fragments. The insoluble residue of the limestone was obtained
from the solution of 200 grams of crushed sample into a 10 % dilute solution of
hydrochloric acid. It exceeds 8 % (8.43 % as the highest, though) on the average
of five samples and is mostly composed of medium sand to clay-sized particies of
terrigenous quartz. Thin section study also proves to be a similar percentage of
the terrigenous quartz of subangular to subround roundness. The quartz grains
are partially and peripherally replaced by sparry calcite cement. Some silt and
clay-sized grains are coated by bituminous substance, which also occurs as individu-
al aggregate of minute particles ranging from silt to fine-grained sand in
diameter.

The lithology and texture of the limestone indicate therefore a shallow site
of deposition for the limestone. While the pebbles of the igneous rocks and some
cherts are definitely terrigenous, those of the most sedimentary rocks probably
resulted from the penecontemporaneous subaqueous erosion or fragmentation due
to turbidity flows, which resulted in the deposition of the polymictic Attsu
Conglomerate. The graywacke nature and the paucity of other organic remains
suggest that the whole sequence of the Kayo Formation was deposited at a certain
depth, probably rather below wave base where the water was stagnant for the
most time, but episodic introduction of the masses of the terrigenous and much
inshore sediment through the turbidity flows has resulted in such intraformational
conglomerate as the Attsu Conglomerate Lentil. The limestone was thus probably

formed much further inshore than the site of the deposition of the Attsu Conglo-
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merate and was “brought in” through the process of sedimentation of the conglo-
merate. ‘

Fossil Assemblage in the Limestone Cobbles ;

A detailed paleontologic study of the fossil assemblage found in the limestone
cobbles is in progress, and the following discussion is based on the result of the
preliminary investigation. So far, one coral (Thamnasteria sp.), three stromato-
poroid (Parastromatopora japornica Yabe et Sugiyama, Milleporidium lobatum Yabe,
and Milleporella n. sp.) and two algal (Pycnoporidium aff. lobatum Yabe et Toya-
ma, and Petrophyton tenue Yabe et Toyama) species have been identified. At least
one spongiomorphid coral yet unidentified is to be added to the assemblage. As
a whole, this assemblage definitely represents the characteristic species of the
“Torinosu Limestone facies” which ranges from late Jurassic (Oxfordian) up to
early Cretaceous (Miyakoan) (Tamura, 1961) or even the early part of late Cre-
taceous (Gyliakian) (Katto ¢z Katto and Sawamura, 1961). It is believed that the
Torinosu Limestone facies is most dominant within the Torinosu Series ranging
from Callovian to Tithonian (mostly Kimmeridgian) but also common in the early
Cretaceous deposits. Discussing the paleontologic criteria in order to segregate
late Jurassic Torinosu fauna in the Torinosu Series from the early Cretaceous
“Torinosu-type fauna”, Tamura (1961) claims that one can distinguish them only
by means of careful analysis of the coral and pelecypod species, and possibly of
“Cidaris” spines. Either pelecypods. or “Cidaris” spines are not well represented
among the Attsu fauna. The coral species in the fauna is so poorly preserved,
and neither stromatoporoid nor algal species can be good index fossil for the pur-
pose. Therefore, the dating of the Attsu assemblage is restricted to a certain span
ranging from Oxfordian to Miyakoan (or possibly to Gyliakian), until some short-
ranged species is found.

Because stromatoporoids are extinct animals, their ecology is only deduced
from the analysis of the ecology of the associated biota and the petrology of the
lithologic association. Lecompte (1956) claims that the Mesozoic stromatoporoids
occur in a neritic shallow-water environment. A probable ecologic requirement
for the algal genus Pycnoporidium was suggestéd by Johnson and Konishi (1961) as
being in tropical shallow water ranging in depth to approximately 10 meters, both
in sheltered and in more exposed places. These general concepts agree with my
interpretation of the sedimentary process of the Attsu Conglomerate Lentil.

Terrvestrial Plant Remains in Carbonaceous Seam ;

A carbonaceous le ntil 3.8—5.0 cm thick (in the sandstone unit no. 7; see
Text-fig. 5) within the Attsu Conglomerate Lentil was examined both in thin
section and disaggregated particles for a palynological study. As the byproduct
of the study, a xylotomic fragment of possibly a bark tissue of conifers has been
found. So far, two types of pollen (a vesiculate type pollen resembling Pinus
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strobiformis Bolkhovitina (Aptian) and a tricolporate type pollen of Castanea type),
and two types of spores (one similar to Blechnum brachylohatum Bolkhovitina
(Cenomanian) and the other comparable to Leiotriletes aff. perpusillus Bolkhovitina
(lower Hauterivian)) have been tentatively distinguished by Fuji (personal com-
munication dated March 25, 1962). Even though these microfossils cannot be diagnos-
tic for dating, at present, it is safely concluded that the flora represented by the
microfossils is younger than middle Jurassic, because the tricolporate pollen is known
only among the angiosperms and the oldest representative of this type of pollen has
been ;ecorded from Albian, according to Fuji. Inasmuch as the result of this palyno-
logical study is to be reported elsewhere in the near future, it is only mentioned
here that this is the first report of the palynological remains from the so-called

Undifferentiated Mesozoic and Lower Tertiary terrains of the Japanese Island Arcs.

Ichnofossils™

So far threeltypes of ichnofossils
have been distinguished in the collec-
tion.

1. Helminthoida-type A; this type
has been found in an appreciable
amount from Attsu and Sedake. They
are characterized by long, simple, nar-
row S-shaped round tubes of uniform

diameter almost throughout the ob- .
Text-figure 6 Helminthoida—type A from

Kayo Formation about 20 m north of the
The diameter ranges from 0.9 mm to type locality of the Attsu Conglomerate
Lentil north of Attsu. The average dia-
meter is 1.0 mm.

servable length (Text-figs. 6 and 7).

1.7mm (1.0mm on average) in Attsu-1
collection, 1.7 mm on average in Attsu-
2 collection, and from 1.1 — 1.5 mm (1.8 mm on average) in Sedake collection.
The Attsu-2 collection was obtained from the rippled surface in the alternation
of sandstone and shale, north of Attsu.

2. Helminthoida-type B; this second type is tentatively compared with Hel-
minthoida because of the irregularly S-shaped nature of the tube (K-1,-4 of Text-fig.
7). It has a large diameter, occasionally overlapping pattern of the tubular arrange-
ment. Also the entire length observable is usually much shorter than the type A. The
diameter of the tubes ranges from 2.0 to 4.1 mm (8.3 mm on average) in the
collection. Furthermore, the sandstone preserving this type seems to be slightly
coarser in grain size than that of the type-A. The present type is rather common
in the coarse-grained sandstone covered by thin black shale at the east of Kayo.

3. Palaeodictyon-type; the collection referred to as this type consists of two
slabs, although in the field, this type of fossil was observed extensively on the
bedding planes of alternation of sandstone and shale, 200 m east of Kayo. The

fossils are represented by flat, reticular impressions with hexagonal meshes partly
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. destroyed. The mesh structure
é‘*""\ is asymmetrically hexagonal,
4 when completely preserved. The
diameter of the meshes varies
from 8.9 to 7.3 mm. Each “cell”
of the meshes is 1.5—3.6 mm
long and 0.5—1.7 mm thick in a
specimen(K-6), and 4.7—6.6mm
long and 1.7—2.1 mm thick in the
other specimen (K-5). The sta-
tistical values and the regu-
larly hexagonal mesh structure
indicate that the Kayo speci-
mens are identified as Palaco-
dictyon majus Meneghini.

Although ichnofossils are
usually no indices for any specif-
ic time of geologic column,
they have been reported mostly
in the Flysch type turbidite
of late Mesozoic to Cenozoic
deposits more than the older
ones in Japan; especially in the

o / 2 3¢m “Unknown” (or undifferentia-
| S T S—— )

Text—figure 7 Ichnofossils from the Kayo Formation : ted) Mesozoic complex .defining

As Attsu: K 3 Kayo : S ; Sedake ; the outermost tectonic zone

of Southwest Japan. In most

common records of the organism preserved, the complex is very scarce, but the

rare finds of certain index fossils, cither rare planktonic organisms, mainly fora-

minifers,or few redeposited assemblages of shallow-water animals and plants,

have made it possible to date-the parts of the complex. The paucity of the life

record other than ichnofossils in the complex makes very characteristic Flyscﬁ
sediments. '

Within the last decade, paleontological work on these ichnofossils from south-
ern Shikoku was carried out by Fukada (1951) and Katto (1952, 1960a, 1960Db),
and they segregated many forms and “species” (Table 2). Apparently no form com-
mon in both southern Shikcku and Okinawa can be recognized. A “Helminthoid”
named Tosahelminthes curvata Katto closely resembles Helminthoida-type A of this
paper in gross morphology, but differs from it with the smaller diameter. Hel-
minthoide-type B from the Kayo Formation differs from T. curvate in the irregular

pattern and much shorter lengths of the tubes. These two forms of Helminthoida-



Pre-Miocene Basement Complex of Okinawa, and the Tectonic Belts of the Ryukyw Islands 581

type from Okinawa are interpreted as the pre-depositional burrows of fossil
worms comparable with the Recent genera as Efeone and Paraonis.

Table 2 List of Ichnofossils from Shikoku and Okinawa (data of Shikoku after.Katto,
1960; the dating of these formations in Shikoku is based on Katto’s work of
the molluscan fossils).

Susaki | Naharigawa | Muroto | Shimizu | Misaki | Kayo
\ Occurrence Fmt. Fmt. Fmt. I Fmt. Fmt. Fmt.
For Shikoku! Shikoku Shikoku | Shikoku | Shikoku | Okinawa
Fotm \ (Cret.) | (Eocene) | (Eocene)|(Eocene) | (Oligoc.)| (Cret.?)
Porifera | Spongia shikokuensis Katto X
Noroitos tosaensis Katto ‘ X
N. murotoensis Katto X X
:‘g Tosalorbis hanzawai Katto X
«
”é T. peculiaris Katto X X
@/ Terebellina shikokuensis Katto X X
:S Ophiomorpha nodosa Lundgren X
é) Cylindrical structure X
<
Excrements possibly of Noroites X
Excrements of unknown affinity X
Trail of | Tosahelminthes curvate Katto . X
Casting | Helminthoida—typesA and B - ’ X
Excrements of unknown affinity X
‘Worm borings X X
Worm casbtings X
Molluscan shell-borings X
Algae? X
Algae? | Palazodictyon majus Meneghini X

The Palaeodictyon-type fossil in the Kayo Formation can be important in the
paleoecological implication, if the interpretation to an algal nature advanced by
Koriba and Miki (1939) is accepted. Some paleontologists are still skeptical about
the taxonomic connotation of the genus and inclined to consider it in terms of
animal burrows (“Weidespuren”) instead (Secilacher, for example). The question
is being raised repeatedly (Fischer, 1957). Polygons similar to, though larger than,
the ones from Kayo Formation have even been interpreted as interference ripple
marks produced by the thrashing action of the tadpoles (Maher, 1962). Koriba and
Miki (1939) concluded that the habitat of Palaeodictyon was brackish shallow water
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of lagoon and estuaries, because the living species of the family Hydrodictyaceae
(Chlorococeales,Chlorophyceae) to which the genus is placed are all of fresh water
algae in shallow water.

“They lived then as benthos on the mud, bestowed there with vigorous growth, often attaining
several decimeters in size. But the shallow water is easily disturbed by wave and as Pdlaeodictyon

is not adhesive to the substratum, the coenobium must have been been exposed very often to the

turbulence, .-+ , show the circumstances clearly. «-:-+ Under the benthonic condition of life the
coenobium, ««e--» , cannot advance so far to the deep bottom of open sea, ---- , the littoral habitat
threatens its life not a little, ------ Sudden change of sea-level is therefore in either case menaceful”

(Koriba and Miki, 1939, p. 64).

The fact that Palaeodiciyon has been reported in a strictly marine sequence
(Barbier, 1956; Pugin, 1957) indicates that the remains of brackish plants were

evidently washed into marine environment and transported by turbidity current.

Structure :

The structural contrast between the pre-Miocene and post-Miocene (partially
Miocene in subsurface) rocks in Okinawa is very distinct; the pre-Miocene rocks
such as Kayo Formation are highly folded and faulted, and are locally intruded
into by igneous rocks, whereas the over-
lying beds are only faulted and tilted.
In general, isoclinal folds consisting of
series of anticlines and synclines over-
turned to south to southeast seem very
common within the Kayo Formation
(Text-fig. 8). Such folds associated with
many large and small thrusts have pro-
duced the northwesterly dipping trend
of the Formation. These thrusts were
complicated by the later high-angled

. . t—fi Typicall rturned (recum-—
longitudinal faults such as, for example, Text-figure 8' ypically overtd (

bent) fold in Kayo Formation west of
the Nago fault, and by transverse nor- Kawada

mal faults of dip direction. The typical

structures of the Kayo Formation mentioned above are best observed along the
coast and Highway 13 from Kayo to Arumé (Text-fig.8 of Flint and others, 1959).

Correlation :

The Attsu Conglomerate Lentil of the Kayo Formation is dated to a certain
time between Oxfordian (late Jurassic) and Gyliakian (late Cretaceous) on the
basis of the Torinosu-type flora (calcareous algae) and fauna (stromatoporoids
and corals) from the type locality of the Lentil. The palynological remains from
the'same locality prove that the Lentil cannot be older than the middle Jurassic,
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So far no Mesozoic sediments have been paleontologically identified from the
Ryukyu Islands. The closest exposure of the definitely Mesozoic sediments is the
late Jurassic “upper Torinosu Limestone” at Yamagami, near Noma-no-ike, Kasasa-
machi, Kagoshima Prefecture (Eguchi, 1942), which is litologically similar to but
paleontogically different from the Attsu Conglomerate Lentil. The comparison
of the fossil assemblages between two localities is shown in Table 3. The further
difference is that the limestone at Nomo-no-ike is much larger in size (20X 80
m) and apparently authochtonous within the alternation of sandstone and shale.

Table 3 List of Torinosu Limestone-type flora and fauna from the Shimanto
terrain in Kyushu and Shikoku and from Okinawa

\\\w — Location | Giinawa |s. Kyushu S. Shikoku Formosa

———

- Smamic it [y G| Nopte | P [ | S £

E. Cret.(?) [Late Juras.| Miyakoan Gyliakian Eocene

Species

Acanthogyra? sp. X
Alcyonaria? sp. X
Astrocoenia sp. X
Chaetetes? sp. X
Cheactetopsis crinita Neumayr X
Elephantaria sp. X

Latomeandra sp. X
Stylina (Convexaster) motonobui
Eguchi

Stytma aif. mabutii Eguchi X

Stylina sp. A X
Stylina sr. B X
Stylosmilia sp. X
Thamnastrea sp. X X

Anthozoa
b

”Spongiomorphid coral® X

‘ Hydroida
(Spongio—
morphid)

Actinostromaria shimizui Yabe . <
and Sugiyama
?Circoporella? sp.“ (Burgundia) X

Milleporella (?) n. sp. X X
Milleporidium lobatum Yabe X
Milleporidium sp. X
Milleporidium? n. sp.

? Stromatopora sp.”
” Stromatoporella? undulata Yabe
and Sugiyama®
Parastromatopora ijaponica X
Yabe and Sugiyama
P. inouyei Yabe and Sugiyama X

P. kotoi Yabe and Sugiyama

P. memorianaumanni Yabe
P. mitodaensis
Yabe and Sugiyama
Tosastroma kiiensis Yabe and X
Sugiyama
T. tokunagai Yabe and Sugiyama X

Stromatoporoids
PR R X

ol
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Kitakamiania eguchii Ishijima X
Lithothawmium sp.
Lithocodium morikawai Endo

Nipponophycus sp.

Parachaseteles tosaensis Endo X

(MS)

Petrophyton tenue Yabe X

Pycnoporidium lobatum Yabe
and Toyama

Solenopora alternata Endo (MS) X

Solenopora rothpletzii (Yabe) X

Stenoporidium angularis Endo <
(MS)

S. chaetetiformis Yabe and

Toyama

Stenoporidium sinuosum Endo X
(MS)

Stenoporidium sphericum Endo X

Mo

Algae

According to Tamura (1960, p. 34-35), the limestone-bearing beds at Nomo-no-ike
can be divided into three units, upper limestone-bearing shale, middle sandstone,
and lower alternation of sandstone and shale. The upper shale unit includes an
oligomictic conglomerate layer about 10 m thick, characterized by cherty round
pebbles. He claims that the other polymictic conglomerate with shaly breccia and
round chefty pebbles found in the middle sandstone unit is characteristically of
the “Shimanto-type”. Recently, Hashimoto (1962a) introduced formational names
based on his new classification for the same bads. Thus, Tamura’s upper shale
unit was called Nomaike Formation (late Jurassic; 800+m) and lower and middle
units were grouped as Kozakiyama Formation (Cretaceous?; 1000-m). The two
formations are in contact by a fault. Polymictic conglomerates are prominent in
the lower member of the Kozakiyama Formation.

Similar Torinosu-type limestone facies (occurring as lentils) have been report-
ed from many localities in the northern Shimanto terrain of Shikoku. Doganaro
(Miyakoan), Hayama (upper Miyakoan — ? Gyliakian), and Suzaki (? Gyliakian)
Formations yield the Torinosu-type flora and fauna from the limestone lentils,
according to the nomenclature proposed by Katto (Katto and Sawamura, 1961).
The dating of these formations has been challenged by Tamura who believes that
the Torinosu-type flora and fauna range from late Jurassic to only Aritan. In
fact, Matsumoto, Kimura and Katto (1952) reported the occurrence of early Miya-
koan ammonites from the Suzaki Formation. The comparisons of the species
between the formations, both Shikoku and Okinawa are also shown in Table 3.
Lithologically, the Suzaki Formation containing beds of greenstones, limestone and
chert seems to resemble the Nago Formation, whereas the conglomerate-bearing
Flysch psammite Hayama Formation suggests similarity with the Kayo Formation.
The unfossiliferous Nonogawa Formation, another conglomerate-bzaring bed, ap-
parently underlies the Suzaki Formation and is lithologically akin to Kayo Forma-
tion. The Doganaro Formation contains cherty beds, which seem to be absent in
the Kayo Formation, :
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There is an obvious lithological resemblance of the thick “undated Mesozoic
strata” at Yaku-shima (Isso, Miyanoura, Funayuki, and Mugio Formations by Hashi-
moto, 1956), Tanegashima (Kumage Formation by Hanzawa, 1935), and the nor-
theastern end of Amami-o-shima (Kazuno and Ohgachi Formations by Hatae and
others, 1959) with the Kayo Formation at Okinawa. All of them are Flysch-type
alternations of rather monotonously repetitive thick sandstone and shale, with
peculiar sedimentary structures both physical and organic. Without the diagnostic
evidence, however, further comparison of the Kayo Formation with any above-
mentioned formation is impractical. A comparison between the possible equivalents
based on the regional geotectonics is discussed elsewhere (p. 589).

In the northern part of Taiwan where the Ryukyu Islands makes junction, with
the Formosa-Luzon (Philippine) arc, one unnamed subsurface late Jurassic bed
(“Holcophylloceras bed”) (Lin, 1961), and many other supposedly Mesozoic forma-
tions have been reported (Yen et @l., 1956 ; Chang, 1958, p. 14-15). Except for the
first bed, however, these formations apparently lack the paleontologic evidence to
determine the geologic age. Ma (1951) identified two latest Cretaceous corals,
Asterocoenia sp. and Elephantaria sp., from the limestone pebbles of the conglo-
merate bed within Eocene Suo Series. These genera are not found in the Attsu fossil
assemblage. Thus, it seems unwise at present to compare the Kayo Formation
with any of the Mesozoic formations in Formosa without paleontologic data, even
though it is highly possible that some Mesozoic formations of Formosa are
correlated with the Kayo Formation.

STRUCTURAL ZONATION OF THE RYUKYU ISLANDS

Criteria for tracing the tectonic belts in the Ryukyu Islands :

In order to define the tectonic belts and to trace them within an orogenic
belt, an indirect approach other than the tracing of the tectonic lines can be
adopted for a poorly exposed terrain. As in the case of the Ryukyu Islands; it can
be by tracing 1) the similar association of lithologies and “metamorphic facies”,
2) the ore deposits of the similar origin,and 38) the distribution of the similar
type of intrusives. In the present case, 1) lithofacies and “metamorphic facies”
of the Paleozoic rocks, Nago Formation and Kayo Formation in Okinawa, and their
correlatives in the other islands, 2) distribution of the bedded cupriferous iron
sulphide and manganese ore deposits, and 3) types of the Tertiary sediments
blanketting the basement rocks are used to recognize and differentiate three tec-
tonic belts in the Ryukyu Islands north of Miyako.

Okinawa Islands :

In Okinawa-jima, the crystalline limestome of Permian age is thrust over
the phyllitic rocks at Motobu Peninsula (on the Yonamine Formation) and along
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the western coast of the island north of the peninsula on the Nago Formation
(MacNeil, 1960, p. 12). The thrust is best observed “along the north side of Ie-
shima” (MacNeil, 7bid.) and south of Hedo-misaki (or north of Ginama). According
to MacNeil (¢bid.), “a klippe of the same
limestone occurs -+ north of Shanawan
(Shioya-wan) at an altitude of about 300
ft above sea level”. This thrust plane
is mostly below sea level at the Motobu
Peninsula but dips 30-45 degrees south-
westwards at the north of Ginama
(Text-fig. 9). It is called hereafter as

Hedo thrust and represents the tectonic

boundary between the metamorphosed

: ‘ (phyllitic and schistoze) non-calcareous
Text-figure 9 Distant view of the Hedo

thrust north of Ginama; looking at north. rocks and the overlying less metamorpho-

sed fusulinid-bearing calcareous rocks.

The basement complex east of the thrust or underlying the thrust is compos-
ed from the phyllitic rocks of greenstones, clayslate, sandstone, chert and crystal-
line limestone, and lithologically divided into (1) the Nago Formation of green-
schist facies and (2) the Kayo Formation described above. The Nago Formation
contains actinolite-epidote-calcite schist, quartz-sericite-oligoclase schist, sericite-
graphite-quartz schist, and saussuritized gabbro. The epidote-albite-hornblende-
schist mentioned by Taneda (1961) from the Kunigami area must be from the Nago
Formation.

The other major tectonic line has been recognized even though its exact loca-
tion could not be verified in the field (MacNeil, 1960, p. 13). This is the border
between the Plio-Miocene Shimajiri Formation on the southeast and the phyllitic
Nago Formation on the northwest, passing close to the town of Tengan (Text-fig.
2; also Text-fig. 5 of MacNeil, 1960). The southernmost outcrops of the Nago
Formation have been observed along Highways 16 and 24. At the south of Kombu
(north of Tengan), the Formation of phyllitic sandstone and clayslate dipping
northerly 37 degrees with the strike of N65° W is confirmed as the southernmost
outcrop. The term Tengan fault is proposed here for the large, though assumed,
tectonic line.

Thus, Okinawa-jima can be roughly divided into three tectonic belts, from
northwest to the southeast, 1) Paleozoic (? — Permian) calcareous and cherty
thrust sheet (Motobu Belt), 2) Mesozoic (? — Cretaceous) phyliitic and schistoze,
and Flysch psammites Kunigami Belt, and 38) Plio-Miocene Shimajiri Belt. The
basement complex of the third belt cannot be dated at present, because all the
complex of the belt in Okinawa is subsurface. It is postulated to represent the
Tertiary (early Tertiary) section as discﬁssed later (p. 591).
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The vein-type and bedded . manganese deposits have been reported from the
Paleozoic chert at Yonamine (Nakijin-son), whereas the prospects of the cupri-
ferous sulphide (mainly pyrite) deposits such as at Yamada mine in Haneji-son
are limited within the Nago Formation especially associated with the greenstones
(Flint and others, 1954, p.93, fig. 10).

At the northwestern side of the Hedo thrust, all the pre-Miocene basement
rocks cropping out at the small islands are limestone (Sesoko, Ie, Iheya, Izena,
Kouri, and Tonaki) and/or chert (Ie, Iheya. and Izena) with a subordinate amount
of other types of rocks, and are believed to be continuous with the thrust sheet
of the Motobu Formation by Flint and others (1959) at Motobu Peninsula, so that
it is dated Paleozoic. On the other hand, all the islets southeast of Okinawa
belong to the Shimajiri Belt, where the pre-Miocene basement rocks are subsurface
and probably dated to Early Tertiary. Around Okinawa-jima, the Kerama Islands
represent the western extension of the central metamorphosed Kunigami Belt of
Okinawa, where the sizable copper mine at Yakabi-jima and a copper prospect
at Kuba-jima have been known. From the Keramas, Taneda (1961) reported the
occurrence of slate, schistoze sericite-sandstone, sericite-quartz-albite-schist, gra-
phite-sericite schist, graphite-schist, and muscovite-chlorite-epidote-schist. The
result of my examination has resulted in the addition of albite-actinolite-quartz-
chlorite-epidote-schist (Otake, Aka), actinolite-zoisite-albite-schist (Machan, Za-

mami), and actinolite-chlorite-epidote-albite-schist(Machan, Zamami).

Amami Islands -

The basement complex of Yoron and Okinoerabu consists of limestone and
.chert which appear to be the more northerly extension of the Paleozoic thrust
sheet of similar lithologies from Hedo-misaki of Okinawa. In Amami-o-shima,
the calcareous and cherty rocks are limited to its western part and have been
grouped under the name of Naon Chert, which has the same lithology as the
basement rocks of Yoron and Okinoerabu, so dated to be Paleozoic. On the eastern
part, however, there develop phyllitic rocks named Naze Formation, which consists
of clayslate and tuff and suggests a strong affinity with the Nago Formation of
Okinawa, because of the lithologies and association of the bedded cupriferous iron
sulphide deposits. Ohdana Sandstone (Hatae and others, 1959) intercalating certain
conglomeratic beds is probably the equivalent of the Kayo Formation. The other
possibility that the Kazuno Formation at the easternmost tip (Kasari Peninsula)
of the island is correlated with the Kayo Formation cannot be ruled out. Thin coal
seams 0.5—38.0 cm thick of lenticular shape are found in the Formation. So far,
the boundary between the Naon Chert and Ohdana Formation at Amami-o-shima
has been mapped as a conformable contact, but its reexamination may be open for
future study. Both the location of the probable boundary east of the Naon Chert

thus defined at Amami-o-shima, and the Paleozoic nature of the basement rocks
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at Okinoerabu suggest that the southern extension of such a boundary line should
pass somewhere east of Toku-no-shima. Hatae and others (¢bid.), however, have
mapped this island to consist of Naze and Niimura Formations, so that the bounda-
ry might go through the island. The contrast in the distribution between the
bedded manganese and cupriferous iron sulphide prospects at Amami-o-shima, and
Tokunoshima has been mapped by Flint and others (1954, p. 93). Such a map for
Amami-o-shima is revised with additional informations and shown here as Text-
figure 10. The bedded manganese deposits seem to be restricted within the Paleozoic
belt represented by Naon Chert, and the iron sulphides are within the phyllitic
Naze and Ohgachi Formations, except for some manganese prospects at eastern

Kakeroma-shima and iron sulphide deposits at Uke-shima.

Text-figure 10

DISTRIBUTION OF BEDDED MANGANESE & CUPRIFEROUS PYRITE DEPOSITS

IN  AMAMI-O-SHIMA, RYUKYU  ISLANDS

9.3 4 € 8 10

MINE

MANGANESE
PROSPECT x

CUPRIFEROUS PYRITE MINE OR PROSPECT &
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Osumi Islands :

The basement complex of the Osumi Islands has been lithologically referred
to as “Unclassified Mesozoic rocks” without paleontologic evidence. The age of
the Kumage Formation unconformably overlain by the middle Miocene (Burdiga-
lian) Kukinaga Formation at Tanegashima has been given by Hanzawa as probably
lower Eocene(Hanzawa, 1956). A similar type of rocks at Yakushima has been
studied by Hashimoto (1956) and classified into several units (Table 4), in which

Table 4 Stratigraphic classification of the Unclassified
Tertiary(?) rocks of Yakushima (in descending order)
(after Hashimoto, 1956)
Isso Formation
Yahazudake Shale and Sandstone Member (500 m+- thick)

Isso Conglomerate Member (150~300 m)

Miyanoura Formation
Kusugawa Shale and Sandstone Member partly Anbo Sandstone
(several hundred m., probably interfingered Member

less then 1000 m.) (several hundred
m., probably less

than 1000 m.)

stratigraphic relation unknown
(fault)

Funayuki Formation (several hundred m., probably 700~800 m.)
shale, siltstone, with pillow lava (upper most in this member), reddish brown shale, etc.

stratigraphic relation unknown

Mugio Formation (several hundred m.)
shale, siltstone, with sandstone, etc.

he recognized a pre-middle Miocene (pre-Takachiho) tectonism. The rocks consist-
ing of these units do not show any similarity with those of the Nago or Naze
Formation discussed above, but they are much similar to the Kayo Formation,
though probably less phyllitic. Hashimoto menticns the association of pillow lava
within the Kumage and Funayuki Formations, a feature completely lacking within
the Kayo Formation. The southern extension of the Kumage Formation can be
traced to Kikai-jima, where the basement complex is buried beneath the Shimajiri
Formation, the same situation as the southern Okinawa. Therefore, the outermost
Cenozoic Shimajiri Belt is believed to develop from southern Okinawa, through

Kikai-jima, to Tanega-shima, and probably at Yaku-shima.

Yaeyama Islands :

About 400 km southwest of Okinawa, Yaeyama Islands, including Ishigaki,
Iriomote, Kobama, and other islets, constitute the southern end of the Ryukyu
Islands. The pre-Miocene basement rocks exposed at Ishigaki, northeastern Iriomote,
and Kobama, beneath the Eocene Miyara, Miocene Nosoko and Yaeyama or Pliocene ~
Pleistocene Ryukyu Group, consist of crystalline schists, phyllites, hornfels, and
granitic rocks. In the northern peninsula of Ishigaki, the glaucophane-chlorite-
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quartz-albite-epidote-schist has been recognized recently by Foster and others(1960)
and Taneda (1961). The crystalline schist with the similar assemblage has been
reported from Iriomote and Kobama by Yoshii (1935) based on the boulder collected
by Hanzawa. According to Foster and others (1960), the following schists have
been identified from this northern part of Ishigaki: albite-chlorite-epidote-quartz-
schist, chlorite-crossite-epidote-albite-schist, epidote-glaucophane-schist, albite-
chlorite-epidote-actinolite-schist, epidote-crossite-schist, albite-chlorite-quartz-
muscovite-crossite-schist, and glaucophane-quartz-schist.

The basement rocks exposed at the southern Ishigaki and Iriomote consists of
chert, micaceous and carbonaceous schists, and phyllites (sericite-albite-quartz-
phyllite, sericite-phyllite), conglomerate (metamorphosed and tectonic origin),
sandstone, shale, and hornfels. The basement rocks consisting of crystalline schists,
phyllites and cherts with a small amount of crystalline limestone or marble (Beatty
and Westphal, 1960, p.6) crop out only in the northeastern corner of Iriomote in the
vicinity of Komidake. The lithologies resemble those of the pre-Tertiary rocks of
southern Ishigaki. Although the albite-chlorite-epidote-actinolite-schist is known
from the metamorphosed part (Nago Formation) of Okinawa, no glaucophane schists
have been found on the island. The chert-dominant lithology of the basement rocks
in southern Ishigaki reminds one of the Paleozoic Motobu Belt of Okinawa-jima.

It should also be mentioned that both the Eocene Miyara and Miocene Yaeya-
ma Groups covering the basement rocks accompany the volcanic sediments but are
rather thin in total thickness. During the Eocene Epoch, a geosynclinal trough
developed at the present site of the Ryukyu Islands, where the Flysch-type sedi-
mentation now recognized as basement rocks of the Shimajiri Belt took place, but
also rather thin neritic, calcareous sediments associated with clastics were
laid down at the inshore side of the Paleozoic basement rocks exemplified by
Yaeyama Islands. The similar contrast in the lithologic association between
inshore and trough facies has been recognized through the Outer Zone of
Southwest Japan (Table 5). It is also true that the coal-bearing Yaeyama Group

Table 5 Contrast in sedimentary facies between Sambagawa-Chichibu and Shimanto
terrains during early Tertiary (Eocene~Oligocene).

Facies | Basement | RYUKYUS SOUTHERN | SOUTHERN SHIKOKU| pryiisuLA
of —

. Matsumoto, Shuto, Nagai, 19563 s
sediments | complex | Hanzawa, 1935 |7, pi 010 ‘and others'  Katto, 1961 Shiida, 1962
Neritic~ [Sambagawa-— Miyara “Mitate Kuma Group, Nakaoku

Chichibu Formation” including Nimyo
Inshore terrain Formation (in part?) Formation Formation
Shimanto Nichinan and ‘ Shukuge Group,
Trought Kumage Group : including Hirata Muro Group
terrain Hyuga Groups Formation

+ turbidite facies
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represents the Molasse-type of sediments of thé mid-Tertiary disturbance, de-
posited inland, while the Shimajiri Formation is characterized by thick trough
sediments resulting from the similar succeeding tectonism, and deposited in abyssal
trough like the present Ryukyu Trench (MacNeil, 1960, p.1). Therefore, I am inclin-
ed to conclude that the metamorphic zone .of the Paleozoic belt which does not
crop out near Okinawa does so as the glaucophane schist at Yaeyama. A possible
exception may Kume-jima where the basement rocks are subsurface and overlain
by the “Shimajiri Formation” interfingering with the hyperthene-bearing augite-
andesite, the same type of volcanics as common in Ishigaki. The occurrence
of Carcinoplax prisca Imaidzumi from the north of Yamashiro, Nakazato-son,
southern Kume-jima, proves that at least a part of the “Shimajiri Formation” at
the island is dated Miocene. Another possible exception might be Tonaki-jima
close to Kume-jima where garnet was mined from a contact metamorphic zone in
limestone. These two islands occupy the innermost position of the pre-Miocene
rocks near Okinawa. Because of the lack of information about the basement rocks
of Miyako, and the discontinuity of the structures at both sides of the island, the
northeastern extension of the metamorphosed Paleozoic belt represented by north-
ern Ishigaki cannot be traced exactly. It is only interpreted from the submarine
topography that a rather prominent depression possibly of flexure nature exists
between Okinawa and Miyako Islands (Hanzawa, 1935 ; Hess, 1948.; Dietz, 1954).
This is called the Miyako Depression in this paper.

Relation to the tectonic bells of southern Kyushu :

In southern Kyushu, where the northern end of the Ryukyu Island Arc makes
the junction with the western end of the Japan Island Arc, three major tectonic
lines, 1) Usuki-Yatsushiro, 2) Butsuzo-Ohsakama-Ushinohama and 3) Nobeoka-
Shibisan, have been recognized. The former two are the western extensions of
the Median Line(Ueda, 1961) and Butsuzo-Itokawa Line of Shikoku, respectively.
The third tectonic line was recognized and named by Hashimoto and others (1956)
and splits the Shimanto terrain south of the Butsuzo Line into two belts, north-
ern phyllitic and southern non-metamorposed and Flysch-type. The northern Shi-
manto Belt(Hashimoto, 1962a) is characterized by sporadical occurrence of bedded
cupriferous pyrite deposits such as Makimine mine (Tatsumi, 1953), the association
of greenstones, and practically almost no records of diagnostic fossils, if compared
with the volcanic-free and noticeably fossiliferous southern Shimanto Belt. In
southern Kyushu, the northern Shimanto Belt has only four fossil localities, (1)
“late Jurassic” Torinosu-type limestone at Yamagami (Eguchi, 1942), (2) undated
Lima(Acesta)-bearing boulder in the river gravel at Hitoyoshi City, Kumamoto
Prefecture (Tagami, 1962), ( 3) plant remains similar to Gimkgodium from a sand-
stone at Morotsuka village, Miyazaki Prefecture, (Saito, and others, 1955) and (4 )
Equisetiies sp. from a sandstone of Kominato, Kaseda City, Kagoshima Prefecture
(Harunari, 1954), if the undiagnostic Radiolarians are ignored; while the eastern
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extension of the same tectonic belt in Shikoku seems to provide more localities
of the Torinosu-type limestone dated to range from late Jurassic to early part
of the léte Cretaceous (Katto ¢ Katto and Sawamura, 1961). All the paleonto-
logic data so far available from the southern Shimanto belt in Kyushu indicate
Paleogene, and basal Miocene (?) but without Cretaceous (Hashimoto and
Miyazaki, 1959; Monden, 1960; Kuwano,; 1960; Hashimoto, 1961), whereas the
equivalent belt in southern Shikoku includes Cretaceous.

When the geotectonic elements between the Japan and Ryukyu Island Arc are
compared, it is obvious that the Hedo fault of Okinawa occupies the same tectonic
location as that of the Butsuzo-Ohsakama-Ushinohama Line of southern Kyushu.
But, where would the tectonic line be in Okinawa, one comparable with the
Nobeoka-Shibisan Line ? The apparent width (not thickness) of exposure of the
northern Shimanto belt seems to be somewhat in the magnitude of 20 km .in
southern Kyushu and Shikoku. In Okinawa, a parallel line running about 20 km
southeast of the Hedo thrust which would be the tectonic line will lie along the
eastern coast or in the Pacific Ocean near the coast, except for southern Okinawa,
where the trend of the longitudinal structure of the basement rocks shifts from
northeastnorth to northeast or even to eastnortheast. So far, the largest fault
reported with longitudinal trend in southern Okinawa is the Tengan fault which
separates the late Tertiary sediments (Shimajiri Formation) in the south from the
phyllitic Nago Formation in the north. Beyond this fault, southern Okinawa lacks
any outcrop of pre-Miocene rocks. Between the Hedo and Tengan faults, the phyl-
litic Nago Formation and less phyllitic Kayo Formation crop out to make a com-
plicated folded structure. As far as the metamorphic grade is concerned an increase
in a simple southward direction as reported in the northern Shimanto belt at sou-
thern Kyushu is unrecognizable in Okinawa. As mentioned above, the less phyllitic
Kayo Formation crops out as a core of the huge overturned syncline of overfold
isoclinal structure, bordered on both sides by the phyllitic Nago Formation. The
boundaries between the Formations have fault contacts at many places but no
major thrust fault comparable to the Nobeoka-Shibisan Line of Kyushu has been
recognized in Okinawa. Therefore, it seems highly logical at present to locate the
tectonic line by comparing the Tengan fault with the Nobeoka-Shibisan Line,
extending the latter southerly to coincide with the former.

Schematic model :

Summarizing the above discussion, a schematic model of the tectonic zonation
of the Ryukyu Island Arc is illustrated and tabulated (Table 6; Text-figs. 11
and 12). As early as 1897, Koto keenly recognized three structural belts in the
Ryukyu Island Arc; the inner belt of the volcanic islands, central belt of the older
rocks, and the outer belt of the Tertiary System. The most part of the last belt
is called the Shimajiri Belt it this paper. The rocks of the central belt considered
as “Archeozoic” by Koto were proven to include Permian limestone in Okinawa
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Text-figure 12 Schematic cross section of the Ryukyu Islands ; F, Fusaki Formation ;
Ka, Kayo Formation ; Ku, Kumage Formation ; Mi, Miyara Formation ;
Mo, Motobu Formation ;N, Nago Formation ; N-Y, Nosoko and
Yaeyama Formations ; S-K, Shimajiri and Kukinaga
Formations ; T, Tumuru Formation ; Yo,

Yonamine Formation.

(Hanzawa, 1933). The basement rocks of the Shimajiri Belt at Tanegashima were
compared with the “Unclassified Mesozoic rocks” of the Shimanto terrain of the
Japan Island Arc (Hanzawa, 1935) and later with the Nakamura terrain of the
Shimanto Belt (Kobayashi, 1941). The sedimentary sequences intruded into by
granitic rocks at Yakushima were also compared with those of the same belt by
Hashimoto (1956). The Koto’s central belt of the older rocks is now divided into
three belts, the inner “metamorphosed Paleozoic” (Ishigaki), central Paleozoic
Motobu, and outer Mesozoic Kunigami Belt as defined above.

From this model, it is concluded that the sedimentary successions of the Ryu-
kyu Islands can be divided into three major units separable by angular unconfor-
mities of regional continuity (Table7). The upper unit is defined by the unconfor-
mity beneath the Ryukyu Group (uppermost Pliocene and Pleistocene). The middle
unit consists of the various facies of the Neogene formations ranging from basal
Miocene up to the uppermost Pliocene and its lower boundary is defined by the
unconformity known on the surface at Tanegashima, Ishigakijma and Iriomote and
subsurface at Okinawa and Kikaijima, and possibly Kuméjima. The lower unit can
be grossly called pre-Miocene basement complex, the subject of this study. The
last unit contains only formations which suffered severe folding. The middle and
upper units are only faulted and tilted. Furthermore, it is also concluded that the
zonal structure of the basement complex controlled the facies pattern of both
Eocene (neritic Miyara Formation versus bathyal Kumage Formation) and Neogene
(paralic Yaeyama Group and Kukinaga Formation versus bathyal Shimajiri For-

mation), whereas the much younger (Plio-Pleistocene) Ryukyu Group transgressed
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Table. 7 Geohistory of the Ryukyus in terms of the tectonic belts
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uniformly over all the belts regardless of the zonal structure and yielded the first
facies of typically postorogenic nature (Molasse) in the Ryukyu Island Arc. The
only possibly recognized contrast in the Plio-Pleistocene sedimentation is the
abundance of gravelly facies (“Kunigami Gravel” in part) and the paucity of the
Pliocene Naha Limestone within the central Kunigami Belt in Okinawa. This
relationship, however, does not hold true in Amami-o-shima. The present shape
of the islands may have been created during the last tectonism, which may also
be the cause of the vast subsidence in the Ryukyu Basin and Ryukyu Trench.
Before this change, the Ryukyu Islands were mountain ranges stretching hetween
south Kyushu and Taiwan, bounding the ocean on the southeastern side. The
mountain ranges were produced through the orogenic tectonism during late Cre-
taceous to latest (?) Oligocene as indicated by the postorogenic sediments of local
nature of lower Eocene Miyara Formation and of basal Miocene Kukinaga-Yaeyama-
Shimajiri Formations. The only available information for tectonism prior to the
late Cretaceous is strong intrageosynclinal volcanism recorded in the Nago For-
mation and possible rapid upheaval or increase of instability of the inland during
the deposition of the polymictic Attsu Conglomerate Lentil. Therefore, in order
to analyze the tectonic history of the Ryukyus, it is highly desirable to find
neritic or paralic facies both syn-and post-orogenic of the Mesozoic, the counter-
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part of the geosynclinal facies of the Nago and Kayo Formations, possibly laid
down on the metamorphosed Paleozoic (Ishigaki) Belt or Motobu Belt. Inasmuch
as the geochemical dating of the metamorphosed rocks from both Ishigaki and
Motobu Belt is under way, we may add a little more to our knowledge on the
tectonic history of the islands in the near future. Finally, it is specially mentioned
that the “belt” of the active volcanoes—volcanoes with the records of the Holocene
eruptions—at the northern part of the Ryukyu Islands apparentlly disect obliquely
the general trend of the zonal structure preserved in the pre-Miocene basement

complex.

CONCLUSIONS

1. Late Mesozoic, probably early Cretaceous, marine fossils characterized by
stromatoporoids, corals, and calcareous algae and some spores and pollen of ter-
restrial plants have been found in the intraformational polymictic conglomerates
within the Flysch-type sediments near Attsu, northeastern Okinawa-jima, so that
previous attempts to infer a correlation between the conglomerates and the
“Usuginu-type beds” of the late Permian Kuman Series are absolutely ruled out.

2. Mainly based on the paleontological evidence in addition to the lithological
and structural comparisons of the conglomerate-bearing sequence, it is concluded
that the major part of the basement complex of Okinawa is Mesozoic and early
Tertiary, comparable with the so-called Undifferentiated Mesozoic Complex of the
Shimanto terrain in Southwest Japan and its equivalents in Kanto Mountainland,
northern Kitakami Massif, and southwest Hokkaido.

‘ 3. The Hedo thrust separating the Motobu Belt, composed of Paleozoic
complex including upper Permian, from the Kunigami Belt of Mesozoic rocks is
compared with the Butsuzo Line in Southwest Japan, whereas the Tengan fault
separating the Kunigami Belt in the north from the Shimajiri Belt in the south is
most probably compared with the Nobeoka-Shibisan Line in southern Kyushu.

4. The tectonic zonation established in Okinawa is traceable both northeast-
wards and southwestwards within the Ryukyu Islands in terms of lithofacies and
metamorphic facies of the pre-Miocene basement complex, distribution of the
bedded cupriferous iron sulphide and manganese ore deposits, and types of the
Tertiary sediments veneering the basement complex. Thus, the Ryukyu Islands
can be divided into two major subarcs, northeastern and southwestern, bordered
by a topographic depression west of Okinawa-jima, because of the difference in
the nature of the basement complex and the sharp change of the structure close
to the depression between the Kume-Kerama Islands and Miyako. The outcropping
basement rocks of the southwestern subarc are metamorphosed Paleozoic rocks
referred to glaucophane schist facies which seems not to be exposed in the northeas-
tern subarc. It is also concluded that the zonal structure of the Ryukyu Islands was

completed before Miocene ; but the succeeding geohistory of the islands, especially
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that of the Miocene and Pliocene Epochs, was more or less controlled by the zonal
structure of the pre-Miocene basement complex. However, certain Quaternary
activities such as the Pleistocene reef-building and Recent (Holocene) volcanism
seem to be independent from the zonal structure of the pre-Miocene complex.
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Appendix : Alphabetical List of Place Names

RYUKYU ISLANDS :

Aka (F55)

Amami (%3)
Amami-o-shima (#EKE)
Attsu (BE)

Attsubaru (FEE)

Arumé (%)

Bannosaki (¥ /i)
Funayuki (377)
Ginama (CHZHE)

Haneji (P
Hedo (4) (CUI:AA)
Hedomisaki GHEMD AR

Ie (BT
Theya (FF3ER)
Izena (fH244)
Iriomote (PH3%)
Ishigaki (7518)
Isso (—i&)

Kakeroma (it = FE)
Kasari (7F1)
Katabaru (ER)
Kawata (JI|H)
Kayo ()
Kazuno (F%p)
Kerama (E&EEE@
Kikai (ZF)

Kin (£R)
Kobama (/NE)
Kombu (B#)
Komidake (3 FLE)
Kouri (i=EHI)
Kuba (/U5)
Kumage (fE7F)
Kunigami (F#H)

Matsuda (FAH)
Miyako (&)
Miyara (ERE)
Miyanoura (&2 i)
Motobu (AEE)
Mugio (Z24£)

Nago (%7
Nakijin (4J7{)
Naon (43)
Naze (£
Niimura )

Ohdana (¥ |3Otana) (KiHll)
Ohgachi (ki)

Okinawa ()
Okinoerabu (JiZ 7k B3
Osumi (k)

Otake (KE)

Ryukyu (Hizk)

Sedake (JEE)

Sesoko  (HEJE)

Shimajiri (BF)

Shiokawa (&)1])
Shioya-wan(=Shanawan) (EEE)

Taira CER)
Tanegashima (FET~ &)
Tengan (KR

Teruku (JBA)
Tokunoshima ({2 &)
Tonaki (JE&E)

Ukeshima GEE)

Yaeyama (AL
Yakabi (B3
Yaku (B/A)

Yamada (jlj/)
Yamatogawa (GFJI)
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Yono (578)
Yonamine (574

Yoron (5.3

JAPANESE ISLANDS :

Butsuzo-Ohsakama-Ushinohama
UbB—RIRE—HZ )

Chichibu (B2

Doganaro (775 H)

Hayama (3|11

Hitoyoshi (A3)

Itokawa ()1

Kasasa (%57)

Kaseda (fufitm)

Kozakiyama (##1L)

Makimine (J22)

Misaki (=)

Morotsuka (%)

K. KonNisHI

Zamami (FERSHR)

Naharigawa (Z225))11)
Nakamura (F1£)
Nobeoka-Shibisan (ZERf—%E 11D
Noma-no-ike (P / )

—Nomaike (FF[jit)
Nonogawa (% % JI]) '
Sambagawa (Z3%)1])
Shimanto (PY4F-)
Shimizu (FEK)
Suzaki (ZH|%)
Torinosu (&4
Usuki-Yatsushiro (FI#F—/)
Yamagami (jLifj)

Muroto (Z)

- Postscript : Among the several important contributions which have close connection with the
present study and were published while this paper was in press, the following three of
them are specially mentioned herewith ; they are,

1. Matsumoto, Tatsuro, Noda, Mitsuo, and Miyahisa, Michitoshi, 1962, Kyushu-chiho(in
Japanese) i “Regional Geology of Japan Series”, Asakura B.ook Co., 423 p.

2. Tamura, Minoru, 1963, On the fossil of Lima (Acesta) kumasoana Nagao from the
Hitoyoshi Basin, Kyushu. Mem. Fac. Educ., Kumamoto Univ., v.11, p.41-44, and,

3. Matsumoto, Yukio, and Hashimoto, Isamu, 1963, Unconformity below the Mitate Forma-
tion in Kyushu (in Japanese with English abstract). Jour. Geol. Soc. Japan, v.69, n. 815,
p. 378-387.

In the book by Matsumoto and others, Matsumoto (p. 259-60) refers to the recent discov-
ery of calcareous algae by Hashimoto from the Torinosu-type limestone at southern Ono,
Saheki City, which now marks the second record of this type of fossils in the northern
Shimanto Belt of Kyushu.

Tamura’s paper describes the pelecypod from a boulder of river gravel near Hitoyoshi City
(see p. 593 of this paper), and he concludes that, although the locality is located in the
northern Shimanto Belt, Eocene strata evidenced with the pelecypod probably develop in
the northernmost part of the southern Shimanto Belt nearby. Thus, the paleontologic evidence
from the northern Shimanto Belt still appears to be limited to Late Mesozoic.

The last paper by Matsumoto and Hashimoto deals with the controversial stratigraphic
position of Mitate Formation. The interpretation lately advocated by some authors who
concluded the formation be late Permian is rejected in this paper, and it is assigned to

Lower Tertiary based on the stratigraphic and tectonic characters.
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Plate I. Geological map of Southern Noto Peninsula, Central Japan. Compiled by Y. KASENO, 1961.
Plate 1I. Geologic sections in Southern Noto on the basis of Plate I.

Plate III. Geologic structure of Southern Noto area.

Plate TV. A diagram showing the stratigraphic relations, sedimentary facies and thickness of the

Neogene strata in Southern Noto Peninsula, Japan.

Table I. Stratigraphic correlation table of the Neogene strata in Southern Noto Peninsula, Japan.

Compiled by Y. KASENO, 1961.
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PLATE II Y. KAsSENoO

GEOLOGIC SECTIONS IN SOUTHERN NOTO PENINSULA  (VERTICAL EXAG. x25)

Hodatsusan

LEGEND

'd Pleistocene beds

hs Pliocene siltstone

mudstone
0X, 0w, 0ak,om, 05,04, oK

0og sandstone

rl%s tuff-alternation

W tuff, tuffite

ak
o sandstone

HE

ke mudstone
Y=

mK,hm, 1K, y5, 5¢,55

s od  tufs

EEEEEEEN alternation

KS,tn,is.ng,ta,ts

%ﬂﬂm mudstone
, YG
Il‘l ll \\;ﬁ volcanics

v

Shjma-bessho Hi
; : - imuro
ML?SS!;SI va o "% va Sagnaml Mimuro . Yugawa 1 omak  Shiratori
¥ TN . P A oSt |
\ ] I l . ’ ' ' 17 u \ ’m:"-j-----...-----.-‘“'.'Il “ Y 0
P | P | l iy )i T
I(»i“" g l“ | |
| ,
|
I[ Notojima Island
Tanoshiri Hanmnoura (Suso) Ojima
53 va heg  S3 ow ow : v
: _.'""4{!!?255';-'-!_%!”424’-"Ft-;:ge,:;:» né < e]

[

fm

o :

tn  Sugdsawa
R SN e

st

(Wakura) Ishisaki Yangamm
ow scC

Tonohama
| . il
- . ‘ 7
v | A

< oM oom ! oi.  Odomari
, Nt
53 ‘
I“@
|
Nakada  Apugashima

!}‘l e ‘”«Q‘i e ———0
T :
| | W Ay ve

(Wakura) OKE‘ham

5-%ns  sandstone )
0% 5% g {
ow : oS h), hW
0 5  joKm [T {]granite [Z=7 gneiss Q
V Sekid§san V/
o . Tazuruhama / PSS NS
ar Tajiri Yamatoda Kasashio Tokud - - LR
a0 o i ox LWy T 2 N R R R e

‘l

Y

iy -
ST

an

Konmachi

horizontal

(Ts uchi Kawa)

T2 3 4  5km

:

e

Otsu

‘ hm
i ] ‘ e SaaBHAHHUN AN
§ i f
‘ : i .

Shinanta
af

e T e . “ ‘H

Akakurayama

Km H;;tohame AgiKQWa
. od

ak f
VA T asENED

———

—— e~~~ —~
-~ =
A e R S S

e v v v A A A e e

Goishi-mine
L atKa




Sci. Rep. Kanazawa Univ., Vol. 8, No. 2 | PLATE IIT Y. KasENO

GEOLOGIC STRUCTURE OF SOUTHERN NOTO
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STRATIGRAPHIC CORRELATION TABLE OF THE NEOGENE STRATA IN SOUTHERN TABLE I Y. Kaseno

Sci. Rep. Kanazawa Univ., Vol. 8, No. 2
NOTO PENINSULA, JAPAN. COMPILED BY Y. Kaseno, 1961.

Sekidosan — Hodatsusan Area Sakiyama Area Togi — Nanao Mass
Hédatsu Shio Kashima Himi Nadaura — Sekidosan (south) {north) Noteojima Nanao Nakajima Sanmyo6 Takahama— Kanemaru
Hanyfi Stage Hanyi Formation Hanyfi Formation
Onma ss. Nakagawa ss.
Himi Stage
Yamazaki Suginoya st. Sakiyama st. Nozaki st. Kojima ss.
calc. ss.
Takakubo | Hijirikawa md. Inazumi md. Akasaki md. Futaana md.
md. T — ; / -
Otokawa Stage Kama}u::a Y?_S_}_lféé‘a‘r't""" Kuwanoin md. Sugata md. Tonohama md. ; Entsunagi md. Wakura md.
e alt. - . y — . .
/,—’/ Ogume SS. //// //" Og ume SsS. ‘.\‘“\\\\- Mushizaki md. K i
- ; Mukoze ss/ B T e S . — N asashio
Iwaodaki tf. L A Kuzuba tf. ™< : e ” S - - - ) L
______ i Kuzuba tf. _ / Takabatake > Moridera tf. .~ Nakada tf. | gl—ss.™ \ Sazanami calc.ss,” glauconite glauconite md. o - o
. / Ss—cCg. H 7 ST ‘\ § i1zumo calc. SS.,/// ,,/'
Higashi- bessho Kono ss. Mio ss. / g Mio ss. - ' , Suse md | Nanao caless| fTame caess.
Stace L : . B —— o I D e ' ‘ ) Tori = ss. ’ Akaura ss. 7 Akaura SS. Taki ss—cg.
& "*xf_‘{?_}ll_g_"‘ii\{{l‘__tj te—""1 Mikohara alt. “\\7 LS Ogawa _tf, o S O B O I I, - P TN e
< - - : s el - -
Mivaii T T e Takade md. Yoshitaki md. Nak;_l.l_l_e}.rpi--——nld-‘---- i N s Hannoura - L P
fyajima tf. e 54 ; S - —- S .
Shi s D S PR e omari  tf. | Shiroyama cg. Do Shichihara md.
p . ingu s§s.—-cg. i . akefuda . . N k L mi T i -
Kurosed 7/ Tsuboike PO : ~. .ss. - [Isobe alt ™ ‘2gasaka .~ o N TXan —
ctan Kawai / alt. L Takio al"‘c_.'_:\_‘)“ 5. - Y ?{l_t;%’_,,-“’ Sekidssan B - cg- Shichihara md. <usaki alt. ] | 1] 7
Stage ss.-cg. | ‘ T Kunimi md. < Koiaki f . 8 Tane alt. e R P —— |
NSNS SRS GRS NS ’ \ ‘ ; B | ! ; |
Iwaine Stage i 4 N ™ ‘ ‘ |
g Nota volcanics '> B Kumabuchi Volcanics (Anamizu Formation) Anamizu Formation !‘
(Uriu formation) w ~ L ‘ i
. 31 |
Nirehara Nota ss-—cg. . |
Stage (Ota formation) ) i L\,\LL .
PRE-NEOGENE ‘ ' gneiss
BASEMENT granite - and gneiss granite and gneiss
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Text-figure 2 Distribution of ,the Kayo Formation and bedded manganese and cupriferous pyrite

prospects in Okinawa

Text~figure 11 Tectonic belts of the Ryukyu Island Arc




ot
un}
0 -
—
Z
m..
d 5
.
oy . 1743
o g2 2 & g
: Q 2 a
o ] o
P 11
= . ; 3 z 4 & m
&0 ) ° o M“w W >
ﬁ l( o8 o~ ’ Tree / = ot < a.
| R ) A T e R I ' ! w @ »
- . uooﬁon \.!-\o.d.oocl‘av\o.\W“”“oloﬁ ooooooo Mﬂlh‘lﬂqz = 4 -5 Fad
= l\)oeo..on.% ecsssoecneec” Tt -Jf o ey < =
% QS e o 5 = B S
LIRS Lo DR At S 20t easvasleannd bl
T ,II' il mo.m\.\\\.ﬂu(counnnu-b\\cc-aueom\”uu“U\ N o “-._ - @
e il \y—\ooc-‘oo.\\r.o\t\i.ﬁhw?o-oor O [TH] - d I
°, ~ 8 >
«II : ) v\‘\unhmv“w\ - mooooiouurw A (o] L] m .4 - -
SN 257 S ANy > T 2 5 a -
\NV-I \ / 3N lNacnco*m~ 3 < L4 a w
N e \ ———— e N 3
> l/l %a .\\i._..\ P 's /...\-uN»W . o G @
flv_ # \.....u» s ucz%.o*..v . “ :
O3 ) Y O :
& S &, W. %%, m w m
S < iy e
hoeas .
G
;/M\ © P
I 0
Hhoooooo.\M )
ﬂvo.uooo%
Re5
\ 4 s
Eadia' [e X

Yonemix

k-]
2
g
(]
x 5@
3

ninguia
Pe 3

Motobu
1"i_" Shiokowa

-y
omby
o f
(]
Fengeh

&

PYRITE PROSPECTS IN OKINAWA

DISTRIBUTION OF THE KAYO FORMATION AND
BEDDED MANGANESE AND CUPRIFEROUS

& o
e 2 //vv ° w (o]
2 $ ¥ ] )
AN : °}
— i
- 5
P / . of

Cond

\\ ‘Nm

Sci. Rep. Kanazawa Univ., Vol. 8, No. 2



Sci. Rep. Kanazawa Univ., Vol. 8, No. 2

Text-figure 11 K. Konisur
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