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GEOLOGY OF ISHIGAKI-SHIMA, RYUKYU-RETTO

By Herex L. FosTER

ABSTRACT

Ishigaki-shima, Yaeyama-guntd, an island in the southern
Rytikyi-rettd, is about 440 kilometers southwest of Okinawa-
jima and 240 kilometers east of Taiwan. The island represents
one of the high points on a mostly submarine ridge that extends
in an arec, convex toward the east, from Kyfishii in southern
Japan to northern Taiwan.

About half of the island’s area is hilly or mountainous, and
most of the remainder consists of slightly to considerably dis-
sected marine-cut terraces and narrow coastal lowlands.

The oldest rocks, probably Paleozoic in age, are those of the
Ishigaki Group. These rocks consist of sediments and voleanic
material—now metamorphosed—that were deposited in a geo-
syncline. The Ishigaki Group is divided into two formations,
the Tumuru and the Fu-saki. The Tumuru Formation consists
principally of greenschist, quartz-mica schist, and crossite schist.
It has an estimated exposed thickness of about 600 meters. The
Fu-saki Formation includes chert, phyllite, greenschist, con-
glomerate, quartz-mica schist, hornfels, and a little marble. A
thickness of about 168 meters is exposed on Ishigaki-shima. In
late Paleozoic or Mesozoic time, these geosynclinal deposits were
metamorphosed, folded, and faulted. They were then uplifted
and subjected to erosion.

Rocks of the Ishigaki Group are overlain unconformably by
the Eocene (Tertiary b) Miyara Formation, which consists of
conglomerate, sandstone, and limestone. This formation crops
out in small patches near the coasts of the island at altitudes
of sea level to 100 meters. On Funakuyd-wan the conglomerate
contains abundant fossil mollusks. The limestone has well-
preserved calcareous algae and some Foraminifera, particularly
Pellatispira and Discocyclina. The maximum exposed thickness
is about 102 meters. The Miyara Formation has been faulted
and tilted but not folded.

The Nosoko Formation is a succession of tuffs, volcanic brec-
cias, and lavas. The voleanic rocks are chiefly andesitic but
include small amounts of basalt, dacite, and rhyolite. Volcanism
began in Eocene time and may have extended into Miocene time ;
most of the activity occurred after the deposition of the Miyara
Formation. The volcanic rocks are tilted and faulted in places.

The Ishigaki Group has been intruded by rocks ranging in com-
position from granite to diorite. Some intrusive rocks may grade
into extrusive rocks. Granite and granite porphyry, called the
Omoto Granite, are more abundant than granodiorite or diorite,
and they compose a small stock. The granodiorite occurs mostly
around the margin of the granite stock or as dikes and has been
named the Cha-yama Granodiorite. The Sakieda Rhyolite is a
light-colored, generally prophyritic rock that appears to grade
into granite in the Kabira area. The age of the intrusive activity
is probably Tertiary. The granitic rocks are much jointed and
have been faulted.

The Sakishima Group, consisting of the Nagura Gravel and
Ryukyu Limestone, overlies rocks of the Ishigaki Group and
the Miyara and Nosoko Formations and the granitic rocks. The
Nagura Gravel consists mostly of rounded to angular pebbles
and cobbles in a reddish- or yellowish-brown loamy matrix, but
it also includes a basal fossiliferous gray clay called the Bunera
Clay Member. Although the clay contains abundant fossil mol-
lusks, Foraminifera, other invertebrates, pollen, and wood, its
age cannot be determined with certainty but is probably Pleisto-
cene. In one locality along the Todoroki-gawa, the clay con-
tains fossil deer bones and antlers. Maximum thickness of
the Nagura Gravel is not known but is at least 23 meters in
terraces along the Miyara-gawa.

The Ryukyu Limestone is a reef limestone that crops out
mostly around the margins of the island. It is most extensive
in southern Ishigaki-shima. It has two principal facies, sandy
and coralliferous. Thicknesses of as much as 20 meters have
been measured.

Recent deposits include raised beach sand and gravel and
raised reef-flat deposits, sand dunes, beachrock, sand and gravel
of the present. beaches, and alluvium. A Recent terrace de-
posit of stony silt along the Todoroki-gawa yielded bones of
pig.

The rocks of Ishigaki-shima have been acted upon by a suc-
cession of tectonic forces throughout their geologic history, and
the resulting structures are directly and indirectly responsible
for many aspects of the conflguration and topography of the
island. Northwest-striking ridges in the schist mountains west
of Hoshino are the limbs of large folds, and one or more sets
of smaller folds, including drag folds, are superimposed upon
them. The offsetting of the Hirakubo peninsula from the
Ibaruma peninsula and the Ibaruma from the Nosoko peninsula
suggests the presence of parallel strike-slip faults.

Most of the faults that cut the Tertiary and Pleistocene rocks
are high-angle faults. The volcanie rocks at the southern end of
the Nosoko peninsula are separated from the metamorphic rocks
of the Ishigaki Group by a high-angle fault. Hills of limestone
of the Miyara Formation near Hoshino probably are fault blocks.
The most distinet Pleistocene or Recent fault cuts the Ryukyu
Limestone on Taketomi-shima and thereby makes a northward-
facing escarpment.

Earthquakes in the Ryukyu Islands are evidence of continuing
tectonic activity. Strong submarine earthquakes have produced
destructive tsunami in the past and are a continuing threat to
the islands. No recent voleanic activity is known in the Yaey-
ama-guntd except a submarine eruption northeast of the island
of Hatoma reported in 1924.

The island contains no metallic mineral resources of com-
mercial value. Nonmetallic mineral resources are limited to
small quantities of such materials as limestone, clay, gravel,
and rock for riprap and crushing; these materials are used only
locally.
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Surface water is used for most domestic water supplies and
irrigation. Ground water is obtained from shallow dug wells
and is used for domestic purposes in some villages. Many
wells near the coasts are brackish.

INTRODUCTION
LOCATION AND SIZE OF THE ISLAND

Ishigaki-shima is one of the southern islands of the
Rytkyi-rettd, an arcuate chain of islands, commonly
called the Ryukyu Islands, extending from southern
Japan southwestward nearly to Taiwan (Formosa)
(fig. 1). Ishigaki-shima is about 1,955 kilometers
(1,215 statute miles) southwest of Tokyo, Japan; 440
kilometers (275 miles) southwest of Okinawa-jima, the
principal island of the Ryiikyu-retté; and 240 kil-
ometers (150 miles) east of Taiwan. It extends from
about lat 24°19” to 24°37” N. and from about long
124°04" to 124°20’ E. It is included in the group of
islands called the Sakishima-guntd (Sakishima archi-
pelago), which is further divided into two groups, the
Miyako-guntd to the north and the Yaeyama-guntd, in-

ISHIGAKI-SHIMA, RYUKYU-RETTO

cluding Ishigaki-shima, to the south. Ishigaki-shima is
the easternmost island in the Yaeyama-guntd (pl. 1);
it has the largest population and is the seat of govern-
ment for the island group. Other islands in the
Yaeyama-guntd are Taketomi-shima, the nearest to
Ishigaki-shima; Iriomote-jima, the largest; Yonaguni-
jima, the most distant from Ishigaki-shima; Kobama-
jima, Hateruma-shima, Hatoma-jima, Kuro-shima, Ara-
gusuku-shima; Okinokami-shima; and a few islets.

Ishigaki-shima has a maximum length of about 32
kilometers and a maximum width of about 19 kil-
ometers. Because of its irregular shape, it has an ap-
proximate area of only 223 square kilometers (86 square
miles).

PURPOSE OF THE REPORT

This report describes the geology of Ishigaki-shima,
a little-known island that is important to an under-
standing of the geology of the Ryilikyii-retto and the
neighboring Pacific areas, including Japan. The is-
land, although small, has considerable variety in its
rocks. Some of its geologic features, such as the occur-
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rence of granite, are unique in the southern Ryukyu Is-
lands. Glaucophane schists, fossiliferous Eocene rocks,
and Pleistocene and Recent vertebrate fossils are other
comparatively unusual features of the geology.

COLLECTION OF DATA

The geologic field data presented in this report were
acquired from June 1955 to October 1956 when geology,
soils, and vegetation were mapped by personnel of the
U.S. Geological Survey in cooperation with the U.S.
Army Corps of Engineers. The geological investigations
were made chiefly by the author, chief of the field party,
and by Harold G. May. Soil scientists in the field party
were Carl H. Stensland and Richard J. Alvis. F.Ray-
mond Fosberg, botanist, studied the vegetation. Lab-
oratory studies followed and supplemented the field-
work. Although this report is primarily geological,
information was also contributed by the soil scientists
and the botanist.

The mapping of Ishigaki-shima was part of an ex-
tensive geologic and soils mapping program of about
eleven western Pacific islands and island groups under-
taken by the U.S. Geological Survey in cooperation
with the U.S. Army Corps of Engineers after World
War II. Okinawa-jima and Miyako-jima in the
Rytkyti-rettd were also mapped under this program,
and reconnaissance studies were made of other islands
in the southern Ryukyus. The work on Okinawa-
jima is reported in five volumes, “Military Geology of
Okinawa-jima, Ryukyii-rettd,” published by the Office
of the Engineer, Headquarters, U.S. Army Pacific.
Military geology reports have also been published for
Miyako-jima and Ishigaki-shima (Doan and others,
1960 ; Foster and others, 1960).

MAPPING METHODS AND COMPILATION

Field mapping on Ishigaki-shima was done largely
on vertical aerial photographs flown in July 1955 by
the U.S. Air Force, scale 1:12,000, and on Army Map
Service (A.M.S.) map series 1791, sheets 2920, I, II,
and ITI, and 2919 IV, scale 1:50,000. Compilation of
the geologic map was on a special one-sheet map, scale
1:40,000, compiled from the four 1:50,000 A.M.S. map
sheets Compilation from the aerial photographs was
done by visual methods without the aid of plotting and
scale-changing instruments.

GEOGRAPHIC NAMES

The principal place names used in this report are
those recommended by the U.S. Board on Geographic
Names. Preliminary National Intelligence Survey
Gazetteer, Japan (1953), was the primary reference.
Where no decision was available for local place names,
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those employed by Foster and others (1960) for Ishi-
gaki-shima were used because these names were care-
fully checked and authenticated by the field party while
on Ishigaki-shima. Ifa choice of names was permitted
by the Board on Geographic Names, the Japanese form
was chosen in order that the names might be consistent
with the other place names, most of which follow the
Japanese form. Therefore, the designation Ryikya-
rettd is generally used, but in a few places, for con-
venience, the also accepted anglicized form, Ryukyu
Islands, is employed. Many of the place names, such
as Ishigaki-shima, are of Japanese origin; but some,
such as Nosoko-mapé or Bunada-baru, are words from
Yaeyaman dialects.

HISTORY AND GOVERNMENT

The history of Ishigaki-shima is closely tied to that
of Okinawa-jima because from earliest known times the
islands of the southern Ryikyii-retté were ruled by
native kings seated in Okinawa-jima. The kings ex-
erted different degrees of control over local chieftains
on the various islands, depending upon the power and
influence of the individual king.

Chinese annals which include the Rytukyu-rettd date
from the early seventh century and record visits to the
islands in A.D. 605 and 610 and a military expedition
in A.D. 611 (U.S. Dept. Navy, Office of Chief of Naval
Operations, 1944, p. 39). Some trade developed be-
tween Okinawa-jima and China, but no further official
intercourse, diplomatic or military, is recorded for sev-
eral more centuries.

The first recorded contact between the Ryiikyu-rettd
and Japan was in A.D. 617 when some natives from
Yaku-shima visited the Japanese court with gifts for
the empress. Several other exchanges of gifts and en-
voys occurred between Japan and various of the Ryukyu
Islands during this century, and representatives from
Ishigaki-shima are reported to have visited Japan in
the following century.

In 1372 the king of Okinawa-jima began to pay trib-
ute to the Chinese court, and the influence of China be-
came strong in the Ryikyii-retté and remained domi-
nant until 1609. In 1451 the king of Okinawa-jima
also began to pay tribute to Japan.

In 1609 the king of Okinawa-jima was defeated by
the prince of Satsuma from Japan, and the Ryukyu Is-
lands became virtually a protectorate of Japan; how-
ever, trade and cultural ties with China continued.

Toward the middle of the 19th century, various west-
ern powers became interested in the Rytkyu-rettd as a
possible means of opening trade with Japan. In 1844
the French landed on Okinawa-jima and were soon fol-
lowed by the British. In 1853, Commodore Perry ex-
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plored Okinawa-jima and concluded a treaty between
the king of the Ryukyus and the United States guar-
anteeing good treatment for American ships. In 1854
the French obtained a similar treaty, as did the Dutch
in 1858; however, because of the opening of direct rela-
tions with Japan shortly thereafter, the interest in the
Ryukyu Islands decreased. In 1871 Japan began steps
to incorporate the Ryiikyii-rettd as an integral part of
the Japanese State. Eventually, the king of Okinawa-
jima was removed to Tokyo, and Japan governed the
islands until the Japanese were defeated on Okinawa-
jima in 1945 in World War II. Before and during
World War II, Japanese troops were garrisoned on
Ishigaki-shima, but no actual fighting took place there.

At the close of World War II, the islands of the
Ryiikyt-retté were under the military government of
the United States, but in 1950 the U.S. Civil Adminis-
tration of the Ryukyu Islands (USCAR) was estab-
lished. In 1951, a “Provisional Central Government”
was organized to administer local activities and to form
the basis of a permanent central government within the
Ryukyu Islands. In 1952 the Government of the
Ryukyu Islands (GRI) was established and now op-
erates under supervision of the U.S. Civil Administra-
tion of the Ryukyu Islands.

The U.S. administration of the Yaeyama-guntd
(Yaeyama group of islands) is supervised on Ishigaki-
shima by the Yaeyama Civil Administration Team
(YCAT). GRI is represented on Ishigaki-shima and
other islands by various elected and appointed officials,
and representatives of the people are elected to the leg-
islature in Okinawa-jima. "Major towns and villages
and some small islands are governed by locally elected
officials.

POPULATION AND LANGUAGE

Ishigaki-shima had a native population of approxi-
mately 33,000 in 1955 (U.S. Civil Administration of the
Ryukyus, 1956, p. 165). The population has increased
considerably since World War II, and it may continue
to increase because of resettlement programs in which
native peoples from Okinawa-jima and Miyako-jima
are moved to new permanent homes on Ishigaki-shima
and because of improved health conditions. Shika
(Ishigaki City) is the largest population center on the
island and has about 22,000 people. It is the center of
trade, government, education, and other island activi-
ties. Ohama, Miyara, Shiraho, and Kabira are the
other large long-established towns or villages.

Japanese is written and spoken by most of the people
on Ishigaki-shima and is taught in the schools, but sev-
eral Yaeyaman dialects are still used, especially by
older people in the smaller villages. Chinese is spoken
by a few inhabitants.
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PHYSICAL GEOGRAPHY
CONFIGURATION, TERRAIN, AND DRAINAGE

Ishigaki-shima is very irregular in shape and has
many types of terrain (pl. 2). The main body of the
island is indented by two bays, Nagura-wan on the west
and Miyara-wan on the south. From the island’s
northeastern corner, a long strip of land extends north-
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dominant and in which Calophyllum, Pouteria, Guet-
tarde, Tournefortia, Scaevola, Hibiscus tiliacous,
Ficus retusa, and occasionally Casuarina are present.
Small plantations of Casuarina, Calophyllum, Acacia,
and groves of Livistona grow in places.

The mountain forests have all been selectively logged
for a long time, and as a result they are mostly low,
scrubby, and tangled. On the lower slopes of the
mountains and in the mouths of canyons, a forest
type composed largely of banyans (species of Ficus)
seems to have resulted from long-continued selective
cutting of timber species—a selective cutting which
has left the relatively useless banyans that now domi-
nate the forest. Small areas have been reforested.

Some coastal areas, rocky lands, and other areas
unsuited to agriculture are in scrub, that is, domi-
nantly woody vegetation not exceeding 4 meters in
height; for example, cycad scrub is found commonly
on exposed rocky slopes, knobs, and flats near the sea,
and Pandanus scrub is common along the coast, espe-
cially on rough limestone areas.

Most of the trees which grow on Ishigaki-shima are
described and pictured in the book, “Important Trees
of the Ryukyu Islands” (Walker, 1954).

Extensive grasslands are a conspicuous feature of
Ishigaki vegetation. Grass areas occur mostly on
marine-cut terraces at altitudes just a little above sea
level to about 80 meters, but grass covers some steep
mountain slopes (fig.2). Imperata or Miscanthus,both
harsh coarse grasses which make poor fodder, are domi-
nant. Some of the grassy areas have stands of Ryukyu
pine, either scattered and forming savannas or in forests
(fig. 3). Most of the grasslands are burned once or
twice a year.

Many valley bottoms, some coastal flats, and all other
possible areas are planted to wet rice (fig. 3). Sugar-
cane and sweet potatoes are economically important
crops on remaining areas suitable for agriculture. Much
rocky land and some steeply sloped areas are now
planted to pineapple. Wetlands containing salty or
brackish water are commonly mangrove swamp. Fresh-
water swamps are usually dominated by broad-leaved
evergreens such as Pandanus, Hibiscus tiliaceus, or Bar-
ringtonia racemosa.

FAUNA, PARTICULARLY THE HAZARDOUS ASPECTS

The fauna of Ishigaki-shima includes a large variety
of insects and other kinds of arthropods including centi-
pedes, spiders, ticks, and crustaceans; land and fresh-
water snails; a variety of snakes, lizards, geckos, and
toads; numerous sea and shore birds; a few mammals
such as wild pigs, bats, moles, rats, and mice, as well as
such domesticated animals as dogs, cats, horses, cattle,
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goats, hogs, chickens, oxen, and carabao. The yama-
nekko or mountain cat is a rarely seen nocturnal mam-
mal, about the size of a small fox. A few small fish were
noted in fresh-water streams, and an abundant variety
of fish and shellfish inhabit the sea around the island.

Because the fauna of the island includes several types
of animals that are hazardous or annoying, especially
for those doing fieldwork, the most commonly seen are
briefly described in the following paragraphs.

The habu or Sakishima habu, a poisonous snake, prob-
ably causes the greatest concern. This snake—7"rimere-
surus elegans Gray, a pit viper of the family Crotali-
dae—is common and occurs in many different habitats.
It comes around habitations and other buildings in
search of food and may be found under piles of lumber
or rubbish. It is also common in the mountains and may
be encountered almost anywhere—in tree branches, hol-
low trees, holes in the ground, caves, rocky ledges, along
streams, and on ridge tops. It is largely nocturnal but
may be aggressive during the day. The adult is com-
monly 90-120 centimeters long but may attain a length
of 150 centimeters. Although the bite of this snake
is dangerous, it is generally not fatal to man; however,
no antivenin has been produced that is effective against
its bite (Maj. H. L. Keegan, oral commun., 1956).

Coral snakes, Hemibungarus japonica and H. iwas-
akii, small snakes related to the cobra, also occur on
Ishigaki-shima. These snakes are much feared by the
local people, but are not particularly dangerous because
they are secretive and nocturnal in their habits.

Poisonous sea snakes of the genus Laticauda are fairly
common in the sea water around the island and are
frequently encountered by swimmers or are seen from
small boats. They are extremely poisonous but, fortu-
nately, rarely bite.

A small black spider with a red streak down its back,
Latodectus hasseltii has a very poisonous bite; it is gen-
erally believed to be rare. Most of the spiders on
Ishigaki-shima are not dangerous.

Yamangi (Dendrolimus sp.), a large ugly gray moth
larva, is dreaded by the natives, but laboratory tests
indicate that it may not be especially harmful. It lives
on the trunks and branches of trees in heavily vegetated
mountains. It is covered with hairs, which the natives
report cause considerable pain to the person who touches
them. These larvae blend so well with their surround-
ings that they are difficult to see. Numerous other
larval forms which cause varying degrees of irritation,
if touched, are present at certain times of the year on
vegetation, especially in the mountains.

Centipedes which are reported to have somewhat
poisonous bites are also very abundant in the mountain
areas. They may attain a length of more than 25 centi-
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meters. Whip scorpions are ugly but comparatively
harmless arachnids commonly found under logs and
under the floor matting in native dwellings. Terres-
trial leeches, locally called yama-biru, are annoying
but not poisonous. They occur in great abundance on
the ground, sporadically throughout the mountains.
They puncture any exposed patch of skin that they can
reach and suck the blood.

Wild pigs are common in the more remote mountain
areas but are generally not dangerous if unmolested.
If they have young, however, or if they are cornered,
they are ferocious. Ticks and fleas are especially an-
noying in areas frequented by wild pigs.

Several species of malaria-transmitting mosquitos
are abundant, and malaria occurs on the island, mostly
in northern areas. Anopheles minimus is probably
the most important vector on Ishigaki-shima. Numer-
ous other insect-borne diseases such as filariasis and
encephalitis are also common. Ticks and several kinds
of wasps and bees are fairly abundant.

Eels are common in depressions and channels on the
reef and will sometimes attack, inflicting severe wounds.
As in other subtropical and tropical areas, fish that are
poisonous to eat may be present in the sea. Danger
from sharks is slight in the shallow lagoonal waters
around Ishigaki-shima. A gastropod of the genus
Conus, which can sometimes inflict a very dangerous
wound, probably occurs in the sea around the island.
Jellyfish, many of which are large, drift along the
shores in great numbers at times. Contact with the
stinging tentacles of the larger specimens may cause
pain and a variety of allergic manifestations.

PREVIOUS GEOLOGIC STUDIES

Most early scientific information on the southern
Ryiikyii-rettd concerns Okinawa-jima because it is the
largest and the most heavily populated island and was
the seat of government. The first geologic report orig-
inates from the visit by Commodore Perry and his
American naval squadron to the island in 1853 while
they were en route to Japan. The chaplain of the
expedition, the Rev. George Jones (1856), observed
and reported on the geology.

In 1860 some fossils from Okinawa-jima collected
by the missionary Furet (Petermann, 1860, p. 156)
were mentioned in an article on the Ryukyu Islands.
Déderlein (1880~84) was the next to make geological
observations of the islands. He described Okinawa-
jima in some detail and listed the more southerly
islands, including Ishigaki-shima. Suess (1888),
drawing upon the observations of Jones, Déderlein,
and authors who had written on Formosa, rather ac-
curately described some of the major characteristics of
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the Ryukyu arc, such as the inner zone of volcanoes
and “the fragments of the cordillera,” which make
an outer zone. He recognized the similarity of the
Ryukyu arc to other island arcs.

The first specific geologic description of Ishigaki-
shima, as far as is known, is by T. Kata in 1885. He
included a geologic map of the Ryikyii-rettdo. In 1895
Nakayoshi published a description of the topography,
soil, and climate of the Yaeyama-gunté. He described
four types of “soil” on Ishigaki-shima : limestone, mica
schist, gneiss, and granite.

In 1899 Kuroiwa described the geology of Ishigaki-
shima; he based his description on a visit to the island
and on the publications of Kata and Nakayoshi. His
rock samples were studied by B. Kot in Japan. Glau-
cophane schist was identified and assigned to the upper
Archeozoic, along with chlorite schist and mica schist.
Kuroiwa recognized the similarity of these rocks to
those of the “Sambagawa series” on the island of
Shikoku, Japan. He regarded the chert and quartzite
as probably Paleozoic in age. He found the Eocene
limestone and stated that it was Tertiary in age and
that it might be Miocene. He described the Ryukyu
Limestone and assigned it to the Diluvium. He also
mentioned the igneous rocks.

In 1897 Kotd collected the scanty information on the
Ryiikyii-rettd, including the Yaeyama-gunto and Ishi-
gaki-shima, and presented a summary and interpreta-
tion. He described a “three fold structure in the Riu-
Kiu Curve,” an inner volcanic chain of islands, a mid-
dle arc to the east consisting of older geologic forma-
tions, and an outer arc of Tertiary and Quaternary
formations on the Pacific side. He recognized that
the inner volcanic chain is not traceable south of Tori-
shima. Of the middle are, he said, “A mountain range
was raised up in this region before the Mesozoic era,
and remained emerged until the early period of the
Cenozoic era. Then, during the Cenozoic a crustal
change of a grand scale took place, as the result of
which there is only a remnant of ‘the Riu-Kiu Cor-
dillera’ represented by the islands of the Riu-Kiu
Curve.”* He assigned the southern part of Okinawa-
jima and of Miyako-jima to the outer Tertiary and
Quaternary arc, but he recognized a disruption of the
patterns between Okinawa-jima and Ishigaki-shima.

In 1899 Yoshiwara traveled extensively in the Ryu-
kyu Islands. He described (Yoshiwara, 1901a) the
geology of Ishigaki-shima and other islands of the
Yaeyama-guntd in some detail. He presented a gen-
eralized geologic map of Ishigaki-shima at a scale of
1:200,000.

In 1902 Von Richthofen presented a map which di-

1 Translation by Ichiro Hayasaka.
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vided the Ryilikyl-rettd into three zones, virtually as
proposed by Koto.

Yabe and Hanzawa became interested in the stratig-
raphy and fossils of the Ryikyi-rettd and published
the first of several papers in 1920 and 1921. Earlier
Yabe (1906) had published a study of Nwmmulites
from Okinawa-jima and had discussed the geotectonics
of the Ryukyu Islands (1917). Aoki (1982) also pub-
lished a report during this period on the geology of
Ishigaki-shima.

In 1935 Hanzawa published a comprehensive de-
scription of the geology of the Rylikyi-rettd, includ-
ing Ishigaki-shima, with colored geologic maps, scale
1:500,000. This work has served as a basis for all later
geological work, as Hanzawa recognized and described
the major elements of the geology of Ishigaki-shima.

After the work of Hanzawa, Japanese military op-
erations and World War II prevented much additional
fieldwork in the southern Ryukyu Islands, and the next
geologists to visit the islands were Americans during
and after the war. Flint and Saplis made a recon-
naissance of Ishigaki-shima in 1948; Neuschel investi-
gated manganese prospects in 1949; and Carson and
Davis surveyed the water resources in 1954; but no
detailed work was done until the present study.

GEOLOGIC SETTING AND THE RYUKYU ARC

The islands of the Ryiikyii-rettd compose one of sev-
eral island arcs which bound the basin of the Philippine
Sea (pl. 3). The Ryukyu arc or Ryukyu ridge has the
typical features of island arcs—a zone of active vol-
canoes on the inner, concave (continental) side and a
trench or foredeep on the outer, convex (sea) side.
Most of the volcanoes are in the northern segment of
the arc, and the trench is deepest off the southern
segment of the arc. The highest altitude, about
520 meters, is in the southern part of the arc on the is-
land of Ishigaki. The deepest known part of the
trench is about 7,500 meters. Thus the known differ-
ence in altitude in this part of the are, about 8,020
meters, is considerably smaller than that of the Japa-
nese arc, which has a relief of about 12,180 meters.

The northern part of the Ryukyu arc and the south-
ern part of the Japanese island arc terminate in the
Japanese island of Kyiishi. The volcanic zone of the
Ryukyus seems to continue into Kyiishi. Taiwan is
the southern terminus of the Ryukyu are, and the vol-
canic rocks of northern Taiwan may be a continuation
of the Ryukyu volcanic zone. The relationship of
other rocks and structures to Taiwan is uncertain, but
Yen believes that the northern part of Taiwan displays
many of the same structural features as the Ryukyu arc
(Yen, 1958¢c, p. 13).

A13

The concept of a triple arc in the Ryukyus as de-
scribed by Koto (1897), Kobayashi (1941, p. 457), and
others is illustrated on plate 3. However, the writer
prefers a concept of only two principal longitudinal
zones in the are, that is, an inner voleanic zone corre-
sponding to that of Kotd, and an outer core of old rocks
over which Tertiary and Quaternary deposits are pres-
ent in places. On many of the islands the older rocks
of the core are not exposed but nevertheless probably
compose the foundation of the island. Even the con-
cept of two zones or arcs is not very applicable in the
southern Ryukyu Islands because a distinct zone of
active volcanoes is absent.

The islands of the southern part of the Rytikyii-rettd
are of three general types: islands having an exposed
core of old (Paleozoic (?)) folded, faulted, and meta-
morphosed rocks, over which Tertiary and Quaternary
sediments have been deposited in places, particularly
around the margins of the islands; islands whose prin-
cipal body is tilted and faulted Tertiary sedimentary
rocks with marginal and overlapping Quaternary de-
posits; and islands which expose only Quaternary (and
possibly Pliocene) rocks, such as reef limestones and
beach deposits. The Sakishima-gunto has islands of
all three types. Ishigaki-shima, Taketomi-jima, Ko-
bama-jima, and Iriomote-jima have cores of old Pale-
ozoic(?) metamorphic rocks; Yonaguni, Okinokami-
shima, Hatoma, and the islands of the Miyako-guntd
are composed of Tertiary and Quaternary rocks; and
Kuro-shima and Aragusuku-shima have only Quater-
nary rock exposures. Ishigaki-shima is the only is-
land of the Sakishima-guntd which has exposed granitic
rocks.

Data on submarine geology in the southern Ryukyu
Islands are very limited. Hanzawa (1935, p. 9) de-
scribed the islands or groups of islands as resting on
insular shelves up to 100 meters in depth. The insular
shelf upon which the Miyako island group rests is sepa-
rated from islands of the Okinawa-guntd by waters
having a depth of more than 1,000 meters (Hanzawa,
1985, p. 9). The Miyako-guntd is separated from is-
lands of the Yaeyama-guntd by water depths of
about 400 meters. All islands of the Yaeyama
group except Yonaguni-shima and Okinokami-shima
are on the same insular shelf. Hanzawa also recog-
nized several submarine furrows which incise the insu-
lar shelf on the west and north sides of Iriomote-jima,
and he suggested that some of these furrows might be
submarine canyons.

The insular shelf upon which Yonaguni-shima is lo-
cated is very narrow and is flanked by a deep or sub-
marine platform 400 meters deep (Hanzawa, 1935,
p. 10), and a submarine canyon is traceable south of
the island to a depth of 500 meters.
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Three ages of disturbances are discernible in the
Yaeyama-gunto. The oldest disturbance represented is
the folding and faulting shown by the Paleozoic(?)
rocks. Next is Tertiary tilting and faulting, and the
youngest is faulting of late Pleistocene or Recent age.
All these disturbances affected Ishigaki-shima, but indi-
cations of the latest faulting are not as well displayed
there as on some of the other islands, such as Yonaguni
and Taketomi.

Several early workers postulated that the Ryukyu
arc had been thrust eastward away from the mainland
of Asia. Kobayashi accepted this concept and associ-
ated the Ryukyuan thrusting with the Sakawa orogenic
cycle, which he postulated as a Late Cretaceous episode
of major thrusting in the Japanese arec.

Cloud and others (1956, p. 18) have called attention
to the similarity between the Ryukyu arc and the
Mariana arc, along with certain differences between
these arcs and the Indonesian arc. They suggest that
the Ryukyu arc represents an older and more complex
structure than the Mariana arc. Hess (1948, p. 421-
422) has also suggested that the Ryukyu arc may be
older because of the shallowness and limited extent of
the Ryukyu trench. The Ryukyuan arc may have come
into being in late Paleozoic or Mesozoic time; the Mar-
iana arc, sometime during the Tertiary.

Benioff (1954) has suggested that originally the
Ryukyuan-Japanese-Kamchatka arc was a single arc of
large curvature. Later approximately 90° counter-
clockwise bending about a vertical axis in Manchuria
resulted in the present form of the arcs and the forma-
tion of the Honshu-Mariana arc.

The rocks of the Ryukyu arc are believed to be more
closely related to those of Taiwan, Japan, and the
Asiatic Continent than to those of the deep Pacific
basin. For example, the volcanic rocks ar chiefly ande-
sitic rather than olivine-, picrite-, or nepheline-basalt;
granitic instrusives are present; and sedimentary and
metamorphic rocks are of the same general types as
occur on the Asiatic Continent and its border areas.
Also, fossil mammal bones and the present distribution
of poisonous snakes and wild pigs are indications of
actual geographic land connections between these is-
lands and the Asiatic mainland, possibly through
Taiwan, in late Tertiary or Pleistocene time. The so-
called andesite line is well to the east of the Ryukyus,
and Cloud and others (1956, p. 19) concluded that it is
nearly located by the Palau-Yap-Mariana-Japan trench
system.

STRATIGRAPHY

Ishigaki-shima has a large variety of rock types, and
these rock types have a wide range in geologic age for so
small an island (223 sq km in area). The general strati-
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graphic succession of these rocks was established by
the work of Japanese geologists. The present study
produced much additional information about the
geologic formations and their relationships to one an-
other, although many problems merit further investi-
gation. The stratigraphic sequence, as presently inter-
preted, is shown in figure 10.

The oldest rocks exposed on the island are meta-
morphic rocks, the Ishigaki Group, which are probably
Paleozoic in age. No Mesozoic rocks are known, al-
though some of the metamorphic rocks or some of the
intrusive igneous rocks may belong to this era.

The oldest unmetamorphosed sedimentary rocks are
those of the Miyara Formation of late Eocene age.
These are overlain, in places, by bedded volcanic rocks,
the Nosoko Formation. The exact age of the Nosoko
Formation is undetermined, except that most of it is
younger than the Miyara Formation and that it is
older than the Nagura Gravel.

Other sedimentary deposits are probably mostly
Pleistocene or Recent in age. They include the Nagura
Gravel with the Bunera Clay Member; the Ryukyu
Limestone, a reef limestone ; beach gravel and beach and
dune sand ; and alluvium.

Granite, granodiorite, and- diorite of probable Ter-
tiary age intrude the metamorphic rocks. Rhyolite and
granophyre are closely associated with them.

ISHIGAKI GROUP

The metamorphic rocks of Ishigaki-shima, called the
Ishigaki Group (Foster and others, 1960, p. 88) are the
oldest rocks exposed, and they form the core or founda-
tion of the island. The total area.of outcrop is nearly
68 square kilometers, and this area constitutes more than
30 percent of the total land area of the island. A
Paleozoic age is tentatively assigned to these rocks.
They have been intensely folded and faulted and are
intruded by granitic and andesitic rocks. Similar
metamorphic rocks crop out on the neighboring islands
of Taketomi, Kobama, and Iriomote.

The Ishigaki Group has been divided into two forma-
tions, chiefly on the basis of lithology. The Tumuru
Formation comprises low-grade metamorphic schistose
rocks such as greenschist, glaucophane and crossite
schist, quartz-mica schist, and graphitic schist [a schist-
ose rock containing some graphite]. The Fu-saki
Formation comprises bedded chert, conglomerate,
sandstone, phyllite, quartzite, graphite schist [a schist
composed largely of graphite], greenschist, quartz-mica
schist, hornfels, meta-andesite, and some marble.

Some metamorphic rocks of the Ishigaki Group
were not separated into formations. These are shown
as the undifferentiated Ishigaki Group on the geologic
map (pl. 4). In the southeastern part of the island,
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Era Period Epoch Group Formation or deposit Type of rock or sediments Thickness (in meters)
Alluvium Gravel, sand, silt, and clay Commonly 1-10
Deposits on
. Recent Beach present beaches Sand and gravel
s deposits | Beachrock Conglomerate 0.3-15+
c Elevated deposits | Sand and gravel
% ? UNCONFORMITY
3
© (=4 Ryukyu Limestone Sandy and coralliferous limestone 1-20+
Q v
g Pieistocene Sakishima
3
3 ) Nagura Gravel Gravel, sar\'cl. and clay 1-234
Bunera Clay Member Gray, fossiliferous clay
Pliocene
- UNCONFORMITY
H Miocene(?)
€ N Nosoko Formation Andesite, andesitic breccia, and tuff 300+
|1> Oligocene(?)
¢ . UNCONFQRMITY? T t dst | "
Eocene Mlyara Formation imestone, sandstone, conglomerate 1-141+
= UNCONFORMITY
»g Fu-saki Formation Chert, schist, phyilite, marble, 170+
S Ishigaki meta-andesite, metaconglomerate -
[
;_5 Tumuru Formation Schist 600+
. Igneous Sakieda Rhyolite; locally includes granophyre and mylonite
Tertiary(?)  intrusive Cha-yama Granodiorite
rocks Omoto Granite

FI1GURE 10.— Stratigraphy of Ishigaki-shima.

the undifferentiated Ishigaki Group includes green-
schist, quartz-mica schist, and some crossite schist. A
mountainous area adjoins the granitic mountains on
the east. It has graphitic schist in the vicinity of
Fukai and in the southwestern part of the area;
bedded chert is exposed along tributaries to the
Miyara-gawa and also in the southwestern part of the
mountainous section; quartz-mica schists compose
many of the higher mountains; and some greenschist
is present, and a hornfels is found in the northeastern
part of the area.

The Ishigaki Group is referred to in previous litera-
ture as simply the Paleozoic formation (Aoki, 1932;
Hanzawa, 1932a, 1935, p. 43) or as the Kunchan Group

Partial section of Tumuru Formation at Tumuru-seki

[See fig. 11; index map shows location of stratigraphic section]

Thickness
(meters)

Top of section eroded.
Mieca schist, dark-gray; may contain hornblende or
carbonaceous material ?
Schist, green, and gray quartz-mica schist; many veins
and chunks of milky quartz
Schist, green, and blue crossite schist; interbedded
with quartzitic layers; much contorted into small
drag folds; lenses and chunks of milky quartz
abundant ; numerous vugs in the quartz___________ 137.0
Schist, green, and covered; probably mostly green-
schist
Quartz-mica schist, light-gray; has white quartzitic
layers interbedded with silvery mica layers; con-

105.0

179. 0%

: .s tains many veinlets and chunks of milky quartz._.. 91.5
(Kata, 1885), a name taken from Okinawa-jima. Schist, green, interbedded with light gray quartz
mica schist 6.0
TUMURU FORMATION
v o Quartz-mica (?) schist, dark-gray; many quartz vein-
TYPE SECTION AND STRATIGRAPHIC RELATIONSHIPS lets: much fractured and highly contorted; grades

The Tumuru Formation was named by Foster and d"Wf“iVard i.llto graphitic s:t*hisrd - 1.5

others (1960, p. 88) from Tumuru—saki, about 1’350 Graphitic schist, dark-gray; .mfol .ed quartz veinlets
. . 1. and 5-cm layers of greenschist; highly contorted---.- 1.5
meters southeast of the village of Akeishi on the north- .
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Complete sections are not available because much of
the formation is covered and the lower contact is not ex-
posed. The top of the Tumuru Formation is an ir-
regular erosional surface, in places covered by the
Miyara Formation, Nagura Gravel, Ryukyu Lime-
stone, or other deposits, all of which are in angular
unconformity to the Tumuru. Younger rocks obscure
the contacts of the Tumuru with the Fu-saki Forma-
tion, or faults separate the two formations.

THICKNESS AND DISTRIBUTION

The exposed thickness of the Tumuru Formation
on Ishigaki-shima is estimated to be about 600 meters.
The total area mapped is about 25 square kilometers,
and, in addition, part of the area mapped as undiffer-
entiated Ishigaki Group includes rocks of the Tumuru
Formation. The Tumuru Formation crops out in the
northern and western parts of the island, chiefly
in mountainous terrain and on marine-cut terraces at
the base of mountains (figs. 12,13).

LITHOLOGY
GREENSCHIST

Greenschist is one of the most abundant lithologic
types of the Tumuru Formation. It is interbedded
with bluish-gray or bluish-green crossite and glauco-
phane schist, dark-gray carbonaceous and graphitic
schist, and light-gray quartz-mica schist. Schistosity
generally is well developed. Quartz veins and veinlets
commonly cut the rock in many directions, and lenses
and stringers of quartz are characteristic along planes
of schistosity.

Greenschist is abundant on the Yarabu peninsula
(fig. 14) and composes large parts of the Tumuru
Formation of the Ibaruma and Hirakubo peninsulas.

Typical outcrops of greenschist are green or green
and brown on weathered surfaces. Most weathered rock
is fairly soft and easily dug away with a pick, but in
places, especially where the amount of quartz is high,
the rock is hard and forms ledges. Locally, as at O-saki
on the Yarabu peninsula, small pyrite crystals are abun-
dant and may cause the weathered surface to be brown
and speckled.

The color of fresh greenschist surfaces is green or
greenish-gray with white streaks and patches of quartz.
A mottled appearance characterizes a few specimens in
which albite is a principal constituent.

The principal minerals composing greenschist are
epidote, chlorite, actinolite, and albite. Common minor
constituents are titanite, iron oxides, iron sulfides, mica,
and quartz. Grain size generally ranges from 0.05 to
Q.S millimeters. Some specimens show distinct band-
ing, but others do not. Banding seems to be due in part
to differences of mineral composition, and some bands
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may represent original bedding. Some types of green-
schist are very dense, but others have small cavities as
much as 3 centimeters long along planes of schistosity.
On the axes of small folds, cavities may be larger.

GLAUCOPHANE SCHIST AND CROSSITE SCHIST

Bluish-gray and bluish-green schists are interbedded
with greenschists, although they seem to be most com-
mon toward the upper part of exposed sections. Blue
schists are most abundant on the Hirakubo and Yarabu
peninsulas; yet they also crop out in areas where the
Ishigaki Group has not yet been differentiated into
formations, as along the eastern coast near Tdzato and
in the Fukai area. The bluish color is due to the sodium
amphiboles crossite and glaucophane, crossite being the
most common.

Typical types of the crossite and glaucophane schists,
along with their minor constituents, are as follows:
epidote-glaucophane schist with titanite, muscovite,
quartz, and rare albite; albite-chlorite-quartz-musco-
vite-epidote-crossite schist with iron oxides and a little
titanite; epidote-muscovite-crossite schist with quartz,
albite, and titanite; epidote-crossite schist with quartz,
titanite, albite, muscovite, chlorite, and iron oxides;
pumpellyite-glaucophane schist with quartz, albite, ti-
tanite, apatite, and iron oxides; albite-epidote-chlorite-
crossite schist with titanite, iron oxides, and calcite;
quartz-chlorite-epidote-crossite schist with titanite,
muscovite, and iron oxides; garnet-crossite-quartz
schist with iron oxides, muscovite, chlorite, apatite, and
albite; and epidote-chlorite-crossite-quartz schist with
titanite and muscovite.

Grain size of crossite and glaucophane schists gen-
erally ranges from 0.05 to 0.3 millimeter, but a grain
size of 0.01-0.05 millimeter was observed in some
samples.

Schiirmann, who examined some of the Ishigaki-
shima material, reported that specific gravity ranges
from 3.02 to 3.18 and that the average of 13 determina-
tions was 3.10. He stated (1958, p. 185) that this
specific gravity is well known from fine-grained or
dense dull glaucophane-bearing rocks in Japan, Turkey,
Venezuela and Queensland.

Schiirmann (1958, p. 134-1385) further described the
samples that he examined, 2 of which were from the
Yarabu peninsula and 8 of which were from the north
end of the island, as
* * % yery fine-grained, greyish-green to bluish-green coloured
dull rocks without pronounced schistosity. On the cleavage
planes some silky luster caused by chlorite and exceptionally
by muscovite is frequent; some specimens show irregular bed-
ding ; porphyroblasts are absent. In some rocks there are con-

centrations of chlorite and of epidote. Needles of hornblende
are only exceptionally recognized under the hand-lens * * *,
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MARBLE

Marble has been found on Ishigaki-shima at one
locality, Ishisoko, and also on the northeastern coast
of Taketomi-shima. The thickness is not measurable
at either locality. At Ishisoko, 2.5 kilometers north of
Shika, marble composes an isolated conical knob about
21 meters high, 61 meters long, and 46 meters wide.
The marble is gray and massive. It is broken by a
conspicuous set of widely spaced vertical joints and
a few less conspicuous oblique joints. Solution has
widened the joints, and the top of the knob is pinnacled.
The re'ation of the marble to other rocks in the vicinity
is not known.

Microscopically, the rock is a mosaic composed of an
aggregate of interlocking calcite crystals, which Hein-
rich (1956, p. 195) described as a sutured texture. The
common grain size is about 0.45-0.85 millimeter across;
however clusters or areas of smaller crystals are found.
All clastic and organic structures have been effaced.
Bent twinning planes and granulated zones and streaks
are common.

Crystals of calcite both larger and smaller than those
of the main mass of rock compose veinlets that extend
in many directions. Minerals other than calcite are
rare in the thin sections, although occasional quartz
and chert grains were found.

Marble on Taketomi-shima lithologically resembles
that of Ishisoko, but only a small amount of it is
interbedded with or occurs as a lens in gray shale. It
crops out for a distance of about 5 meters along the
strike and has a maximum outcrop width of as much
as 1.3 meters. Because the marble has been folded and
squeezed, the width of outcrop does not represent the
true thickness of the marble. The marble itself con-
tains some dark-gray streaks. A thin section showed
that the rock is coarser grained than that from Ishisoko,
having calcite crystals as large as 1.6 millimeters across.
The texture is somewhat granoblastic.

Lithologically, the marble of Ishigaki-shima and that
of Taketomi-shima closely resemble the Motobu Forma-
tion of Okinawa-jima.

OTHER ROCK TYPES

Hornfels occurs mostly along the margins of the
granitic intrusives. A typical biotite hornfels from
along the western contact between the granite and the
Fu-saki Formation consists of fine grains of light-
reddish-brown biotite scattered among fine grains of
quartz. Minor constituents are chlorite, muscovite,
garnet, tourmaline, and calcite. Grain size ranges from
less than 0.01 to 0.05 millimeter. The hornfels probably
formed from a psammitic rock. A biotite hornfels
from the contact between granitic rocks and the Fu-saki
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Formation along the Shiramizu-gawa has biotite crys-
tals 0.2-0.4 millimeter in size in a groundmass of
quartz and feldspar. The feldspar is partly altered to
aggregates of muscovite with a small amount of chlo-
rite. Quartz is medium grained and has an allotrio-
morphic texture.

Meta-andesite occurs as thin dikes offshore from the
mouth of the Nagura-gawa and at Aka-saki. The dikes
were emplaced before the metamorphism of the Fu-saki
Formation because they were metamorphosed along
with the host rocks. A few andesite dikes in the same
localities were injected after the metamorphism.

Quartzite is most common in the area along the east-
ern side of Nagura-wan where the Fu-saki Formation
borders the granitic intrusion. Most of the quartzite
is white and massive. Some probably originated from
contact metamorphism of sandstone, but part may be
recrystallized chert. Under the micrescope, quartz-crys-
tals show strain effects. Commonly the rock has closely
spaced fractures which have completely healed. Quartz-
ite (IS-M-210-56) also occurs associated with chert.
For example, about 2.5 kilometers north of Shika, a
reddish-brown quartzite underlies chert.

ORIGIN

The Fu-saki Formation was originally chiefly sedi-
mentary rocks, such as arkosic sandstone, shale, and
chert ; the sediments were probably deposited in a geo-
syncline, very likely the same geosyncline in which the
Tumuru Formation was deposited. However, at the
time of deposition of the Fu-saki Formation, materials
typical of miogeosynclinal conditions were accumulat-
ing, that is, predominantly arkosic sands and carbona-
ceous muds and silts. The arkosic sands containing
microcline and perthite suggest a granitic source, per-
haps granitic highlands bordering the geosyncline.

The origin of the bedded chert is unknown. It does
not seem to be lenses in limestone. Similar bedded
chert is present on Okinawa-jima and in Japan. It may
have precipitated from water high in dissolved silica
of volcanic origin. In cherts in Japan, lucid spots
which have been interpreted as Radiolaria suggest that
the silica may have been organically precipitated.

Limestone was also probably deposited in sequence
with the other sediments. Marble at Ishisoko may be
the erosional remnant of a lense of limestone squeezed
into the crest of a fold.

WEATHERING AND SOILS

Weathering of the rocks of the Ishigaki Group varies
in depth from O to about 8 meters because of the many
different lithologic types and the variety of topographic
situations. Generally, the chert, marble, crossite schist,
some greenschists, some quartz schist, and hornfels are
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fairly resistant to weathering. Commonly, phyllites,
metasandstone, some carbonaceous schists, and some
mica and greenschists are deeply weathered. Weather-
ing is generally deepest and soils are thickest in swales
on ridges and hilltops composed of metasandstone,
such as the swales in the mountains of southwestern
Ishigaki-shima, including Maishi-take and Banna-
dake. Small areas of deep soil are commonly separated
by areas of shallow soils or even areas of bedrock with
no soil cover.

Shallow acid dark-grayish-brown Lithosols are the
most common types developed on the Ishigaki Group in
mountainous terrain. Rocky areas without a soil cover
are common, and scattered areas of Red-Yellow Pod-
zolic soils range in depth from 8 to 8 meters. In the
hilly areas and on the marine-cut terraces underlain
by the Ishigaki Group, Red-Yellow Podzolic soils pre-
dominate. These soils generally have a brownish
loamy A horizon over a yellowish-red clay loam B
horizon. Much of this soil is very stony, although
there are stone-free areas. In the mountain region of
southwestern Ishigaki-shima and on surrounding ter-
races underlain by the Fu-saki Formation, yellowish-
brown, gravelly, sandy, and silty loams which are
strongly acid are common.

AGE AND CORRELATION

The age of the Ishigaki Group is not definitely known
as no fossils have been found in it. The group is cer-
tainly older than Eocene because it is overlain uncon-
formably by Eocene conglomerate which contains rock
fragments derived from the Ishigaki Group. It is
known that rock fragments of the Ishigaki Group were
eroded and incorporated in the Eocene conglomerate
after the metamorphism of the rocks of that group be-
cause the Eocene conglomerate is not metamorphosed.
Relative ages of the Tumuru Formation and Fu-saki
Formation were not determined. No sedimentary con-
tacts were observed between the two formations as they
are separated by faults, or have their contacts covered
by later deposits. Detailed studies of the undifferen-
tiated areas of the Ishigaki Group may yield informa-
tion on this problem in the future. Tentatively, the
Tumuru Formation has been placed beneath the Fu-saki
Formation in the geologic column because it seems to
show a slightly higher degree of metamorphism, sug-
gesting deeper burial. However, the degree of meta-
morphism cannot be directly compared because of dif-
ferences in the original materials composing the two
formations. Theories concerning the age of the
Ishigaki Group are based largely on lithologic simi-
larity between these rocks and those of meighboring
areas, particularly those of Japan, Taiwan, and

Okinawa-jima.

ISHIGAKI-SHIMA, RYUKYU-RETTO
SIMILIARITY TO ROCKS IN JAPAN

Metamorphic rocks of the Ryiikyi-rettd resemble
some metamorphic rocks of Japan, particularly the
Paleozoic Sambagawa and Mikabu metamorphic rocks
which occur in an elongate zone from the Kwanto moun-
tain land of central Honshii southwestward to Kyushi.
The Sambagawa and Mikabu metamorphic rocks are a
thick complex of crystalline schists, phyllites, chert, and
crystalline limestone, mostly of the greenschist meta-
morphic facies. The rocks are highly deformed and
their structure is extremely complex (Japan Geol. Sur-
vey, 1956, p. 118-124).

Yoshiwara, as early as 1899 (1901a), saw the re-
semblance of Ryukyuan metamorphic rocks to the Sam-
bagawa and Mikabu metamorphic rocks (Chichibu Sys-
tem) of Japan and referred the age of the Ryukyuan
rocks, including the Ishigaki Group, to the Paleozoic
fra. SIMILARITY TO ROCKS IN TAIWAN

The island of Taiwan, 240 kilometers west of Ishigaki-
shima, has on its eastern side rugged mountains, the
backbone range, composed of metamorphic rocks.
These rocks include the Tananao Schist which “* * *
on the eastern flank of the backbone range consists of
graphite schist, schistose sandstone, cherty quartz schist,
crystalline limestone, chlorite schist, and paragneiss
derived mainly from sandstone, shale, limestone and
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