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PREFACE

The geologist’s units are often continents and oceans, centuries and millenia.
Within the vast scope of geology, this book is devoted to China, Korea and Man-
churia. It complements other English-language studies of Asian geology by Japa-
nese geologists: Geology of Japan (1963), Geology and Palaeontology of Southeast Asia
(volume I, 1964; volumes II and III forthcoming), and Geologic Sheet Maps of the
Far East (1964).

This volume is derived from the formation of a committee in March, 1950, by
the Tokyo Geographical Society, which had the purpose of compiling material on
the geology and mineral resources of the Far East. Inaugurating a program for the
preservation, compilation, and publication of such data, the committee collected
articles from more than 200 specialists who had been repatriated after the war,
and edited a three-volume series, Toa Chishitsu Kosan Shi (Geology and Mineral
Resources of the Far East). One volume was devoted to each of the major areas,
China, Manchuria, and Korea.

The series was published in 1952 and is now out of print. Since it was the com-
mittee’s hope that the study be made accessible to Western as well as Japanese
scholars, it is considered appropriate to publish an English version of the series
rather than a second edition in Japanese.

The present volume consists of a selection of seventeen articles from the 1952
edition. It deals with stratigraphy, geology and mineral resources in the three
areas. The remaining articles will be translated and edited for future publication.

Much of the basic research data were gathered before and during World War
II. The intervening ycars have been ones of accelerating scientific research with
the development of new tools and techniques, but since all of China and Man-
churia and the northern half of the Korcan Peninsula is now closed to Western—
and Japanese—geologists, and since a few decades are minute in terms of geologic
time, the value of the studies based on these data and included here have increased.
Some articles were, of necessity, written from memory due to the destruction of
data.

Publication of the Japanese and English editions was made possible by grants
from the Ministry of Education and the generosity of the United States Geological
Survey, which supplied the committee with topographic base maps and continued
assistance in translating and editing.

The editors have striven for consistency in Romanization, particularly of place
names. Some names conform to U.S. Board of Geographic Names style but no



feasible way of obtaining complete consistency was available. A glossary is, how-
ever, provided.

Because of the trying conditions under which some of the articles were written,
it was not always possible to include an extensive bibliography.

We would like to acknowledge with gratitude the assistance of the following
stafl members of the U.S. Geological Survey who, while they were stationed in
Tokyo, were especially active in the promotion of the committee’s work:
Messrs. T. Kurosaka, S. K. NeuscHEL, M. E. Wing, C. S. Jounson, Helen L.
Foster, D. H. Doan, G. Corwin, and R. C. KEPFERLE.

We would also like to thank Miss Reiko Fusejima who prepared the glossary
and Miss Ellen LocaN who edited the English text.

Compilation Committee for

Geolog y and Mineral Resources of the Far East,
Tokyo Geographical Society

Chairman: Tsutomu OGURrRA

Advisors:  Hisakatsu YABE, Shinji YAMANE*
Members: Riuji ENpo Ichiro Havasaka
Fujio Homma* Takeshi IcHiMURA*

Teiichi KoBavasur Tomofusa MirsucHi
Toshiya Mivazawa Hiroshi Ozaxki
Takao SAKAMOTO Konosuke SaTo
Iwao TATEIWA Toru TomrTa*
Kimio UEMURA

* deceased
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Synopsis of the Geological Systems of Korea

Iwao TATEIWA

Introduction

It has been known since C. GorrscHE published the first contribution on the
geology of Korea in 1886 that Korean and Japanese geological characteristics are
strikingly dissimilar, and that those of Korea and South Manchuria or North
China are comparatively similar. In the intervening years, geologists have been
able to study extensively the geology of these arecas, but many problems of de-
tailed comparison remain unsolved. This volume’s research projects, suspended
by World War II, are by no means an exhaustive treatment of East Asian geo-
logy; much remains for future study.

In this paper the writer intends to give a general idea of the sequence of geolog-
ical events to which Korca was subjected. For this purpose I have drawn up a
generalized table, compiled on the basis of up-to-date information and some revised
considerations by the writer.

Before presenting the table, however, I wish to point out briefly the principal
differences and similarities in the geology of Korea and Japan, and Korea and
South Manchuria or North China, and to discuss some important problems of the
stratigraphy and crustal movements of Korea. Such comparisons and discussion,
together with the table, may be of significance not only with reference to Korea,
but the vaster area of East Asia as well.

Comparison with Japan

Comparing the geology of Korea with that of Japan, we can ecasily find marked
dissimilarities in such aspects as the areal distribution of dominant rocks, sedimen-
tation environments, crustal movements, epochs and lithological characteristics
of igneous activities.

Mesozoic or older rocks, including nco-granites which may be from the later
Cretaceous to the beginning of the Tertiary, are extensively distributed in Korea.
Pre-Cambrian granite-gneisses and crystalline schists, together with granites, the
majority of which may belong to the neo-granite referred to above, cover more than
half of all Korea. Terrain with eruptive rocks of the Tertiary or later is much nar-
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4 KOREA

rower than that of Japan ; the rocks occupy isolated and narrow areas,or thinly cover
older rocks. In this connection, however, the writer must point out the noteworthy
phenomena that Cenozoic andesites, very common and widespread in the Japa-
nese archipelago, are distributed in a far narrower area in Korea;" multifarious
alkaline volcanic rocks, probably of the late Tertiary or Pleistocene, are widely
distributed in northeastern Korea and form an essential portion of the petrogra-
phic province of alkaline rocks in East Asia; and that there are fairly extensive
arcas of basaltic lava in North Korea, one of which extends far into Manchuria
as a basaltic lava plateau surrounding Mt. Packtu, and the outpouring of this
lava may suggest some genetic connection with a crustal condition under which
the land was diversely disjuncted by normal faults and tilted.
In sedimentary environments there are also various differences between Korea
and Japan which are worthy of special notice. Korea was subjected to large-scale
transgressions of oceanic water at least twice during the Pre-Cambrian and twice
during the Paleozoic, which left thick deposits of marine sediments. But, after the
sea retreated from Korea in the Late Paleozoic, the environment was greatly
changed and the land was never again covered extensively by marine water.
During the Mesozoic, the land was often covered by more or less extensive
lacustrine or partly littoral water; and in the Cenozoic only the marginal terrains
were under lacustrine, lagoonal, or littoral water. In Japan, however, extensive
terrain was almost continuously under sea water from the Silurian to the Tertiary
or later.
Paleogeographic changes: Of course, palcogeographic changes of land
and water were not the same in Korea and Japan. For instance, the Upper Pa-
leozoic sediments of the Kitakami mountainland in northern Japan are inter-
rupted by four or more stratigraphic hiatuses, while in Korea, the Upper Pa-
leozoic Heian? system shows only one doubtful hiatus for the Uralian interval.
The Tertiary formations of Japan have such variable rock facies and are so diverse-
ly divided by frequent unconformities that it seems a difficult and laborious task
for geologists to work out stratigraphic relations within a single basin or among
beds in different basins. Other instances of paleogeographic diversity may be
suggested by the Mesozoic stratigraphy in Japan. In general, diversity and frequ-
ency of paleogeographic changes in Korea were minor but the changes them-
selves seem to have occurred in far more extensive areal units than in Japan.
1) Among the Cenozoic lavas in Korea, which have generally been called basalt, there are some
which are two-pyroxene andesite. Except for these, andesite is found mainly in association with
the Tertiary beds in the Yonil district of North Kyongsang-do. In Korea, andesitic rocks are
widely distributed in the terrain of the Cretaceous Shiragi series.
2) Formation names in Korea were often originally formed by Japanese readings of Korean
geographic names and have been widely introduced in Japan and abroad by these names;
examples are (Korean reading is in parentheses):
Shogen (Sangwon) system; Chasen (Choson) system; Heian (P’ydngan) system; Daidd (Tae-
dong) series; Shiragi (Silla) series; Bukkokuji (Pulguksa) group; Taih6 (Tacbo) disturbance;
Shérin (Songnim) disturbance; Ennichi (Yonil) group; Meisen (My6ngch’dn) group; etc.

I have used the Japanese readings throughout this paper.
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Crustal movement: In Korea, Jurassic strata or, strictly speaking, strata
of the Middle Jurassic or older were strongly folded and thrusted and, due to re-
peated thrusts, often exhibit “schuppen” structures. Younger strata, however, are
more or less tilted with angles of less than 30° or are nearly horizontal, although
these are frequently disrupted by faults, dominantly normal, and exhibit insignifi-
cant folding.?

We may conclude from these facts that Korea was under compressive stress until
the middle Mesozoic, but subsequently changed into an area in which the land
was faulted and tilted, block by block, and had also some subordinate folding of
strata. The present geomorphologic features of Korea are considered to have
originated largely in these block movements.

The crustal movements thus suggested by studies of Korcan geology may be
classified as follows:

1. Orogenic movements of the early Mesozoic (post-Heian and pre-Daido),
namely the Shorin disturbance as defined by T. Kopayvasur (1930). The move-
ment may be comparable in time to the Akiyoshi disturbance in Japan and the
Tsingling movement in North China, which has been interpreted as a prolongation
of the worldwide Helcynian movement.

2. Orogenic movements of the late Jurassic period (post-Daidé and pre-Rakutd),
namely, the Taihd disturbance as defined by E. Konno (1928). The disturbance
can be correlated to that of the Oga phase of the Sakawa orogenic cycle in Japan,
and may represent an earlier phase of the East Asiatic Yenshanian movement in
Korea.

3. Two phases of inland ( ?) basin subsidence in which Flysch-type sediments of
the Rakutd and Shiragi series were deposited, accompanied by a widespread effu-
sion of intermediate or basic lavas in the Shiragian phase. Both may also repre-
sent phases of the Yenshanian movement.

4. Block movements closely related to the large-scale intrusion and extrusion of
acidic rocks of the Bukkokuji group. Subsidence of the Tsushima basin, in which
thick sediments of the Taishii group were deposited, is an event which may be
included in the same phase as the block movements. The movement may be inter-
preted as a prolongation of the Yenshanian movement of China, and is roughly
comparable in age to the North American Laramide Revolution (TaTEtwa, 1934).

5. Block movements of the middle Tertiary, the essential portion of which
probably began in the Oligocene and lasted to the pre-Ennichi stage of the Mio-
cene. The movement resulted in local extrusions of basaltic and other lavas, faulting
dominantly in the Sinian direction (approximately NE-sw) and a conspicuous
warping of the Miocene terrain in the Kilchu-Myongch’on district, North
Hamgyong-do.

3) In an exceptional case, later Mesozoic overthrusting was indicated by old massifs thrust at
a low angle over the later Mesozoic Shiragi series in the northern part of North Kyongsang-do,
and some faults in the Sinian direction (NE-sw) in South Korea are observed to have moved in
the reverse direction,
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The movement may be a prolongation of the Nanling movement of China
which is considered to be a part of the Himalayan movement. In Korea, however,
it seems to be more closely related in genesis to the Oyashima movement, in which
strong pressure toward the Pacific Ocean up-folded the Japanese archipelago.

Of these, the former two are separated by an intervening phase of inland basin
subsidence in which terrestrial sediments of the lower Jurassic Daido series were
deposited. The sediments are more than 2,600 m thick in South Ch’tingch’6ng-do,
South Korea.

The fourth series of movements was followed by stages of epeirogenic movements
and widespread peneplanation. Remnants of the erosion are observable in limited
patterns on the Kaema plateau and on the tops of some high mountains. It may be
correlated with the Peitai stage of peneplanation in North China.

Phases 2, 3, and 4 are undoubtedly closely related in time and may represent as
a whole the Yenshanian movement in Korea and its prolongation. The Yenshanian
movement in Korea thus defined is correlated in time with the Sakawa orogenic
cycle in Japan described by T. KoBavasur (1941). Summarizing what has been
emphasized concerning the crustal movements of Korea, the present writer has
drawn up the following table:

1. Shérin disturbance
2. Taiho disturbance, preceded by a phase of inland
basin subsidence
3. (a) Rakuto phase
(b) Shiragi phase Yenshanian and
its prolongation
4. Bukkokuji disturbance, followed by a stage of wide-
spread peneplanation, t.e. the Peitai stage. The dis-
turbance may be roughly correlated in time with
the North American Laramide Revolution.
. Nanling movement, a part of the Himalayan

(Oyashima) movement.

Crustal movements are also thought to have occurred in the Pre-Cambrian. The
entire situation and characteristics of these movements, however, remain obscure.

A noteworthy phenomenon is that the bedding planes of strata dating from the
Lower Cambrian to the Triassic in Korea are found parallel to each other, al-
though they are interrupted by one or two stratigraphic intervals. Moreover, as
far as I know, the Lower Cambrian beds lie disconformably against the Late-
Proterozoic Sinian system which, in turn, undoubtedly rests disconformably upon
the complex of crystalline schists in the terrain between Sunch’6n and Sukch’on
and in the castern part of Songch’on-gun, South Pyongan-do. The facts suggest
that no conspicuous orogenic movements occurred in Korea from the Late Pro-
terozoic until sometime in the Triassic, and in South P’yéngan-do the quiescent
age goes back still farther.

Volcanic activity and earthquakes: In historical times, volcanic activ-

o



SYNOPSIS OF THE GEOLOGICAL SYSTEMS OF KOREA I

ity was insignificant in Korea. There are only two sets of legends which convinc-
ingly indicate volcanic activity. According to one set of legends, the dormant
volcano Halla-san (1,950 m) on Quelpart Island became active and exploded
in 1002 and 1007 A.p.

Other, less convincing legends suggest volcanic activity at Mt. Packtu (2,744 m)
in 1597 and 1702 A.p. Data for 1702 indicates that the mountain did explode, re-
sulting in the deposition of whitish volcanic ash.

Korea has no active volcanoes at present, and this, together with the low frequen-
cy of earthquakes, signifies the dissimilarity of Korecan and Japanese geology.

Korean records show that earthquakes have occurred on 1,661 days of the
2,000 years since the era of the Three Dynasties; of these, approximately forty
earthquakes were more or less violent and resulted in the destruction of some
buildings or injury of people (Waba, 1912).

The actual number of carthquakes in Korea may be larger than the above figure,
for it is not improbable that two or more carthquakes occurred on the same day,
records of earthquakes may have been lost, and all earthquakes were not necessarily
recorded. Nevertheless, it is certain that the frequency of earthquakes in Korea is
far less than in Japan. In fact, I expericnced only one earthquake in Korea dur-
ing my twenty-eight years there, which I experienced at Changgi, Yongil-gun, on
the castern coast of North Kyongsang-do.

Mineral resources: Korea’s mineral resources differ from those of Japan.
She lacks, first of all, oil fields and sulphur deposits; and she is comparatively rich
in anthracite but poor in brown coal. The country is extremely poor in resources
of tin, manganese, antimony and mercury.

Korea is rich, however, in tungsten, gold, magnesite, apatite, graphite, mica,
barite, fluorite, alunite, talc, cyanite (together with sillimanite and andalusite), and
rare-element minerals (monazite, zircon, allanite, beryl, various lithium minerals).
Especially noteworthy are the rich deposits of magnesite and tungsten ; numerous
deposits of crystalline and earthy graphite, of which total annual production has
often been the highest in the world ; and extensive placers of heavy minerals which
rare generally rich in monazite and zircon in close association with fergusonite,
samarskite, columbite, gold, etc. There seems to be no great difference between
Korea and Japan in ore reserves of the other important minerals.

Finally, it must be noticed that most of the important mineral deposits in Korca
arc believed to have originated in the later Mesozoic, namely the period of acidic
rocks of the Bukkokuji group or earlier. In this regard, Korea seems similar to
Manchuria and other East Asiatic continental areas, but different from the Japa-
nese archipelago and the Philippine Islands, where minerals of Cenozoic origin are
dominant,
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Comparison with South Manchuria and North China, with
Special Reference to Pre-Cambrian Stratigraphy in Korea

Geological maps of East Asia illustrate the striking differences in Korean and
Japanese geology, as stated above, and the many similarities between Korea and
South Manchuria or North China. Such a distinct contrast, revealed in the geology
on both sides of the Tsushima Strait, seems to be due largely to the unique situa-
tion of Japan on the periphery, and consequently the unstable portion, of the
Asiatic continent, while Korea and its adjoining lands, including South Manchuria
and North China, are more or less away from the peripheral zone of the continent.

The most obvious similarities are shown by the five major units of the strati-
graphic columns common to these continental areas, i.e. the thick sediments of the
Upper and Lower Paleozoic and the Upper and Lower Proterozoic, of which the
Upper Proterozoic is separated into two parts by a clino-unconformity. The sedi-
ments of these major units in Korea are so similar in rock sequence, lithological
nature, and fossils to corresponding sections in South Manchuria or North China
that they may be interpreted as portions of a common and widespread sedimenta-
tion which successively prevailed over these areas.

Geologists have proposed diverse terms, however, for these stratigraphic units,
and such a diversity of terminology has seemed unavoidable because of inconclu-
sive field observations.

For uniformity of terminology, the writer has selected tentatively terms from
those already proposed for the above five stratigraphic units, as follows:

Heian system (Middle Carboniferous—Triassic)

Chosen system (Lower Cambrian— Middle Ordovician)

Sinian system (Upper Proterozoic) | Shogen system or Sinian system
Huto system (Upper Proterozoic) in a wide sense

Wautai system (Lower Proterozoic)

Of these, the term Heian was proposed by R. Kopaira (1924) and Chésen by
K. Inout (1907); both are well known among Japanese geologists who are inter-
ested in the Paleozoic stratigraphy of East Asia. The Sinian is here taken in a
strict sense and applied to the Kuken series of the Shogen system; the Huto (B.
WiLLis and E. BLaAckweLDER, 1907) for the Shidogt and Chokken serics of the
Shogen system; and the Wutai, an old term proposed by F. von RicHTHOFEN
(1882), for all metamorphosed sedimentaries represented by the Matenrei system
in the northeastern part of North Korea, the Yokusen system diagonally travers-
ing South Korea, and the Josuiyd series scattered in the western part of N.
P’yongan-do.

The Rensen system, a term proposed by S. Kawasaki? for the oldest complex of

9 The term was probably first used in the explanatory text for the geological map of Korea
shown at the memorial exhibition of the fifth anniversary of the new administration of the Govern-
ment-general of Chdsen (in Seoul ) in 1914,
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crystalline schists in Korea, is being tentatively retained. S. Nakamura and S.
Matsustita (1940) proposed another term, the Keirin system, for the Korean
complex which includes all pre-Shogen metamophosed sedimentaries, and de-
termined its age as Archean. Aside from the chronological interpretation put forth
by the two authors, the term may be conveniently used for any complex of meta-
morphosed sedimentaries in Korea which cannot be differentiated into Upper
and Lower Proterozoic and the Rensen system.

According to some authors, the Shogen system is divided by a stratigraphic
hiatus in its upper portion. If the hiatus is as great as S. MAaTsusHITA (1947) insists,
the system should be divided into two parts as he has already done. MATsUsHITA
proposed that the Sinian in a strict sense be used for the upper part and that the
old term, Huto, proposed by B. WirLis and E. BLACKWELDER in 1907, be used
for the lower part.

One of the striking phenomena of East Asian stratigraphy is the fact that Middle
Carboniferous sediments rest disconformably upon Middle Ordovician limestone
throughout the area. In Korea, however, the existence of Silurian terrain has been
suggested since 1934, when S. Sumvizu, K. Ozaxkr and T. Osata (1934) reported
the unexpected discovery of fossils from limestone pebbles of the basal conglom-
erate of the Lower Jurassic Daidd series near Kyomip’o, Hwanghae-do.” From
these fossils, the authors have identified eighteen coralline species and four species
of cephalopods, and contend that the fauna suggest the Silurian period.

A paper by T. Yamacucnr (1951) reports the discovery of doubtful fossils from
a thin bed of arenaceous slate and limestone in Kiimch’én-gun, Hwanghae-do.
According to him, the collection contains a form comparable to Monograptus
priodon BRONN. and some forms which can be assigned to a certain species of Gypri-
dea, and the meager collection as a whole suggests the Silurian. The fossil-bearing
bed is intercalated in a thick series consisting largely of phyllites with or without
pebbles, ottrelite-bearing clay slate, quartzite and limestone. Except for the fossils
discovered by YamacucHi, there has been no age measurement available for the
thick series, although it was formerly assigned to the Kyfizan formation of the
Heian system because of its inferior anthracite seams (GEOLOGICAL SURVEY OF
Cuosen, 1928), and later to an upper part of the Shogen system because of its
lithological and stratigraphical resemblances to the latter (S. MaTsushiTa, 1941).
According to Yamacucur therefore, the Kyfizan formation or a part of it is prob-
ably Silurian and the upper portion of the Rensen system, discussed by S. Kawa-
sak1 (1916), is younger, for that segment of the Rensen system rests, showing no
evidence of tectonic contact, upon the fossil bearing bed of the Kyiizan formation.

Taking all these matters into consideration, geologists must revise the stratigra-

) The authors had considered the conglomerate with the fossiliferous limestone pebbles as
Silurian sediments, but, soon after the publication of their paper, T. KoBavasmi visited the locality
and affirmed the younger age of the conglomerate. (KoBavasHr, T., Is the limestone conglomerate
at Kyomip’o Gotlandian sediments?: jJour. Geol. Soc. Japan, v. 47, p. 362.)
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phic interpretations already reported concerning the Sinian and the Rensen sys-
tems in the area around Kiimch’6n-gun. Limited by the present state of knowledge,
however, the writer hesitates to follow YAMAGUcCHI in considering the entire Kyii-
zan formation Silurian, although he cannot necessarily deny the probability of
Silurian terrain in Kiimch’6n-gun.® As for Yamacuchr’s chronological conclusions
on the Rensen system, which consists essentially of highly metamorphosed crystal-
line schists intricately injected by grey granite-gneiss, the present writer adheres to
a quite different view.

Another question for future study concerns the existence of Devonian sediments in
Korea, which was suggested by a few forms of corraline fossils reported by H. YABE
and T. Sucryama (1939) from Ch’6ns6ng-ni, Sunch’6n-gun, South P’yéngan-do,
where both the Heian and the Chésen systems are exposed side by side but sep-
arated by a narrow area with no outcrops of bedrock. The fossils were reported to
have come from a limestone block on the ground. In this case also, the limestone
strata from which the fossils were derived have not been disclosed.

In South Manchuria a bed of limestone conglomerate over 10 m thick has been
found between Middle Ordovician limestone and the Middle Carboniferous Penshi
series in disconformity to both series (Nopa, 1952). In Shantung province, North
China, a similar bed disconformably rests on the Middle Ordovician Chenan
limestone (Noba, 1952). No fossils have been discovered as yet, however, from
these beds.

As to the stratigraphic correlation of the Korean Pre-Cambrian beds with those
in South Manchuria, differing views have been published and many questions
remain as yet unsolved. However, it seems reasonable to correlate three sub-divi-
sions of the Korean Sinian system, z.e. the Kuken, the Shidégu and the Chokken,

%) The fossil bed in question is found in a broad shear zone trending from east to west. In the
Chongok district in the southern part of Yénch’dn-gun, a little to the south of the shear zone, there
is Lower Jurassic shale with plant fossils, together with conglomerate. According to my observa-
tions, the Jurassic beds are intercalated as more or less narrow bands in the complex of mica-
schists which belong to the Upper Rensen system described by S. Kawasaxkr. The Jurassic beds are
generally sheared and often phyllitic, the plane of foliation being parallel to the general trend of
the Jurassic bands and to the foliation of the mica-schists. Tectonic contact between the Jurassic
bands and the mica-schists is often verified, but the exact position of the contact is often obscure
because of the complicated phyllitic structure of both the Jurassic bands and the mica-schists.

That the mica-schists are quite different in age from the Jurassic beds was suggested to me at
Munsan, about 25 km sw of the Chongok district. At Munsan, there are similar Jurassic beds
containing plant fossils with a marked basal conglomerate, and the beds rest with profound clino-
unconformity upon a complex of mica-schists apparently similar to those in the Chongok district.
Is there no room for doubt about the occurrence of the fossil bed reported by Yamacuchr?

Another point which needs attention is that there is no possibility of assigning the Rensen system
to an age younger than the fossil bed reported by YamacucHi or the Kytizan formation intercalat-
ing the fossil bed. The major portion of the Rensen system is intimately intruded by the gray
granite-gneiss, and gneisses quite similar to it are discordantly covered by the Lower Paleozoic
Chésen system or the Upper Proterozoic Shogen system, in various places of Korea. YamacucHr,
however, did not state in his paper that the gray granite-gneiss or the portions of the Rensen system
invaded by gneisses are younger than the fossil bed.
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with the Nanshan, the Kuantung and the Tahoshangshan of the corresponding
South Manchurian section.

The Matenreisystem, a representative complex of the Korean Wutai system, may
safely be correlated with the Liaoho system of South Manchuria and the Wutai sys-
tem of North China, and its three sub-divisions, the upper, the middle and the
lower, investigated by Y. Kinosakr (1932, 1938) with the Kaiping, the Tashih-
chiao and the Hsiangshuitzu series of the Liaoho system in South Manchuria.

The South Manchurian Hsiho series has been correlated with the Tahoshang-
shan by S. MaTsusurra (1952) and R. Sarro (1952). There are, however, some
doubts about the stratigraphic interpretation of the Hsiho on the opposite side of
Chasong district in Korea beyond the upper reaches of the Yalu River; in the adja-
cent Kanggye and Huch’ang districts, the Chdsen system, with fossils, rests directly
upon the erosion surface of granite-gneiss and crystalline schists without any inter-
vening Sinian sediments. Similar beds in the Chasong district, which are no doubt
a continuation of the so-called Hsiho series on the opposite side of the Yalu River,
have been compared with the Chdsen system by K. Nakamura (1942) and
T. KoBavasni (1952). It seems more probable that the series under consideration
in these districts correspond either to the Chdsen system, as NAkAMURA and
KoBAyasHI insist, or to a part of the Wutai system which was not intensely
metamorphosed, as in the case of the Josuiyd series of the Korean Wutai system
along the lower reaches of the Yalu River.

Pre-Cambrian Granites in Korea

There are more difficult and important problems in the chronological interpre-
tation of Pre-Cambrian granites in Korea.

S. NakaMurA proposed the term “Kokulian granite” for Korean pre-Sinian
granites except the Seikoshin gneiss in Hamhtlng district, South Hamgyo6ng-do,
which is clearly later than the Kokulian in origin. The granite has gray to dark
gray feldspars with large crystals of grayish microcline sporadically scattered in
the rock and often has garnet, cordierite, graphite or tourmaline as important
accessories; its quartz is commonly gray, sometimes rose and occasionally tinged
with violet. The rock generally contains many accidental xenoliths, mostly of
sedimentary origin, and exhibits a more or less distinct banded flow structure.

Such granites are discordantly covered by Lower Cambrian beds of the Chosen
system in various places in Korea and have been well known among Korean
geologists under the name of “gray granite-gneiss,” the typical granite being the
Kankd gneiss which the writer (1926) discovered in the Hamhting district, South
Hamgyong-do.

The Kokulian granite has been often correlated with the Kungchangling gra-
nite of South Manchuria or the Taishan granite of North China. But it is highly
probable that granites quite different in age have been imprudently grouped to-
gether under the term Kokulian granite. The author is of the opinion that the granite
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should be classified into at least two large groups: the younger (Proterozoic) in-
truded into the Wutai and the Rensen systems but the older (Archean?) intruded
into only the Rensen system and may be discordantly covered by the Wutai, al-
though the chronological as well as stratigraphical relationship between these two
groups has not actually been verified.

Other Pre-Cambrian granites in Korea which may belong to the younger group
are the tourmaline granite and the schistose granite of P’ungsan-gun, South Ha-
mgyongdo described by Y. Kinosakr (1938) and the red granite described by S.
Kawasaxkr (1916); the latter includes Koho granite, Ryliyori granite and Meisen
schistose granite, all discussed by Y. KiNvosakr (1932), together with the schistose
granite of the Ch’ilbo-san district reported by the author (1925). All of these ex-
amples were found within or adjacent to the extensive terrain of the Matenrei
system, and in places piercing the latter or enclosing xenoliths of crystalline schists
which are more or less lithologically similar to the Matenrei system.

Of the granites enumerated above, some types described by Y. KiNosaki do not
differ essentially from the Kankd gneiss of Hamhiing district, while the others differ
by having reddish instead of gray to dark gray feldspars.

Classified with those granites is the Ritsura granite described by S. MaTsusHITA
(1943) in the central part of Hwanghae-do, which is covered unconformably by
the Shogen system.

Examples of the older group of granites are found intricately intruding into the
Rensen system. In my study, however, the granite presumably of the older group
could not be distinguished in lithological character from the gray granite-gneiss of
the younger group. The areal distribution of the older granites, therefore, has re-
mained quite uncertain.

One more example that suggests Pre-Cambrian igneous activity in Korea is the
nepheline syenite of P’yonggang district in the northern part of Kangwon-do.

The extensive terrain extending from Kiumch’on district of Hwanghae-do
easterly to Kimhwa district, Kangwon-do, throughout P’yonggang district, is
occupied largely by thick beds of mica-schists, phyllite, limestone and dolomite,
with intercalating manganese beds. These beds lack fossils but probably belong to
the Shogen system as previously designated by S. Nakamura. The strata are un-
doubtedly intruded by masses and dikes of nepheline syenite with more or less
distinct gneissic structure. The Pre-Cambrian origin of the syenite may be sug-
gested by the fact that no examples with the gneissic structure seen in the nepheline
syenite are known among the rocks intruding the Paleozoic or later strata in Korea.
In short, if the thick beds truly belong to the Shogen, as is highly probable, the
writer does not hesitate to designate the age of the nepheline syenite as Pre-
Cambrian. However, so far as the stratigraphic hiatus in the upper part of Shogen
system is taken into consideration, the age of the syenite may not be settled, because
the relation between the syenite and the upper part of Shogen system has not been
clarified. In this paper I have tentatively considered the syenite to be of an age
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corresponding to the interval in the upper part of the Shogen system, viz., be-
tween the Kuken and Shidogu series.

In gneissic structure, the syenite is comparable to the Seikoshin gneiss which is
clearly younger than the gray granite-gneiss (Kanko gneiss) in the Hamhung dis-
trict.

Pre-Cambrian granites are known as Kungchangling and Tuimenshan granites
in South Manchuria, and Taoke and Taishan granites in North China. At present
there seems to be no doubt that the Kungchangling and Taoke granites originated
later than the Tuimenshan and Taishan granites.

Kungchangling granite has been corrclated with the Taishan granite by S.
MartsusHrTa (1952). R. Sarro (1952), however, classified the former into a young-
er, Hsienglushan granite and an older, Hsiaolikou granite and correlated them
with the Taoke and Taishan granites of North China.

Provisional conclusions about the chronological interpretation of granites in
Korea, South Manchuria and North China are shown in the following table.

Sinian system in a narrow sense

9
S (Kuken series of the Shogen system in Korea)
3 . — e ,, . - =
8 Nepheline syenite and Seikoshin gneiss of Korea;
;l-j Kungchangling granite in part, namely Hsienglushan granite
= of South Manchuria; Taoke granite of North China
2 | -
& | Huto system
= Shidégu and Chokken series of the Shogen system in Korea
g
& Kokuhan gramte in part (Kanko gneiss), Red gramte and thsura gramte
5 'é of Korea; Kungchangling granite in part, namely Hsiaolikou
e ranite of South Manchuria; Taishan granite of North China
K
- E Wautai system
‘ (Crystalline schists series of the Matenrel the Yokusen and the Josulyo in Korea)
g Kokulian granite in part of Korea ‘Tuimenshan granite of
- South Manchurla, oldest gnelssose rocks of North Chma
o S s —
E Rensen system
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Geology of South Korea

with Special Reference to
the Limestone Plateau of Kangweondo

Teiichi KoBAYAsHI

Introductory Note

South Korea has an intimate tectonic relationship with North Korea, South
Manchuria, and North China, all of which belonged to Hwangho province in the
Palacozoic era. It is recognized, however, that the faunal aspect of South Korea is
intermediate between those of the Hwangho Basin as well as the Yangtze Basin
covering Central and South China. The Okch’eon geosyncline which occupied the
northeastern part of the Yangtze basin crosses South Korea diagonally. The
Yeongnam land on its southeast side extended into Fukien, and the Kyeonggi land
on the other side into Shantung. Along the south side of this land the Okch’eon sea
was sometimes confluent with that of the Hwangho Basin. Therefore, the strati-
graphy of South Korea is of more than local value. In fact a key to the Ozarkian
problem was found in South Korea because in the Ordovician period the Hwangho
Basin formed a large zoopalaeogeographic province with North America and the
Arctic region whereas the Yangtze Basin was united with Europe and Australia.

Tsushima Strait, separating the peninsula from the Japanese islands, lies on the
tectonic boundary between the continent and the islands. In the Cretaceous period
there was the Tsushima basin around the strait, and the Kyeongsang group depos-
ited there is a link in geology between Japan and Korea. The Cretaceous and later
formations are, however, blankets on the fundamental frame of the geological
architecture which was instituted by the older Mesozoic Songnim and the younger
Mesozoic Taebo disturbance. This framework was precisely analyzed in the Kang-
weondo limestone plateau which occupied the northeastern part of the Okch’eon
zone. There is a remarkable imbrication which is in some ways similar to the struc-
ture of the Scottish highlands and the Appalachian mountains, but the Okch’eon
imbrication has its own characteristics. The eastern part of the plateau is essentially
different from the western part, because the former belongs to the Yeongnam
massif.

The igneous activity accompanied by the Taebo disturbance, especially the
batholithic invasion of the Chugoku granite, extensively consolidated Eastern

25



26 KOREA

Asia. Subsequently its fragmentation took place, one product being the Korean
Peninsula. As shown by its backbone range close to the Japan Sea, the peninsular
outline was introduced by faulting and asymmetrical upwarping. The fault mesh
in the former stage of fragmentation was analyzed in great detail in the eastern
platecau. The backbone range was previously thought to have been introduced by
faulting, but later investigation has shown that the present topography depends
chiefly upon the geanticlinal upheaval after the faulting. The faulted blocks are
beheaded by the high peneplane which was named Roppyakusan or Yukpaeksan
after its clear-cut remnant on Mt. Yukpaek in the eastern plateau. The two cycle
mountains of Korea are typically shown in cross section through the plateau
whence the high and low planes have been traced into Manchuria and Japan by
later researchers. As seen in the topographic map the Korean peninsula together
with the Ryukyu Islands forms the periphery of the East China Sea. The tectonic
elements of this arc are aligned en échelon. In Kyushu the arc joins with the arc of
Japan in the shape of a T.

Thus South Korea, and the limestone plateau of Kangweondo in particular,
provides one of the crucial points in the geologic history of East Asia. The more
important subjects to be dealt with in the plateau are as follows:

1. the development from the Okch’eon geosyncline to the orogenic zone;

2. the fragmentation of the Yeongnam massif into blocks;

3. another fragmentation along the Korean arc subsequent to the late
Mesozoic granitization.

4. the topographic development of the two cycle mountains.

Special attention is paid to (1) the growth of embryonic folding, (2) differential
deformation with regard to the competency of formations in the Okch’eon zone and
(3) the remarkable Schuppenstrukturen at the two southern corners of the Chung-
bongsan block in the eastern plateau. In addition there are several topics of special
interest. In regard to tectonic considerations it is especially noteworthy that (1) the
limestone plateau covers the geosyncline and a part of the Yeongnam massif and
(2) the Cambro-Ordovician Korean group and the P’yeongan group, from Mos-
covian to Lower Triassic, are separated by parallel unconformity where the former
consists largely of limestone whereas the latter is mostly terrigenous. Hence
the two are quite different in plasticity. The Triassic embryonic folding brought
forth Bangsong lake in the Okch’eon zone. The Bangsong series is a lacustrine
sediment and the variation of its basal conglomerate enables one to explore the
palaeogeography in great detail through lattice analysis. Mt. Taepack is one of the
highest summits in the backbone range. The standard sequences of the Korean and
P’yeongan groups were established in its vicinity., While the facies and thickness
change greatly towards the west in the geosynclinal zone, the change is slight to-
ward the cast. Accordingly, these sequences make it easy to decipher the faulted
mosaic along the coast of the Japan Sea. The high Yukpaeksan plane cuts this
mosaic. The marginal peneplanes, broad in the west but very narrow in the east,
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reveal a strong contrast. They are the two principal topographic factors controlling
the life and culture of this nation.

The principal aim of this paper is to describe the geology of South Korea with
special reference to the Kangweondo limestone plateau and to discuss the history of
its tectonic development. I began this study in 1926 and made studies on the strati-
graphy of the Korean group, the palacontology of the Ordovician nautiloids, and
the gecomorphology of Korea until 1931, when I went abroad.

After my return home in 1934 I busied myself in the tectonic research of West
Japan, but in 1938 began to resume my investigations on the continent. I made
surveys of the plateau with Messers. Ichiro Yosnimura (1938), Yoshiyuki Iwava
(1939-40), Kiyohiko Aoti and Tsuneo Hukasawa (1940), Sadataka Hisakosur
(1941) and Kunio KoBayasui, Taro Yosuikawa and Hisashi Yosuipa (1942). The
results of indoor and field work were reported by each participant and I myself
compiled them in my progess report.

In 1950 the Committee for the Compilation of Geology and Mineral Resources
of the Far East was established within the Geographic Society of Tokyo. One of the
articles which I presented to the committee was Geolog y of the Kangweondo Limestone
Plateau and its Relation to the Geology of the Neighbouring Areas which was printed in
1952. Geology of South Korea in which this article constitutes the second chapter was
published in 1953 in the faculty journal of the University of Tokyo as Part IV of the
Cambro-Ordovician Formations and Faunas of South Chosen.* It has been
revised for inclusion in this volume.

Here I wish to record my most cordial thanks to all of the persons and scientific
organizations in Japan and foreign countries for giving me facilities and assistance
during these forty years, without which this study could not have been accom-
plished.

Note: Stratigraphic Terms are written according to the old romanization in text-
figures 8, 9, 11 and 18 and geological maps I and II, but according to the new
romanization in the other illustrations, tables and text.

Old romanization New romanization
Bansho series Bansong series

Beiho slate Myobong slate
Bukkokuji igenous rocks Pulgoksa igneous rocks
Bunkoku beds Mungog beds
Chikunsan shale Chikunsan shale
Chosen group Jeseon or Korean group
Daido series Daedong series

Doten quartzite Dongjeom quartzite
Eiko beds Yeongheung beds
Gakoku beds Wagok beds
Girinkitsu beds Euirimgil beds
Greenstone series Nogam series

Heian system Pyeongan system

Jido series Sadong series
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Kasetsu group Hwajeol group
Kobosan series Gobangsan series
Koten series Hongjeom series
Kyeongsang group Gyeongsang group
Makkol limestone Makkol or Maggol limestone
Masari beds Machari beds
Naktong series Naktong series
Samposan beds Sambangsan beds
Seison shale Sesong shale
Seizen limestone Jeongseon limestone
Shiragi series Silla series
Shiun beds Chaun beds
Shobo schist Songbong schist
Sohsan quartzite Jangsan quartzite
Taiki limestone Daegi limestone
Tomkol shale Dumugol shale
Tonden slate Tunjeon slate
Tsuibon limestone Tuwibong limestone

I

A GeorocicAL SKETCH OF KOREA AND ENVIRONS

1. Research in the geology of Korea

Not only Korea but Eastern Asia as a whole may be said to be a new world
geologically. It can boast of no long history of research in modern geology as can
Europe, where studies have been going on since the Renaissance. The first scientific
observation of Korea was made by O. C. GorrscHE when he made an eight-month
journey there in 1884. Among the Japanese, N. KANEDA was the first to study
Korea’s geology (1891). Korto’s Orographic sketch (1904) and Journey through Korea
(1909-10),YaBE’s descriptions of the Mesozoic Naktong flora (1905), fusulinids (1906),
and Gigantopteris (1908), and K. INouvE and his associates’ Geology and mineral re-
sources of Korea (1907) were published with a geological map of Korea in the
following years.

After the annexation of Korea by Japan in 1910 Kawasakr, NAKAMURA, and
Tamura carried out surveys of mineral resources throughout Korea. Then came
studies on graphite and other minerals by FukucHi, on the coal-field by Toku-
NAGA, on the Permian coal-measures by YABE and others. Geological surveys of
the area were established in 1918 as part of the activities of the Government of
Chosen, which published eighteen geological atlases of Korea (by 1937, scale
1/50,000) as well as many other publications. The coal-fields were surveyed by the
staff of the Fuel Investigation Office and reports published after 1922. Geology and
maneral resources of Chosen was compiled by Kawasaxkrin 1926 and a general geologi-
cal map of Korea (scale 1/1,000,000) published by the survey in 1928. Beside these
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there were many research reports chiefly by specialists from the universities includ-
ing Koxno’s and Nakamura and his students’ Geology of the P’yeongyang coal-
field, MaTtsusHiTA’s Pre-Cambrian Sangweon system, Kosavasur's Cambro-
Ordovician Korean (Chosen) system, KoBayasur and his students’ Geology of
Kangweondo limestone plateau and so forth. Kopayasni summarized the tectonic
development in his A sketch of Korean geology (1933). Many results of investigations
of geology and mineral resources by 1945 were compiled in Geology and Mineral
Resources of the Far East (in Japanese), Volume One, Korea, some articles of which
are translated into English and contained in the present volume. For detailed ac-
counts of the history of the research the reader is referred to TATEIWA’s History
of Geologic Research in Korea in the aforementioned Japanese edition.

2. Outline of geomorphology of Korea and environs

Korea is a peninsula of the Asiatic continent, with an area of 220,379 square
kilometers, 7.e. a little smaller than the main island of Japan. Korto (1904)
divided Korea into three parts: the Gaima (or Kaema) Plateau to the north of the
line drawn between the east and west Korean bays, the Hanland to the south of the
Weonsan—Seoul rift valley and Palaco-Korea between them. The backbone
range is close to the Sea of Japan. The Tsushima Strait separates the peninsula
from Japan’s Kyushu and Chugoku regions. The boundary between China and
Korea is demarcated by the course of the Yalu River and the Touman River with
Mt. Paektu between them. There is, however, no distinct difference in orography
between its two sides.

The mountainous land in North Korea and East Manchuria is detached from
the Sikhota Alin Range by the narrow lowland of Lake Khanka. It is separated
from the north Manchurian highland by the Sungari River. Its western side is
sharply defined by the Liao tectonic line. Farther beyond lies the central Manchu-
rian basin.

The ENE trend called Sinische Richtung by RicHTHOFEN (1881) controls the orog-
raphy and hydrography of this mountainous land. The southern scarp of the
Kaema plateau, the southern coasts of Shantung and Korea, and the northwestern
* coasts of Kyushu and Chugoku have a similar trend. In Central and South Korea,
however, the Nnw trend called Korean direction by Koto is distinct as indicated by
the coast line of the Japan sea and the Taepaiksan range along the coast. From
Taepaiksan, however, the Sopaiksan range runs across South Korea diagonally.
Because a NE trend is prevalent in South China, the term Sinian direction was given
by PumpeLLy (1886) and adopted by Koto in his Korean orography. The Ch’ary-
eong range and Yeongsangang River are on this trend. The NNE trend is also im-
portant as indicated by the rift valley between Weonsan and Seoul, the Masigyeong
range and the Kongju range on its two sides, and by the Kilchu-Myeongch’eon
graben.

These are all very important trends controlling the land relief and river system.
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Some of the reliefs depend on faulting, others on warping or flexure. Their original
forms are, however, generally strongly dissected. Still others may be erosion scarps.
The e-w direction is very important for the geologic structure of North Korea, but
is less significant in topography, although it is still revealed to some extent by
differential erosion. Penirnsular Korea including Palaco-Korea and Hanland is
outlined by the Korean arc on its east side. The volcanic zone comprising Mt.
Paektu and Ulllingdo and Cheju islands describes another arc parallel to but
outside of the preceding.

3. Tectonic lineament of Korea and environs

During and before the Palaeozoic the larger part of Korea was inseparably re-
lated to South Manchuria and North China, but the extreme northeastern area of
Korea is quite different from Korea proper. It may be combined with the Chientao
area of Manchuria to the north and the Suifun area of Ussuri to the east into the
Suifun-Touman area. The Mongolian geosyncline is thought to have been con-
nected there with the Chichibu geosyncline of Japan. Embraced by these geosyn-
clines there was a vast terrain for which I proposed the name Koreo-Chinese Heterogen.

The Pre-Cambrian basement is exposed at some places but none is wide enough
to be called a shield.

Among these massifs there were some geosynclines and basins of different magni-
tudes, the basins belonging possibly to quasikratons. The terrain is not a simple
kraton, geosyncline, or a quasikraton, but a heterogenous aggregate varying in
places in plasticity or rigidity. Hence the name, Chinese Heterogen, previously
suggested (KoBavasHi, 1950).

The Chinese Heterogen can be divided by the Tsinling-Seoul line (KoBayasHI,
1930) into two major provinces, called Hwangho and Yangtze (KoBayasui, 1952).
The Pre-Cambrian history of the Hwangho province best known in the zone
through Wutaishan, and Liao-Kaema land, may be summarized in the following
manner: (1) the Wutai cycle of sedimentation; (2) the Taishan igneous cycle;
(3) the Huto cycle of sedimentation; (4) the Taoke igneous cycle; (5) the Sinian
cycle of sedimentation.

The sedimentary basins in Hwangho Province are collectively called the Hwang-
ho Basin. The Cambro-Ordovician Korean system is in most places underlain by
the Sinian system unconformably and overlain by the P’yeongan system also para-
unconformably. There is, however, a tremendous hiatus between the Korean and
P’yeongan systems, related to the time interval from late Ordovician to early Car-
boniferous.

The Kyeomipo limestone conglomerate near Kyeomipo, south of P’yeongyang,
which was once thought to be a Silurian deposit (SHMizu, Ozakr, and OBATA,
1934), is in fact the basal conglomerate of the older Mesozoic Daedong series and
the Silurian fossils are rémaine in the conglomerate (KoBavashi, 1935). Some
Devonian-type corals were reported at Cheonseongni to the northeast of P’yeong-
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yang (YABE and Sucrvama, 1939), but their stratigraphic position is still obscure.

In Yangtze Province the Pre-Cambrian sequence is not so well known as in
Hwangho Province, but there is a more continuous display of Palaeozoic forma-
tions without such a Middle Palaeozoic break as seen in the Hwangho Basin. Fur-
thermore, the marine facies is predominant until the Triassic, but the sea never
flooded the Hwangho Basin after the early Permian transgression.

In South Korea there are the Korean and P’yeongan systems separated by the
Middle Palaeozoic hiatus as usual in the Hwangho Basin, but the rock facies of the
Korean system and its fauna, especially the Ordovician ones, are more related to
those of the Yangtze Basin than to those of the Hwangho Basin. The marine fauna
in the lower P’yeongan system also appears intermediate between those of the two
basins.

The tectonic lineament of Korea which I proposed in 1933 needs little emenda-
tion, but if its surrounding areas are brought into the picture, some modifications
are advisable. It has been confirmed that the Yeongnam land extends into Fukien
and the Kyeonggi land into castern Shantung (Kosayasui, 1943). The P’yeongbuk
Kaema land is perhaps better combined with South Manchuria, but there were
two zones of depression which wedged themselves into this land from the west. In
the northern, z.e. the Tiehling zone there are the Sinian and Huto systems and in
the southern, ¢.e. the Taitzuho zone there are not only these two but also the
Korean and P’yeongan systems. The Pre-Cambrian Taoke igeneous activity and
related deformation processes were strong in the northern zone, but less so in the
southern zone and almost negligible in the P’yeongnam geosyncline still more to
the south. There the Huto and Sinian systems form the Sangweon system, of a
tremendous thickness attaining 7,000 m or more. The sub-Cambrian discordance is
also weak or indiscernible. Incidentally, more than half of the North Korean
terrain which was referred to the Korean system in the 1928 map is now known to
belong to the Sangweon system. In the Okch’eon geosyncline in South Korea, on
the other hand, the Sangweon system is completely missing and the Korean system
directly rests on the Pre-Cambrian basement.

The Korean system was first divided into the lower or Yangdeok series and the
upper or Great Limestone series. A revised classification exists for each region,
as described in detail in my recent paper (1966). The P’yeongan system used
to be classified in Korea into four series, namely Hongjeom, Sadong, Gobangsan
and Greenstone. In the standard stratigraphic classification in the Hwangho basin,
however, the Sadong series is better split into two parts, because the lower Sadong
is generally marine and the upper Sadong non-marine. Therefore I recommend
the application of the Taiyuan series to the lower Sadong and the Shansi series to
the upper Sadong. The Hongjeom series contains a Moscovian marine fauna. No
Uralian fauna is yet known in the Hwangho basin. Nevertheless the Hongjeom
and Sadong series appear to be continuous at least in the P’yeongnam and
Okch’con geosynclines. The Taiyuan series contains a marine Sakumarian fauna.
Accordingly the Shansi series is Middle Permian, the Gobangsan Upper Permian



GEOLOGY OF SOUTH KOREA

0 S500km
S S S W —)

A Amur River

CP  Central Manchurian plain

EM East Manchurian mountains
FY,_, Fukien-Yeongnam (Reinan) land
GK  Great Khingan range

J Jehol

Ka  Korean arc

Kv  Peri-Korean volcanic chain

LG  Liao-Kaema zone

Lt Liaotung

M Mongolia

a Motoyama metamorphic zone

b Kitakami mountains

c Abukuma mountains

d Itoigawa-Shizuoka tectonic line

I Axial zone of the Akiyoshi
mountains

II Axial zone of the Sakawa
mountains

1 Tiehling zone

2 Shenyang (Fengtien, Mukden) zone

i Taitzuho zone

P’yeongbuk (Heihoku) zone

Fig. 2.

Sh
SJ

North Manchurian plateau
Okch’eon (Yokusen) zone
P’yeongnam (Heinan) zone
Ryukyu arc

Sikhota Alin Range
Shankiangan basin

Sea of Japan

SK1 » Shantung-Kyeonggi (Keiki) massif

l‘S
X

1

t
111

Tsushima basin

Touman Suifung area

Northern boundary of the
Koreo-Chinese Heterogen

Liao tectonic line

Cheju-do (Saishu, Quelpart) volcanic
island

Tsushima Islands

Axial zone of the Oyashima
mountains

Kilchu-Myeongch’eon (Kishu-Meisen)
graben

Ch’ilbosan (Shichihosan) horst
P’yeongweon (Heigen) massif
Weonsan-Seoul (Genzan-Keijo) rift valley

Tectonic Map of Korea and Environs.

33



34

KOREA

and the Greenstone series lower Triassic. A tentative correlation of the P’yeongan
system is shown in Table 1.

Table 1. Tentative Correlation of the Pyeongan System in the Hwangho Basin.

! Hwangho Basin
Age i S . Phase of Disturbance
Korea | S. Manchuria  N. China
| PR—
Ladinic . ‘ Songim (Shorin)
|
o . o |
Anisic Greenstone | 1 _—
Skytic or Nogam  Shichienfeng | o)
- — : ‘ Tate-Suwan
Tatarian | Kobosanor | g, | Shihhotzu
Kazanian Gobangsan !
. i 1 — Usuginu-Tungwu
Kungurian Jido or Liutang | Shansi | ' g
Artinskian | Sadong - ‘ = !—5 5 .
Sakmarian | Huangchi | Taiyuan |5 €| pre-Usuginu-Chaotsuo
- S I- = Sakamoto-Kumming
Uralian . Koten or | (Chaotien)
Moscovian ‘ Hongjeom Penchi Penchi

As mentioned above, the stratigraphic sequence of the Hwangho province before
the Middle Triassic Songim deformation consists of the Wutaian, Hutoan, Sinian,
Korean and P’yeongan systems. In the eastern part of the province the tectonic
elements, positive and negative, were aligned alternately from north to south. They
are classified as follows:

L,

&

d.

Liao-Kaema land in which there was (a) the Tiehling zone of depression in
the north and (c¢) the Taitzuho zone of depression in the south, separated
by (b) the Shenyang zone of elevation. To the south of the Taitzuho
zone there was (d) the P’yeongbuk zone of elevation.

P’yeongnam Geosyncline which extended to the west into the western hills
of Peking through the Liaotung peninsula.

Kyeonggi land extending into eastern Shantung.

Okcl’eon geosyncline which is connected with the central and south Chinese
basins in one way and intermittently with the Shankiangan basin (KoBa-
vasHI, 1941) to the south of the Shantung block.

Yeongnam-Fukien land.

In the Tiehling zone there is no Palacozoic formation and in the Taitzuho zone
there are many stratigraphic breaks and the Greenstone series is almost all missing.
The sequence is most complete in the P’yeongnam geosyncline except the Green-
stone series which is much thicker in the Okch’eon geosyncline where, however,
the Sinian and Hutoan are missing. This geosyncline may have subsided more or
less reciprocally to the upheaval of the Tiehling zone.

The fundamental problem is whether these lands persisted throughout the
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periods or were submerged under water, only the sediments having been eroded
out.

In connection with this problem it should be noted that: (1) in Korea arkose
material of the Sangweon system must have been supplied from land adjacent to
the P’yeongnam geosyncline. There is neither the Korean nor the P’yeongan sys-
tem on the massives in Korea. (2) In Manchuria there is the so-called Yungning
sandstone which, according to Sarro (1938), is composed of deltaic sediments
wedged in the Sinian formation. This delta must have expanded from the western
part of the Liao-P’yeongbuk land. (3) The Okch’eon zone was land in the Sinian
period. (4) There was the elevating Kyeonggi-Shantung axis between the P’yeong-
nam geosyncline and the Shankiangan basin. (5) At Kishan, farther west in Shansi,
the Middle Cambrian formation similar to the Lower Cambrian Manto series in
its lithic aspect lies on a gneiss basement. Therefore the basement must have been
land until the early Cambrian period. (6) The Cryptozoon reef at the base of the
Ordovician formation is extensive in the Taitzuho zone and the northern margin
of the P’yeongnam geosyncline, as seen in the Wuhutsui basin and the Chinchou
district in the Liaotung peninsula and in the Teokch’con district in the northern
part of the P’ycongan-namdo. The intraformational limestone conglomerates are
also commonly seen in these places, but the Cryptozoon reef and the intraformational
conglomerate is seldom seen in the central part of the P’ycongnam geosyncline.
(7) The Cambro-Ordovician faunas in these depressions are similar to one another,
but there are indigenous elements, Coreanoceras in the eastern P’yeongnam geosyn-
cline and Manchuroceras in the Taitzuho depression for instance. The Wanwanian
fauna (Kosavasui, 1933) of the latter depression is quite characteristic. The
Cambro-Ordovician faunal aspect of the Okch’econ geosyncline is quite distinct
from that of the Hwangho basin in many respects. Such an endemism may be due
to isolation by a peninsular projection or intermittent land barrier. (8) In the
P’yeongan system it is sometimes seen that the conglomerate wedges are inserted
near the margin of some coal fields. These facts as a whole suggest that elements
bearing positive and negative tendencies were aligned alternately from north to
south, although it is probable that the positive elements were covered to some ex-
tent by thin blankets of sediments.

4, The Songnim and Taebo disturbances and related granitization

The aforementioned tectonic lineament of the Hwangho province was main-
tained through the Palacozoic, but strongly deformed during the Mesozoic era.
The Mesozoic basins are therefore distributed without any relation to the previous
land masses and zones of depression.

In calling it Yenshan, WonG (1927) paid attention to the late Mesozoic crustal
deformation. The name, Yenshan movement, however, has been used in various ways
since its denomination. In the meantime the Taiho (Taebo) movement was pro-
posed by Konno (1928) for the late Mesozoic disturbance in Korea. Therefore the
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Yenshan might be used as a collective term for the late Mesozoic disturbances in
the Hwangho province or the Chinese Heterogen and the Taebo for the paroxysm
at the Jurasso-Cretaceous transition.

The older Mesozoic disturbance in the province was first proven at Songnimni
near Kyeomipo, south of P’yeongyang, where the older Mesozoic Daedong series
dipping northwest was found to lie on the Ordovician limestone dipping southeast
(KoBavasni, 1930). Because of this clino-unconformity the older Mesozoic dis-
turbance was named “Shorin” (Songnim). Subsequently evidence of this disturb-
ance was scen in the Wafangtien coal field at the neck of the Liaotung penin-
sula and later in the P’yeongyang coal field. The folding and thrusting of the
P’yeongnam geosyncline was first attributed to the Taebo disturbance, but later it
was found that this geosyncline had been deformed primarily by the Songnim
disturbance and that the Taebo deformation was a secondary one in which the
already complicated structure was deformed by interformational sliding, up-thrust-
ing and normal faulting.

Because the Mesozoic strata on the continent must be classified before any
tectonic analysis, I have taken up the study of the non-marine Mesozoic formations
in Eastern Asia and the fossils contained therein, carrying on this project in collab-
oration with Suzuki, TAkAr and several others since 1942. The classification thus
obtained is shown in Table 2.

Table 2. Tentative Classification of Non-Marine Formations in Eastern Asia
and Fossils Contained Therein.

Fauna
Age Formation e g I— Flora
Mollusca Estherites Fish
Sungari | Sungari mitsuishii Sungarichtys
e e i — Gyliak
Cretaceous  Silla
e Kyongsang kyongsangensis Manchurichtys ~——————
Naktong
< - ] Toyora
(Fuhsin) . ] Lycoptera-
Jurassic Jehol Jubol middendorfe Asiatopsis ;
Daedong Daedong (Daido)  coreanica Mine

Up. Trias.

As discussed elsewhere, the Akiyoshi cycle of orogeny disturbed not only the
Chichibu geosyncline, but also the Mongolian geosyncline, although in the earlier
phases of the cycle the disturbance was stronger in the latter, and in the later phase,
in the former geosyncline. As discussed in detail (KoBavashr, 1952) the climate of
the Hwangho basin changed from a warm, humid one in the Shansi epoch when
coal measures were deposited, to one of high aridity in the Greenstone epoch after
a warm but fairly arid climate in the Gobangsan epoch when the Gigantopteris
nicotianaefolia flora flourished. This change must have been due to a pre-orogenic
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upheaval of the geanticlinal axis on the inner side of the Chichibu geosyncline
which extended from Japan to Tonkin. In the late Permian period the sea retreated
completely from the Mongolian geosyncline. Though the early Triassic sea lingered
on in Transbaikalia and southern Ussuri, the vast terrain of Eastern Asia became
an arid land.

The Akiyoshi orogenic cycle was accompanied by the batholithic invasion of the
Mongolian granite with the result that the Angara Urkraton was fused with the
northern part of the Chinese Heterogen through the Mongolian orogenic zone.
(Kosavasui, 1942). Therefore the basins where the Dacdong group was deposited
are distributed independently from previous tectonic lineament, as shown by the
Tsetsenwan series in Outer Mongolia, the lower Algatchi in Transbaikalia, the
Mongugai in Ussuri, the Daedong in Korea, the Peipiao coal-bearing in Jehol and
the Tatung in Inner Mongolia, the Mentoukou in the western hills of Peking and
so forth. The post-orogenic conglomerate series in the Kuznetsk basin is probably
a Daedong member far in the interior.

The Daedong group of floras on the continent were first thought Liassic or even
Dogger. The Mongugai flora of Ussuri, the Nariwa and other similar floras of Japan
and the Hongay flora of Tonkin, which belong to the Daedong group and which all
lie in the Akiyoshi orogenic zone were referred to Rhaetic. But in fact the Nariwa
plant beds are located beneath the shell beds containing upper Noric Monotis ocho-
tica, as shown some years ago (KoBavasui, 1938). Later investigations have shown
that the Mine group of floras in Eastern Asia to which all of them belong, is mostly
Carnic or Noric and partly Ladino-Carnic or Rhaeto-Liassic. The Dipteridaceae
are well represented in the floras of the Akiyoshi zone, especially in its southern
part, because plants flourish best in a warm humid climate and the zone belonged
to the monsoon region. Because the inland climate was unsuitable, the floras of the
Mine group on the continent in which the Dipteridaceae declined were thought
to be Liassic or even younger, but really they are not much younger than those
in the Akiyoshi orogenic zone as proven by the estherians and by stratigraphic
facts (KoBayasui, 1942).

It took me years to confirm the age of the Mine group of flora, but when it was
finally established, it was seen that there is a great homotaxism between the floras
of the Rhaeto-Liassic aspect on the Atlantic and Pacific sides of the Eurasian
continent. Although the Greenstone series is barren of fossils, it is superjacent to the
Upper Permian Gobangsan series. In the northeastern part of the Okch’eon zone
it is a prorogenic or Flysch type of sediment of a tremendous thickness, resembling
the Skyto-Anisic Inai series in Japan and its equivalent near Vladivostok in lithic
aspect. Therefore I have become convinced of the Middle Triassic age of the
Songnim disturbance. In other words, the Songnim phase is approximate to the
Akiyoshi phase in age, if not exactly contemporaneous.

The Middle and Upper Jurassic Jehol series which was deposited widely farther
inland is frequently rich in volcanic and pyroclastic rocks. If a small lake near
Uiju at the month of the Amnok-kang is excluded, Korea was entirely land at the
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time. With the exception of the bathyal sediment in the Shimanto geosyncline all
of the Jurassic sequences in Japan are bisected by discordances, although the ages
of the discordances are somewhat different in places. As discussed later the dis-
cordance separating the Mongugai from the Nikan series in Ussuri undoubtedly
indicates a phase of the Middle Jurassic Hida interorogeny. The Nikan series is an
approximate equivalent to the Tetori serics in the Hida plateau in Central Japan,
although the Middle Jurassic may be absent in the Nikan, hence the Upper
Cretaceous in the Tetori series. The two represent continuous limno-paralic
deposits from Middle Jurassic to Middle or Upper (?) Cretaceous.

In the Cretaceous period there was the Tsushima basin to the west of the Tetori
and Nikan basins. The Kyeongsang group in South Korea is divisible into the Nak-
tong below and the Silla series above, the two being approximate correlatives of
the Inkstone and Wakino series in West Japan respectively. The last is disconform-
ably underlain by the Toyonishi (late Malm to Wealden) and this in turn by the
Toyora (Callovian to Lias) series also disconformably. The Sakawa cycle of orog-
eny attained its paroxysmal phase in the inner side of the arc of Japan at the transi-
tion (Oga phase) from the Toyonishi to the Wakino epoch, although it commenced
in the late Toyora epoch.

Neither the Jehol nor the Naktong series is well developed in the P’yeongnam
and Okch’eon zones, but the Silla series covers the already folded formations
inclusive of the Daedong. Therefore the so-called Taebo disturbance in Korea may
have been of about the same age as the Oga phase in Japan.

In Japan the great Sakawa orogeny from late Jurassic to middle Cretaceous is
now well ascertained to be classifiable into the Oga orogeny from late Jurassic to
Wealden in the inner side of West Japan, the Neocomian Oshima orogeny in
North Japan and the Sakawa orogeny proper in the middle Cretaceous period, as
demonstrated in my Sakawa cycle. The Jurassic Hida interorogeny and the Triassic
Akiyoshi orogeny are also classified into a number of phases. Due to the
Akiyoshi orogenic cycle in the Permo-Triassic period, possibly inclusive of the late
Carboniferous, the inner side of the Chichibu geosyncline became the Akiyoshi
orogenic zone or the Akiyoshi mountains. The outer side of the geosyncline devel-
oped into the Shimanto geosyncline. The inner side of this secondary geosyncline
became the Sakawa folded mountains by the Jurasso-Cretaceous Sakawa orogenic
cycle and its outer side developed into the third geosyncline called Yezo in the
north and Nakamura in the south. Each of the orogenic cycles ended with a cul-
mination, namely the Rhaetic Toyogatake culmination at the end of the Akiyoshi
cycle and the Palacocene Akitsu culmination at the end of the Sakawa cycle.

As the result of recent rescarch in Central and North Manchuria tectonic phases
of the Akiyoshi cycle analyzed in Japan are recognizable in some way in the eastern
Mongolian geosyncline. It appears probable that the early deformation of the
cycle was stronger there and the later one stronger in the Chichibu geosyncline.

The studies on the non-marine Mesozoic formations in Eastern Asia showed that
the Songnim and Taebo disturbances in the Chinese Heterogen are respectively
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approximate to the Akiyoshi and Oga orogenies. But more intensive studies are
needed before one can distinguish the phases of the tectonic development in the
Korea-Chinese Heterogen and correlate them with those of the Japanese Islands.
It is, however, certain that the major part of Yenshan movements belong to the
Sakawa orogenic cycle, and it is probable that the paroxysm of the Yenshan move-
ments s. sir. corresponds approximately to the Oga phase of the Sakawa cycle.

A remarkable difference between the continent and the festoon islands is that
the volcanism in the Hida interorogeny was weak in the latter but strong in the
former where it took place almost continuously from late Triassic to late Creta-
ceous.
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Fig. 3. Granitization of Eastern Asia.

The Sakawa orogenic cycle was accompanied by a batholithic invasion of granite.
The term Chugoku granite batholith has long been used in Japan. Later the
granite was called Pulguksa in South Korea, Ch’ienshan in South Manchuria and
Yenshan in China. Therefore the Chugoku granite is adopted here as their col-
lective term. The Sakawa cycle of orogeny was a strong one which extensively dis-
turbed all Eastern and Southeastern Asia. The Amur geosyncline which was a
relic after the Akiyoshi orogeny in the Mongolian geosyncline was also disturbed
and intruded by granitic rocks (KoBayasui, 1942).

If the granites along the pliomagmatic zone of the Akiyoshi orogenic zone are ex-
cluded, the Mongolian granite batholith is restricted to the Mongolian zone. The
Chugoku granitic invasion on the other hand extended as far as the Sakawa oro-
genic zone through Korea and China (P. TEILHARD DE CHARDIN, 1940). The post-
Jurassic granite in Cambodia belongs most probably to this magmatism (Froma-
GET, 1941). The wave of warping which follows the Sakawa orogeny is intimately
related to this plutonism. On the continent this warping took place without any
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relation to previous tectonic lineament and was associated with faulting. The great
Khingan range and the Liao tectonic line crossing the Mongolian zone obliquely
are products of the post-Sakawa warping and faulting. The Sungari series of late
and (?) middle Cretaceous age is a filling in the central Manchurian basin and ex-
tends into the Seja-Bureja basin through the northern Manchurian highland.

5. The Touman-Suifun area in the Mesozoic and older periods

During the Palaeozoic era there were the Mongolian geosyncline on the north
side and the Chichibu geosyncline on the southeast side of the Chinese Heterogen.
The Cambrian fossils are known in the western part of the former geosyncline, but
the oldest fossiliferous formation in its eastern part is the Ordovician Lioclema
shale and sandstone in North Manchuria. In Central Manchuria the Silurian
coralline limestone is the oldest (YABE and EcucHi, 1943). In the latter geosyncline
the oldest is the Middle Cambrian Xpystridura shale in Hainan Island. The
Silurian coralline limestone in Japan is now known in North Japan and in the
outer zone of West Japan. The Silurian limestone facies is represented in the
Lojaping series in the Yangtze basin. In the vast terrain of the Hwangho basin,
however, there is a large middle Palaeozoic hiatus. North Korea is an exception
where Silurian corals are contained in the older Mesozoic Kyeomipo conglomerate
as remanié fossils, suggesting marine ingression into the P’yeongnam geosyncline
from the east. The ingression was possibly repeated in the Devonian period, as
suggested by Devonian corals at Ch’eonscongni (YABE and Sucryama, 1939).

The Mongolian and Chichibu geosynclines were connected in the Touman-
Suifun area where the Indo-Pacific fauna is known. Neoschwagerina reached Cha-
barowsk (AHNERT, 1928) and other elements of the fauna invaded farther into
Mongolia (GraBau, 1931). In the presence of Permian tuff this area corresponds
better with West Japan than North Japan. With the retreat of the Permian sea the
deltaic sediment containing the Gobangsan flora was deposited on the west side
(Konno, 1947). On the east side the Angara flora is contained in the coal-bearing
Upper Permian. Therefore this is a crucial point in checking the relation between
the two phyto-palacogeographic provinces. In the inclusion of granitic rocks the
fanglomerate in the deltaic facies belongs to the Usuginu type of conglomerate
which is extensive in the Permian of Japan. The superjacent black shale facies may
be comparable with the Toyoma slate on the Usuginu conglomerate (KoBayasHI,
1952).

The Skyto-Anisic series near Vladivostok is also similar to the series in Japan in
fauna and facies, but thinner here than in Japan. Furthermore it lies on granite,
while in Japan it is generally underlain by the Permian disconformably (Kosa-
vasHI, 1942). The exotic granite boulders in the Permo-Triassic formations in
Japan may have been derived from the pliomagmatic zone of the Akiyoshi axis
(KoBavashr, 1952).

It was found recently that the Triassic formation of various stages are widely
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distributed in the Maizuru zone which extends from the north of Kyoto to the west
of Osaka (Nakazawa, 1951). The Claraia limestone of Kurotaki and the Meekoceras
limestone of Taho, both in Shikoku Island, are aligned in its extension. They as a
whole indicate an embryonic syncline diagonal to West Japan. It is highly prob-
able that the early and middle Triassic sea reached Vladivostok through this
channel. The Ladinic is generally found detached from the Skyto-Anisic in Ussuri
and Japan. In the early Carnic the Maizuru zone was an embayment and abun-
dant Palaeopharus shows a faunal connection to the arcto-boreal side. The Carnic
and older formations in the zone are all strongly folded. The Shidaka series to the
west of Maizuru which was previously thought Jurassic, has been lately deter-
mined, with the find of Myophoria, to be a deposit of the metaorogenic or Molasse
type immediately after the deformation (KamBe, 1951). The Nariwa series to the
west of Okayama which contains late Noric Monotis ochotica at the top is another
metaorogenic deposit. At the western end of the main island (Yamaguchi Prefec-
ture), however, the Ladino-Carnic Atsu series rests on the Akiyoshi folded moun-
tains comprising metamorphic rocks. Therefore it is certain that the paroxysm of
the Akiyoshi orogeny came earlier there than in the Maizuru zone.

The extensive distribution of Monotis shows flooding of the Noric sea over North-
ern Siberia, Amur embayment, Ussuri, Japan and so forth. The Triassic formations
of Japan are devoid of volcanic material, but the tuff contained in the Mongugai
series in Ussuri indicates volcanism behind the Akiyoshi mountains.

The Akiyoshi cycle of orogeny closed with the Rhaetic culmination of the Toyo-
gatake phase. Subsequently the Liassic sea ingressed into the Akiyoshi land along
the boundary between the zones of metamorphism and deformation from the west,
as indicated by the neritic Toyora, paralic Yamaoku and limnic Yamamuro for-
mations. Farther to the east in the southern Kitakami mountains a late Triassic
embayment was slightly modified in the Liassic. On the outer side of West Japan
which is farther apart from the Akiyoshi mountains the continental shelf was made
narrower in the early Jurassic than in the later Triassic by the Toyogatake culmi-
nation (KoBavasui, 1948). Accordingly the neritic Lias or Dogger is delimited,
though there is a continuous bathyal sediment off-shore in the Shimanto
geosyncline which is a product of migration of geosyncline toward the south of the
Akiyoshi mountains through the Permo-Triassic orogeny.

The Mongugai series is a formation, late Triassic to early Jurassic, in the depres-
sion behind the mountains and there is no Rhaetic discordance. Marine Jurassic
fossils are reported from the Murawiow-Amurski peninsula and Askold island near
Vladivostok. Vaugonia and Biplices among them suggest respectively early and late
Jurassic ingressions.

The Jurassic sequence in Japan is bisected by the Hida discordance, but the age
of this break is quite different at places. The Toyora from Liassic to early Malm
reveals a cycle of sedimentation in an embayment. In the Hida plateau, Central
Japan, the Kuruma basin became land and a new basin called Tetori was brought
about on its west side. The lower Tetori series (or Kuzuryu division) contains a
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marine fauna including Biplices and Seymourites, the latter being a typical member
of the Arcto-Boreal Callovian fauna. The limno-paralic middle Tetori, or Itoshiro
division, is most extensive and yields the rich Tetori flora. The upper Tetori,
or Akaiwa division, is composed mostly of deltaic sandstone, partly conglomeratic,
and barren of fossil. Lately middle Cretaceous plants were discovered in the top,
or Omichidani, division containing red tuff similar to the so-called Inkstone. The
Tetori, Naktong, Ryoseki and Nikan floras are all similar to one another and are
late Jurassic or early Cretaceous.

In northern Kyushu and its northeastern adjacence it is known that the Toyora
series is discordantly overlain by the paralic Toyonishi, from upper Malm to
Wealden, which is an orogenic sediment. Its transition to the limnic Wakino series
was the paroxysm of the Oga orogeny. The Inkstone red tuffaceous formation
superjacent to the Wakino is more extensive than the Wakino. These two cor-
respond to the Naktong and Silla series in South Korea and the Kyeongsang
group is their collective term.

The Nikan series in Ussuri consists of the arkose Nikan in the lower and the
tuffaceous Nikan in the upper part. The arkose Nikan may be the correlative of
the Naktong or the middle and upper Tetori series exclusive of the top division of
the Tetori. The tuffaceous Nikan exclusive of its top is that of the Silla-Inkstone
plus the top of the Tetori. The top division of the Nikan yields Trigonia, Spondylus
and Ostrea. Judging from the Cretaceous palacogeography of Japan and Korea it is
quite improbable that the late Cretaceous sea ingressed into southern Ussuri from
the south. Therefore there may have been a channel along the Sichota Alins.

In East Manchuria there are Jurasso-Cretaceous formations. Broadly speaking,
the lower division containing the Tetori-Naktong type of flora (Moulin, Tunning,
Lungching, etc.) may be correlated to the arkose Nikan and the upper division
(Talatzu, Hwashan, etc.) to the tuffaceous Nikan. There the two parts are generally
separated by a remarkable discordance and boulder conglomerate is fairly prev-
alent at the base of the latter. This deformation must be roughly in the Oga phase.

As mentioned above, the Touman-Suifun area records the history of the Akiyoshi
cycle which took place behind Japan. During the Triassic and Jurassic periods the
sea repeatedly ingressed as far as Ussuri. The fauna and flora there are intimately
related to those of Japan. Furthermore it is certain that the Hida and Oga defor-
mations took place there.

The Mesozoic and older history of the Touman-Suifun area is indeed intimately
related to the inner side of West Japan, but is essentially different from that of
Korea proper. Nevertheless it is a remarkable fact that the middle Triassic Akiyoshi
orogeny was stronger in the P’yeongnam geosyncline than in the Okch’eon geosyn-
cline, like the inner side of Japan where it was stronger than on the outer side,
and the mountains introduced in North Korea and the inner side of Japan were
secondarily deformed by the Wealden Oga orogeny.

Seeing that the distribution of the Triassic formation in the Sikhota Alin Range
is restricted, it is probable that there was land, but the alignment of the Jurasso-
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Cretaceous formations with the Palaeozoic formations along the axis shows that the
folded mountains of the Sikhota Alin Range were not completed before the late
Mesozoic orogeny. Trigonia from Suichan suggests the appearance of a channel
in front which may have been the progenitor of the Japan sea.

6. Koreo-Manchuria after the Sakawa orogenic cycle

The Great Khingan range runs diagonally across the orogenic zone of Mongolia
with a NNE trend, and is more gently inclined to the west than to the east. The
central Manchurian basin is separated from the Seja-Bureja basin by the north
Manchurian highland, but in the late Cretaceous period there was a twin basin
where the Sungari series deposited (KoBavashi, 1942). Several patches of the
series are scattered on the highland. The Seja-Bureja basin must have been pro-
duced after the Amur geosyncline became an orogenic zone. The Great Khingan
range and the east Manchurian mountains must have been on the west and the
east sides of the central Manchurian basin in the Sungari epoch.

The upper Sungari series inclusive of the Tsagoiana of the Seja-Bureja basin
may be Cretaceo-Tertiary passage beds. The Taishu series on the Tsushima Is-
lands is thought to be Dainan by TATerwa (1934). But, intruded into by the
batholithic granite, the vast terrain of Eastern Asia culminated and became land at
the end of the Cretaceous period.

In Japan the Palacogene is generally separated from the Cretaceous formation
by disconformity except the Nakamura group along the Pacific coast of West Japan
in which the boundary between the two systems is as yet obscure.

The Palacogene sea ingressed into the Yezo and Nakamura geosynclines and
also into the Palaeo-Shiranuhi bay to the west of Kyushu reaching the western
extremity of Chugoku in the Oligocene inundation.

On the continent Oligocene and lower Miocene are most extensive among the
Tertiary formations. Because the subsidence of the Tertiary basins began in late
Eocene and lasted till the middle Miocene crustal deformation, the formations
from middle Miocene to upper Eocene on the continent are collectively called here
the older Tertiary group. It is extensive in the Seja-Bureja basin and occurs in the
Itungho spatulate basin and the Fushun coal field on the west side of the Koreo-
Manchurian mountainous land. In the Hanka lowland it is represented by the
Hoeryong series in the Chientao and Touman area and the Posjet series in the
Suifun area. In the Kilchu-M’yeongch’eon graben on the southeast side of the
Kaema plateau there are the limnic Yongdong series, Yongdong alkaline basalt
and the paralic M’yeongch’eon series in ascending order.

On the west side of peninsular Korea the Pongsan coal-bearing (upper Eocene)
and probably the Anju series belong to the older Tertiary. On the east side there
are small patches at Sigumni, T?ongch’eon and Kilchu in the last of which the
Changii series is overlain by P’ongongri volcanics. The bases of the Yongdong and
Changii series are fairly flat. There are weak discordances at the bases of the
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M’yeongch’econ and P’ongongri. Deformation after their deposition was much
stronger.

The P’ongongri and older formations are cut by faults of the Hansen system
with a NNE strike and the downthrows on the east side. The Kaema plateau was
raised to a great height by this movement. At Hapsu on the plateau but close to its
rim the older Tertiary is in a basin 1,000 m above the sea. On the scarp of the
plateau there is the Hamgyeong system of faults lying mostly in a NE to ENE
direction, with their downthrows on the plateau side. During this deformation the
Ch’ilbosan horst was separated from the plateau by the Kilchu-Myeongch’eon
graben. The Ch’ilbosan volcanic series covers both the horst and the graben.

In the eastern part of the Kangweondo limestone plateau there is a zone of fault
mesh which was produced by the block movement in the Cretaceo-Tertiary
transition. But the land relief was leveled by erosion during the Palacogene period.
Its end product was the Yukpaeksan plane which was brought up by the middle
Tertiary asymmetrical warping. There was however no strong faulting. The upper
Miocene formation at Samch’cok, Yeonghae and Yeonil, on the cast coast of the
peninsula, begins with boulder conglomerates in the depressions in the already
deformed terrain.

The Yukpacksan plane is not a peneplane, but a plane of low relief varying in
height to 500 m. It is probable that the topis the relic of the Eocene plane and the
flat bottom is the Miocene plane. At all events the high rolling plane is extensive in
Koreo-Manchuria and becomes higher near the coast of the Japan sea. In the
Kaema plateau and east Manchuria the Yukpaeksan plane is widely capped by the
middle Tertiary plateau basalt. In Chugoku the submergence of the plane invited
the ingression of the Miocene sea.

In Koreo-Manchuria the younger Tertiary is less extensive than the older
Tertiary and the Pliocene less than the Miocene. In Japan on the contrary the
Miocene was a time of inundation. After the retreat of the Oligocene Ashiya sea
there was a ditch from northwestern Kyushu to the Shinji peninsula where the
limno-paralic sediments were deposited. Subsequently the Miocene sca ingressed
from the south as far as the Kilchu-M’yeongch’con graben, and an inland sea
crossed Chugoku and Kinki.

Almost simultancously with the middle Miocene deformation in Korea the
limnic formation of the Shinji peninsula was strongly folded. Later the sea spread
from the north; the Yeonil series near Kilchu is a sediment of that time.

By the embryonic folding in the transition from Cretaceous to Tertiary the Yezo
geosyncline was differentiated into the elevating east side and the subsiding west
side. In the latter the thick Palacogene sediment was accumulated ; later it folded
and was thrust by the Neogene orogeny. In the transition from stable Palacogene
to mobile Neogene the northern wing of the Sakawa mountains in front of the
Yezo geosyncline suffered fragmentation. As a result the Kitakami, Abukuma
and other horsts were produced on the cast side, and a chain of depressions on
the west side, which are known by the name of the Uetsu subgeosyncline. A
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thick green tuff formation produced there was overlain by a thick oil-bearing
Neogene in the subgeosyncline which was strongly deformed by the Diluvium.

Asmentioned above, itis probable that there was a late Cretaceous channel on the
east side of the Sikhota Alin Range, but after the retreat of this sea Japan became a
maritime terrain of Palacogene Asia. Whether or not the older Tertiary formations,
like the Posjet, Hoeryong, Yongdong and Changii series all to the east of the
Korean divide, are sediments in separate basins or marginal depressions of a large
lake on the side of the Japan Sea, is indeterminable. But it is certain that there was
a Sca of Japan during the Miocene. Its outline was different from the present one,
especially on the side of Japan. But the outline at the end of Pliocene was quite
similar to the present one, because the neritic Pliocene is distributed along the
coast of North Japan. There is none on the coast to the west of Maizuru in Kyoto
Prefecture, but the neritic upper Pliocene recurs in Cheju island to the south of the
Korean peninsula. The shell bed at Ugolnaja, north of Vladivostock, may be of the
same age or a little younger. Judging from the migration of mammals, however,
the land connection through the Tsushima Strait or the East China Sea may have
been maintained intermittently at least by the middle Diluvium.

It is difficult to date any phase of deformation without related formations. See-
ing that Mesozoic formations are disturbed in the Hanka lowland, however, the
progenitor of this depression must have existed in the early Triassic or at least in
the late Triassic period. It was later developed as shown by the extensive distribu-
tion of the Jurasso-Cretacecous formations. The twin basins of Seja-Bureja and
central Manchuria did not, however, exist before the Sungari epoch, because the
Sungari series directly overlies the basement and the Amur geosyncline extended
westerly into Transbaikalia through the Seja-Bureja tributaries until the early
Cretaceous period.

The deformations which affected the Jurassic formations in Dalainor coalfield
in Barga or in the Haokang coal field in northeast Manchuria are block movements.
Insofar as Transbaikalia is concerned the deformation of the Amur geosyncline is
of the German type as seen in Jehol. But because the Scholleniiberschiebung is directed
to the south or southeast in Jehol whereas it is to the north or northwest in Trans-
baikalia, the thrusting was probably caused by a grand geanticlinal upwarping
of the broad central zone of Mongolia as suggested by TcHavcHovsky (1935). The
subsidence of the aforementioned twin basins and the uphecaval of the Great Khin-
gan range on its west side, and of the east Manchurian mountainous land on its
east side took place after the early Cretaceous orogeny.

The Liao tectonic line which delimits the east Manchurian land may not be a
simple fault but a series of parallel faults and flexures. In the Liaotung peninsula
the Chinchou fault of this trend separates the folded Naknang group on the west
side from the gneiss terrain on the east side. Likewise, a narrow graben of the same
trend between I-hsien and Wei-hsien separates west Shantung and east Shantung.
The increasing dip of the lower Sungari series, z.e. the Chuantou stage in the ap-
proach to the Taheishan range suggests a flexure. It is the forerange of east Man-
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churia, and behind it a spatulate basin of the Itungho is filled with the Palacogene
and probably also the Sungari series. But no Oligocene is known in the central
Manchurian basin or in the north Manchurian highland. The Oligocene in the
Fushin coalfield is cut by a fault at the northern end. The NE and ENE trends signif-
icant in the orography and hydrography indicate the blocking of the Koreo-
Manchurian land.

In the topography of Korea and especially of Central and South Korea NNE and
NNw trends are very significant. The Kilchu-Myeongch’eon graben and the
Weonsan-Seoul rift valley are in the former trend. The Mukakusan fault (see Fig.
4) on the other hand is in the latter and traceable over 100 km, along which the
Silla series is slipped down on the east side. The eastern coast of peninsular Korea
runs parallel to it for a long distance, but in the south of the Yonggil bay it has a
~NNE trend. The Tsushima Islands are elongated in the same direction. The back-
bone range of the peninsula is warped up with the axis close to the Japan sea. From
Taepaiksan the Sopaiksan range extends sw, with several parallel ranges and rivers
on its northwest side.

In summarizing these facts it can be said that the strong faultings were at one
time repeated somewhere in the interval from late Cretaceous to early Palaecogene,
and in the middle Tertiary period at another time; hence the faulted mosaic was
brought about. In Koreo-Manchuria some of the faults are normal but some others
are reverse. They produced some grabens and horsts. In northern Kyushu and
adjacent Chugoku the Palacogene formations form basins or synclines with axes
running in Nw to NNw directions. Faults of the same trend are predominant there
and these cut the Palacogene (MATsusHITA, 1950). It is remarkable that the western
block is displaced to the south for a long distance along some of these faults. It is
quite evident that there was a middle Tertiary faulting, but there may have also
been pre-Miocene faulting, because the basement appears to be more displaced
than the Palacogene formations.

The block movement was accompanied by volcanic eruption. In the Kilchu-
Myeongch’eon graben, the Yongdong alkaline basalts and the Ch’ilbongsan vol-
canics occurred respectively before and after the middle Tertiary faulting. The
crustal movement after the Ch’ilbongsan volcanics was not so strong as that before
them. On the Kaema plateau and the east Manchurian mountains to the north of
it plateau basalt is extensive on the Yukpaiksan plane. The younger basalt flows fill
the valley carving the high plane and carved by the present stream. The Weonsan-
Seoul rift valley is also filled by basalt flows. Basalt patches aligned on the east and
west sides of the Sikhota Alin Range are probably related to the Tertiary block
movement.

In the Oki Islands in the Sea of Japan calci-alkaline rocks were effused earlier
and alkaline rocks later in the Neogene and later period (Tomira, 1936). In north-
ern Kyushu and adjacent Chugoku middle Neogene and later basalt cones and
flows are noted (MaTsumoTo, 1952) to be distributed in three equatorial rows en
échelon, and the more northern ones are located more to the east. It was also noted
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by Tsuva (1934) that basaltic cones in Chugoku are distributed in the depressions
of the Chugoku batholithic mass. The Hakusan volcanic zone runs to the west from
Mt. Tateyama along the coast of the Japan Sea, but abruptly turns to the south in
western Chugoku. These facts as a whole suggest the shifting of the western
terminus of the Japanese arc to the south.

In the Kaema plateau there is alkali-trachyte of Mt. Packtu which was effused
after the plateau basalt. It may be combined with the alkaline rocks on Ullungto
and Cheju islands in the Peri-Korean volcanic zone.

7. The Peri-Tunghai tectonic zone and its Flankenkettung
with the Japanese arc in Kyushu

As noted by Koro, the tectonic development of the Korean trend is younger than
those of the Liaotung and Sinian trends which are cut by the former. Through later
investigations in Korea and Manchuria it has been well ascertained that the equa-
torial elements are as a rule older than those of meridional trend or those diagonal
to the equatorial ones. More precisely, there was the Mongolian geosyncline be-
tween the Angara Urkraton and the Chinese Heterogen which was disturbed at
first by the middle Palacozoic orogeny on the northern side and widely oronized
later by the Akiyoshi cycle of orogeny and the Mongolian batholithic invasion.
Therefore the Mesozoic formations rest on either the folded or metamorphosed
Palacozoic Mammo group or the granitized basement (Kosavasui, 1942). The
Amur geosyncline was a relic of the Mongolian geosyncline which was not com-
pletely oronized until the Sakawa orogenic cycle (KoBavasai, 1942). The P’yeong-
nam geosyncline and certain other depressions were strongly deformed by the
Akiyoshi orogeny, but the deformation was incomparably weaker as compared
with that of the Sakawa orogenic cycle through which the whole Chinese Hetero-
gen was deformed and granitized by the Chugoku batholithic invasion. Faults,
flexures or warpings rectangular or diagonal to the preceding equatorial lineament
took place after Eastern Asia had thus oronized.

The Great Khingan range with its gentle back slope on the Mongolian side and
Koreo-Manchuria with its slope on the side of the Yellow Sea and the central
Manchurian plain are two of the Landstaffeln so-called by Richthofen. They are
products of the post-Sakawa fragmentation or anoronization. SUEss’s opinion that
the architecture of Asia was instituted distally from the Angara Urkraton is how-
ever not erroneous, if one considers the oronization. The Cainozoic Oyashima dis-
turbance was strong in the more distal part. Therefore Sugss’s opinion is correct
for the oronization of Asia and so is RICHTHOFEN’s for its anoronization. The latter
follows the former, and the latter begins earlier in the interior than in the periphery
of the continent.

The peninsular outline of Korea is an outcome of such an anoronization. Its
construction may have begun with the block movement along the Korean arc. But
the two cycle mountains of Korea were introduced by upheaval after the Yukpaik-
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san peneplanation. The upheaval was most remarkable in the middle Miocene, but
since then intermittent lesser upheavals were repeated some four times, as is dis-
cussed in detail below.

The Hei-Liao divide runs across east Manchuria. Another auxiliary axis of
elevation on its northeast side is separated from the divide by the Kirin-Tanch’eon
zone of depression. They are all parallel to the Korean arc. The coast line in
Southeastern Korea and the Tsushima islands suggest a faulting of dominantly
NNE trend. In northern Kyushu and adjacent Chugoku several facts concerning
the fault system, the distribution of basalt and the volcanic zone suggest the
Blattverschiebung of the western side to the south. The Palacogene and Cretaceous
formations in the Amakusa islands are folded with the main axis in the NE direction,
but in central Kyushu the folding axis gradually becomes parallel to the zonal
structure of the outer zone of West Japan.

To the south of the Sakawa mountains lies the Nakamura folded zone which
was produced by the middle Tertiary Oyashima disturbance. The zone is abruptly
bent to the south in southern Kyushu and extends to the outer chain of the Ryukyu
Islands. It is intruded into by the Tertiary granite. Its exposures are aligned in
parallel through Kyushu, Shikoku and Kii peninsula. The middle chain of Ryu-
kyu is the extension of the Sakawa mountains, since there are Permian formation
and late Mesozoic granite. The inner chain consists of volcanic isles which belong
to the Kirishima volcanic zone. The rim of the east China shelf is deeply sinuated
to the west of Kyushu. Because the sea repeatedly ingressed along this trend in the
Mesozoic and later periods, the initial depression may have existed already in the
Cretaceous or even in the Jurassic period.

As discussed in my “Sakawa Cycle,” the Ryukyu islands as well as the Pacific coast
of West Japan suffered strongly from the middle Tertiary orogeny. This disturb-
ance was accompanied by the Tertiary granitic intrusion. The outer chain of
Ryukyu represents the axis of the Oyashima orogeny which extends through the
projectiles of West Japan and runs into Central Japan. If the Peri-Tunghai arc is
taken as a tectonic unit as was done by Koro, its northern wing was anoronized
and its southern wing oronized. RicHTHOFEN’s Flankenkettung of this arc with the
Japanese arc is made in Kyushu by the Nakamura folded zone and its Amakusa
branch, between which the Sakawa mountains are wedged.

The Ryukyu arc inclusive of Kyushu, however, may have drifted to the south.
The southern shifting of the western block and the related volcanism seen in West
Japan must be due to drifting. As suggested by Toxkupa (1926) the festoon islands
of Ryukyu and probably Japan slid or drifted toward the Pacific side. By its
tension South Korea was cut by step-faults with their down throws on the side of
the Tsushima Strait as shown by the Hansan fault system. The Tsushima Islands
are horsts in the sunken Tsushima Strait.
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GEeoLoGY oF SoutH KOREA

1. Outline of South Korea

The Okch’eon (Yokusen) orogenic zone runs across South Korea diagonally
from Cheolla-namdo to southern Kangweondo, having a breadth of 40-50 km be-
tween the Kyeonggi (Keiki) massif on the northwest side and the Yeongnam
(Reinan) massif on the other side, and the Tsushima basin lying farther to the
southeast.

To the north of the Kyeonggi massif there is the P’yeongnam (Heinan) orogenic
zone of North Korea. The massif is composed of the Yeonch’eon (Rensen) meta-
morphic system with the Kokulian granite intruding into it. These Pre-Cambrian
rocks are exposed extensively, but near the coast of the Yellow Sea strips of older
Mesozoic formations are found in the environs of Kiimp’o and Namp’o. Cretaceous
intrusive rocks are widely distributed but the extrusives are not so extensive in the
massif. On the side of the Japan Sea there is a small older Tertiary basin at
T’ongch’eon. The Weonsan-Seoul rift valley or the Ch’uga-ryeong graben in NNE trend
runs from the eastern end of the P’yeongnam orogenic zone to the southwestern
end of the Kyeonggi massif. The massif is bisected by this valley into the eastern
and western blocks. Basalt is effused along this rupture. The Okch’eon orogenic zone
can be divided into the northeastern and southwestern parts in the vicinity of
Ch’ungju and Mun’gycong. The limestone plateau of Kangweondo extends from
the southwestern part of the Okch’eon zone to the Chungbongsan block. There is
an extensive display of the great Cambro-Ordovician limestone formation. The
Pre-Cambrian basement, however, is exposed at Chungbongsan and a few other
places in the limestone plateau. While the Korean and P’yeongan systems are
strongly disturbed in the Okch’con zone, they are not much deformed on this rigid
basement. The Chungbongsan block is a fragment of the Yeongnam massif which is
detached by the Paekunsan syncline from the Taepaeksan block in the south.
While there is no Palacozoic formation on the 7aepacksan block, the Chungbong-
san block is covered extensively by the Korean system, because the latter block has
a subsiding tendency in contrast to the former. The Korean and P’yeongan systems
are well developed in the Packunsan syncline and its adjoining areas.

On the west side of the Chungbongsan block there is the older Mesozoic Bansong
series which overlies the two systems generally with disconformity and extends far
to the southwest into the Mun’gyecong district. These three formations are pre-
orogenic. The middle Cretaceous Silla series on the east and southeast sides of the
Chungbongsan block and the Samch’eok Miocene on the east side of the block are
post-orogenic formations. Beside these there are various igneous rocks, mostly
products of Cretaceous igneous activity.

The southwestern part of the Okch’eon zone is largely occupied by a complex of meta-
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1. To’ngch’eon (Tsusen) 11. Taebaegsan (Taihakusan)

2. Umgangsan (Mt. Kongo) 12.  Yeongyang (Eiyo)

3. Weonju (Genshu) 13. Andong (Anto)

4. Ch’ungju (Chiushu) 14. Uiseong (Gijo)

5. Kongju (Koshu) 15. Teokyusan (Tokuyusan)

6. Kunsan (Gunzan) 16. Yeonghae (Neikai)

7. Yeongdong (Eido) 17. Taegu (Taikyu)

8. Cheonju (Zenshu) 18. Chinju (Shinshu)

9. Hwasun (Wajun) 19. Kyeongju (Keishu)

10. Muan 20. Pusan (Fusan)
a P’yeongweon (Heigen) block A P’yeongbuk (Heihoku) Gaima land
b An’ak (Angaku) fault B P’yeongnam (Heinan) zone
¢ Yeseonggang (Reiseiko) valley C Kyeonggi (Keiki) land
d Keump’o (Kimpo) graben D Non-metamorphosed Okch’eon (Yokusen)
e Weonsan-Seoul (Gensan-Keijo) rift valley zone
f Namp’o (Rampo) faulted area E  Metamorphosed Okch’eon (Yokusen) zone
g Kongju (Koshu) graben F Chungbongsan (Chuhosan) block |y, 0.
h Yeongdong, Chin’an and Uiseong G Taebaegsan (Taihakusan) block (Rcdinan)

(Eido, Chinan and Wajun) grabens H Teokyusan (Tokuyusan) block m
i Yeongyan (Eiyo) fault-angle basin I Tsushima basin
j Andong (Anto) upthrust White Dots in Black: Basalt
k Ueiseong (Gijo)wedge Small Dots: Cretaceous and later sediments
1 Ulsan (Urusan) zone Black: Older Mesozoic formation
White: Massif

Fig. 4. Tectonic Division of South Korea.

morphic rocks, called Okch’eon or other names. On the lateral sides of this part
there are Cretaceous formations. In other words, there is a short strip of a Creta-
ceous formation at Kongju on the northwest side. Another Cretaceous formation on
the other side forms a larger and much longer belt, or the spatulate basin so-called
by Koro. The Cretaceous igneous group including the Pulguksa (Bukkokuji)
granitic rocks is more extensive in this part of the Okche’on zone than in the lime-
stone plateau of Kangweondo.

The Yongnam massif is divided into northeastern and southwestern parts by
the Uiseong wedge of the Cretaceous Kyeongsang group. The above-mentioned
Taepaeksan and Chungbongsan blocks are in the former part. The latter part is
called here the Teokyusan block after Teokyusan 1,508 m above the sea. The Pre-
Cambrian basement of this block is largely composed of grey granitic gneiss. It is
intruded by granitic rocks. Furthermore there is a Cretaceous formation fringing
the southwestern margin or filling the intermontane basins in some places.

As mentioned above, the Chungbongsan and Taepaeksan blocks are intervened
by the Paekunsan syncline. This fragmentation began in the middle Triassic
Songnim phase and was almost completed by the late Mesozoic Taebo disturbance.
Subsequently the Japan Sea side of this region was deformed. The Taepacksan dis-
location line denominated by Koo (1903), however, is not a simple tectonic line but
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a zone of fault mesh. Because the dislocation of this zone is related to the deforma-
tions of Kyushu and the Ryukyu islands, Koto (1916) proposed Peri- Tunghai dis-
turbance as the collective term for the Mesozoic and later disturbances in these
places which are aligned en échelon and form a grand arc as a whole. Tertiary forma-
tions of Samch’eok, Yeonghae and Kyeongju provide important materials for the
study of this disturbance.

In the southeastern part of the Taepaeksan block lies the fault-angle basin of
Yeongdong. Like the Uiseong wedge, there are the Naktong and Silla series. The
two are combined into the Kyeongsang group, their approximate equivalents on the
Japanese side being the Wakino and Inkstone series respectively. The depression
where the Kyeongsang group is deposited is the Tsushima basin so-called by Koto,
the wedge of Uiseong being its northwestern projection.

Table 3. Stratigraphical Sequence of South Korea.
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2. The limestone plateau of Kangweondo and a history of its
geological research

The so-called limestone plateau of Kangweondo lies mostly in southern Kang-
weondo, but a section lies in northern Kyeongsangdo. The great Cambro-Ordo-
vician limestone formation forms an extensive limestone plateau there. But there
are all kinds of formations in South Korea, the only exceptions being the Nak-
tong, Changgi and P’ongongni series.

The geological outline of this region was first figured out by NAkAMURA in his
survey of mineral resources (1924). Subsequently SHIRAKI surveyed the coal fields
(1922, 1933, 1940). KoBavasur (1927-1949) made geomorphological and geo-
logical studies in cooperation with his students. In addition there are YAMANARI’s
survey of the Uiimgil and P’yeongch’ang sheet areas (unpublished), KoBATAKE’s
survey of Tanyang and Mun’gyeong coal fields (1930, 1942, 1947), NAkAZAWA’s
study of Ch’angni area (unpublished) and several others. As a result the geologic
structure of about half of the plateau became well known.

The history of the plateau can be briefly summarized as follows:

(1) The Korean and P’yeongan groups of formations are deformed together with
the older Mesozoic Bansong series in the Okch’eon orogenic zone and on the
Chungbongsan massif. Various aspects of geologic structures and their mutual
relations can be seen.

(2) Subsequent to the compressive deformation the Cretaceous Silla series was
deposited in the eastern plateau. There arose a block movement which is re-
lated to Cretaceous igneous activity. As a result the Taepaeksan dislocation
zone was brought about.

(3) Later the Yukpack (Roppyakusan) plane was brought into being by the Palaecogene
peneplanation. Still later, there took place an asymmetrical geanticlinal up-
heaval, causing the revival of erosion which dissected the high plane. New low
planes produced on the east and west sides of the older one are respectively
called the Yeongtong (Reito) and the Yeoju (Rishu) plane. The two cycle moun-
tains of the Korean peninsula were thus introduced. The Neogene formation
of Samch’eok is a deposit at the beginning of the later erosion cycle. The
eastern plateau region is therefore the crucial point in deciphering the
history of the topographic development of this region.

These subjects are dealt with in this chapter in great detail. There are important
coal fields and various metal mines, but their description is omitted here.

3. Geological sequence of the Kangweondo limestone plateau

The Pre-Cambrian basement complexes are exposed in the Kyeonggi land on
the northwest side of the Okch’eon geosyncline and in the Yeongnam land on its
southeast side. The Yeonch’eon system and Taepacksan series are the metamorpho-
sed sedimentary rocks respectively of the Kyeonggi and Yeongnam massives.
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Detached from the extensive display of the Pre-Cambrian complex in the Taepaek-
san block, it is exposed fairly extensively around Chungbongsan and a few small
patches are met with at Muntingni and other places.

The Taepacksan series in the Tacpacksan and Chungbongsan blocks is mostly
composed of mica-schist, but limestone is contained in a small amount. These are
two characteristics of this Pre-Cambrian formation. It is intruded by Kokulian
granite and later by acidic dykes containing large crystals of tourmaline. In the
vicinity of Choneogambong for example, the Cambrian basal conglomerate can be
clearly seen to overlie the mica-schist. At Kuraeri, Sangdongmyeon, Yeongweol-
gun the strike of Taepacksan series forms an angle of about 60 degrees with that of
the Jangsan quartzite at the base of the Korean system. Clear-cut angular dis-
cordances can also be seen near Nokcheonri, Sangdongmyeon and Yeongweolgun.
In other places the bedding planes of the superjacent Jangsan quartzite and the
subjacent Taepaeksan mica schist are nearly parallel to each other. The Tacpaek-
san series in the south of Daegi, Sangdongmyeon, is not much metamorphosed.

The Pre-Cambrian complex around Chungbongsan is not well explored, but
near Muntingni it is known that the Jangsan quartzite of the Korean system over-
lies the wavy surface of the Pre-Cambrian basement which is composed chiefly of
sericite schist and garnet granite intruding into it. The difference between the
bedding plane of the quartzite and the schistosity of the schist is not large. To the
west of P’yeongch’ang there is the Songbong schist formation in the basal part of
the Korean system, composed mostly of mica-schist and quartz-schist, in addition
to some marble. It overlies the southeastern rim of the Kyeonggi land which con-
sists mostly of granitic gneiss but where the Songbong formation overlies the mica-
schist member of the gneiss group, the boundary is as yet obscure because the
difference in the bedding, schistosity or the grade of metamorphism appears slight.

As in the other parts of Korea, the Korean system in the plateau used to be
classified into the lower or the Yangdok series and the upper or the great lime-
stone series, but this classification was abandoned and a new classification estab-
lished in the vicinity of Taepacksan (KoBavasui, 1930). There the Cambrian and
Ordovician formations are about 850 m and 450m thick respectively. Later it was
found that this standard sequence in the Paekunsan syncline, which is called the
Tsuibon type, merges with that in the Okch’eon geosyncline (Kosavasur et al.,
1942). The stratigraphic classification of the Korean system is shown in Table 4
(KoBavasHi, 1966).

It is noteworthy that the Dongjeom quartzite at the base of the Ordovician and
the intraformational conglomerates above and below the quartzite and the Middle
Ordovician Chikunsan shale, which are all generally seen in the Packunsan syncline
and on the Chungbongsan block, die out toward the geosynclinal zone. In the
Yeongweol type of sequence in the axial zone of the geosyncline the base of the
Korean system is not exposed, but it has been noted (1) that shales form a very
thick early Middle Cambrian formation, (2) that black shales and cherty rocks
occur in the late Middle and Upper Cambrian and (3) that the Dongjeom quart-



KOREA
he Korean system.

1sm in t

linal volcan

L

| 00307 | i
- Luesung 1igy uessue[ _ n() uesdue[
g 1 T O
z ndppysues | %
a N | |
{ s |
> owpus | SE00 | I Buoqodiy
N T EEE——
W ..m . yusSuey, | - W -
.m m & - (uedepy) I
- « - |
Sl |8 |— 00$-00¢ ﬁ ssey e
m ..m O nzjey, v 8eeq F1¥Red
O |/ | L I
0S-0% m
TR | g wosieg w
— IR s - I
= S | | 9o |
8 ueysduey)) ,_ m
= i i
E uezre ootoagy | 2 (unyg)
8 |- : O uney)
o ueysSua,j (spewrSunaely)
- i S
uetueMuEAL __ Ty woelBuog |
066051
= E— . usiowor |
s
2 00007
.m uer3unjopp "] Bnorp
S | . ; suojsouIr|
° | - 001-0¢ - uoasguos |’
I - yg uesuny) |
% ueiSuejnoy, Y %a
,~ '8 woqmsT, )
\
2By Emmo_ﬂw e (uoqmsy,) (uaziag)
\mw:w:@ow adA1, Suoqmn, uoas3uoa [

0S1+
Sueanyy

001
3uosey

051
(reueyy)
sruelH

00¢
1043yjoeg

006
(L)
u3uoayD)

00¢
(uopog)
wejo,

(19)ung)
8u0043, unyy

0GL
(uesodureg)

uesguequieg

00%
LIRYORIA

005002
JoSep

00z F
(nyjosyung)
Bo3unyy

00%
(o)
Sunayguoa x

(nsyoroN)
[09M3u0s x

YOS5
(oqoyg)
Suoq8uog

auojsawI
I9MO

Ay
(uwopuoy)
uoafun,

Juojsowr|
raddn

(ouse)
Sueyoduoakg

zite and the Chikunsan shale are replaced by calcareous facies. There is no sign of

Intrageosync

4

*(s1979W UT SSAUNOIY ) NedIB[J 2UOISIWIT

opuoomSBue3] 9yl Ul WAISAG UBAIOY 9Y) JO UOHIEB[OLIO)) PUB UONBOYISSE[) *p I[qEL



GEOLOGY OF SOUTH KOREA 55

(1) Diagrammatic sections 1-3 showing the variations in facies and thickness of the P’eongan
system.

Yeongweol (1) Jeongseon (2) Samch’eok (3)

(2) Diagrammatic sections 3-5 showing the variation in facies and thickness of the Hyeongan

system.
Mun’gyeong (5) Uiimgil (4) Samch’eok (3)

(3) Index map showing the localities of the sections.
N
> [ 1)
W A: Kyeonggi massif
) B: Okch’eon Zone
C: Yeongnam massif

4: Greenstone series
3: Gobangsan series
2: Sadong series

1: Hongjeom series

Fig. 5. Columnar Sections Showing the Variation in Facies and Thickness of
the P’yeongan System and the Index Map Showing the Localities of

the Sections.
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(4) Columnar sections showing the variations in facies and thickness of P’yeongan group.
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The Korean system is overlain by the P’yeongan system almost always para-
unconformably (see Figs. 4-5 of PL. IT). At the clear-cut contact between the Korean
and P’yeongan systems as seen at Dongjeom, Sangchangmyeon, Samch’eok-gun,
and several other places, there appears to be some difference in the bedding plane
at the point of actual contact, but no place is known where the base of the P’yeon-
gan system lies on the Chikunsan shale. The Tsuibon limestone between them
always measurcs 50 m or so. Therefore there is no uncertainty about the para-
unconformable relation between the Korean and P’yeongan systems.

The P’yeongan system is classified into the Hongjeom, Sadong, Gobangsan and
Greenstone (Nogam) series in ascending order. The Hongjeom (Koten) series here
differs from that in North Korea in the frequent occurrence of conglomerate or
conglomeratic sandstone in the basal part (see Fig. 6 of PL II). Several layers of
limestone are intercalated in its lower part. The thickest limestone layer attains
60 m in thickness ncar Yeongweol. While sandstones and shales are variegated in
this series, black color is predominant in them in the Sadong ( Jido) series and espe-
cially in its upper part. The lower Sadong or the Taiyuan series contains limestone
layers and lenses. The two series are especially thick near Yeongweol where lime-
stone facies is well developed. The upper Sadong or Shansi series is the main coal-
bearing formation. In marked contrast to the Sadong series cliff-forming light-
coloured quartzite and quartzose sandstone are prevalent in the Gobangsan (Koba-
san) series. Thin coal seams are found therein and shales are intercalated in these
quartzose beds. The Greenstone (Nogam) series is a formation of tremendous thick-
ness and consists in the main of frequent alternations of green or grey coloured
sandstone and shale, but conglomerate and liparitic flows or tuffaceous beds are
sometimes intercalated.

The Hongjeom series is 200 to 300 m thick, the Sadong 100 to 450 m thick, the
Gobangsan 300 to 700 m thick and the Greenstone series is over 2,500 m in thickness
in the vicinities of Kariwangsan and Pongdugonnisan. Although the Greenstone
series is barren of fossil, the three others are fossiliferous. Plants were described by
Kawasakr (1927, 1934, 1939) jointly with Kon~no (1932) in part. Foraminifers
from the Hongjeom and Sadong series were studied by HaTat (1939), and a few
naiads, a xiphosuran and a phyllocarid were described by KoBayasnr (1933, 1937).
The others have not yet been thoroughly investigated, but in a preliminary ob-
servation YosmmMuRA (1940) noted that the marine Hongjeom fauna is allied to
those of the Penchi series in North China as well as the Weining series in South
China and that its age must therefore be Moscovian. The marine fauna of the
lower Hongjeom shows affinity to those of the Taiyuan series in North China and
the Maping series in South Chinaj its age is therefore Sakmarian. No Uralian
fossil was found either in the Hongjeom or in the Sadong series. Nevertheless no
stratigraphical break can be seen between the two series. The Sadong and Gobang-
san floras are quite different from cach other and different opinions have been ex-
pressed on their ages. My opinion is that the principal part of the Sadong flora is
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about Artinskian to Kungurian and that the Gobangsan flora is accordingly mostly
Kazanian to Tatarian in age (1952).

The Hongjeom and the Taiyuan series are marine. Subsequent to the retreat of
the Sakmarian sea the main coal measures were deposited, in a warm and humid
climate, in the Shansi epoch. The Cobangsan series is a deposit in a warm and arid
inland climate. The aridity became higher in the Greenstone epoch and the
Greenstone series is a deposit in a barren land. The great thickness of the Green-
stone reveals geosynclinal subsidence. The P’yeongan system is more than 4,000
m at its thickest and more than half of the thickness is occupied by the Green-
stone series. Subsequent to its sedimentation the geosyncline suffered its primary
deformation. In Korea there is no angular discordance in the Palacozoic sequence
which indicates either the Caledonian or the Variscan orogeny.

Through the deformation of the middle Triassic Songnim phase the Okch’eon
geosyncline was differentiated into an embryonic anticline and a syncline respect-
ively onits northwestern and southeastern side. These folds were gentle but probably
in the form of an anticlinorium and a synclinorium. The depression of the latter was
the Bansong lake where the Bansong series, a member of the Daedong group, was
deposited. It consists of shale, sandstone and conglomerate in addition to some
lava flows and thin tuff layers. Conglomerates are common in the lower part but
recur near the top at in few places. Volcanic materials are found at Bansong,
Sangdongmyeon, Yeongweol-gun and a few other places. Though there are andes-
itic or basaltic rocks, liparite is more common. Although there is some red quart-
zose sandstone in the Bansong series, sandstone is generally gray or bluish in color.
Shales are commonly dark red and poor coal seams intercalated in them. Plant
fossils occur in several places in the shale and sandstone and are described by
Kawasaxr (1925, 1926, 1929). The flora is of the so-called Rhaeto-Liassic type and
includes Clathropteris meniscoides as a member of the Dipteridaceae. Naiads from the
Bansong series have not yet been closely studied.

Within the triangle with Jeongseon, Yeongweol and Uiimgil at its apices the
Bansong series is 400 m at its thickest. Incidentally it overlies various formations
from the Gobangsan series to the Tomkol shale. Clino-unconformity at the base of
the Bansong series was observed at Namjeongni, Sangdongmyeon by YosuiMura
(1940) and at Manjidong, Yeongweolmyeon by Iwaya (1952), but in most other
places the base is marked off by disconformity. The basal plane is somewhat un-
dulated at Want’acksan and some other places, but it is generally even. The thick-
ness of the basal conglomerate, the rock kind, shape and size of the boulders of the
conglomerate and the relation of the conglomerate to its basement vary greatly
within the triangular area. From these variations the following facts are deduced:

(1) The Korean and P’yeongan groups were gently warped up and down in
the first Songnim phase.

(2) The P’yeongan group and the upper Korean group were extensively
eroded, but the Korean group was capped by the P’yeongan at many
places.
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(3) Subsequently there took place a wide down-warping in the second Song-
nim phase through which the Bansong lake came into existence.

(4) Sediments transported from the surrounding mountains by rivers were
deposited and the basal conglomerate was formed.

In the Tanyang district to the southwest of the triangular area the Bansong
series is much thicker. According to KoBaTake (1942) the lower conglomerate
measures 350 m and the upper alternation of sandstone and shale 2,000 m at the
thickest. In the Mun’gyeong district farther to the southwest the thickness of the
lower conglomerate varies from 70 m to several hundred meters and that of the
upper alternation attains 1,000 m.

Limestones are seldom found in the basal conglomerate of the Bansong series.
Their occurrences are restricted to a few localities. All other materials of the series
were derived from the P’yeongan group. No gneiss is contained in it. It is therefore
certain that the mountains surrounding the Bansong lake were composed mostly of
the P’yeongan group. While the lower conglomerate was supplied from the rugged
mountains after the Songnim phase, the great thickness of the upper alternation
shows the strong subsidence. The complex geologic structure was produced later
by the Taebo disturbance.

The Silla series is a basin filling on the already deformed Okch’eon zone. It is
distributed from the northeast side of Taepaeksan toward Samch’eok along the
Japan Sea. In the southern part it is most extensive from Hwangjiri, in Sangchang-
myeon, to Sodalmyeon and is divided by Suiraxr (1940) into the lower or Cheok-
kakni beds and the upper or Kogi beds. The lower division is a red formation com-
posed of conglomerate and sandstone, the former being more predominant in its
lower part and the latter in its upper. Boulders in the conglomerate which were
derived from its basement are round and commonly about 12 cm across. False
bedding is frequently seen in the sandstone. Red shales are intercalated in the
beds. At Hwangjiri there is a red conglomerate at the top of the division, the
cementing material being tuffaceous. This division measures 250 m at the thickest,
but its thickness at some places lessens abruptly to about 60 m. It covers a very
uneven erosion plane of the Greenstone and older formations discordantly. The
Kogi beds are mostly composed of white tufl and bluish white tuffaceous shale and
attain a thickness of more than 250 m. At Simp’eori in Sodalmyeon there is a black
shale layer near the base which yielded Zamites sp. The Silla series is undulated
with a dip of 5 to 25 degrees, seldom inclining more steeply.

According to K. KoBavasui (1947), the Silla series in Millomyeon in the north-
ern part is variable in facies. At Tomap’yeong there is white tuff in the lower part,
coaly shale with coal seams in the middle, and alternations of tuff and dark green
basaltic flow in the upper part. At Kwangch’eonni there are basaltic flows in the
lower part and tuff and reddish purple conglomerate in the upper part. At Sam-
geori a basaltic flow lies on reddish purple conglomerate. It was further noted that
the discordance at the base of the Silla series was not very angular there. The above
mentioned basaltic rocks are mostly subaqueous lavas of olivine metabasalt.
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Tomap’yeong liparite which intrudes into the Silla series contains numerous
xenoliths derived from the basement formations including the basalt.

The Samch’eok Neogene extends farther to the northeast. On the west side of this
basin it begins with talus debris covering a straight limestone cliff, but it overlies
the Tomap’ycong liparite in the south and the Korean group on the southeast side
with unconformity. The series in the southwestern part consists mostly of fanglome-
rate derived from the liparite, the gravels of which are largest at Sangt’otunni.
Toward the opposite side it merges with alternations of sandstone and conglomerate,
Clayey facies is developed farther to the northeast where diatomaceous earth is
intercalated. This facies yields Carpinus japonica BLUME., Quercus cfr. drymeia UNGER.
and Trapa cfr. yokoyamai NATHORST besides indeterminable Acer, Fagus, Sequoia
and other plants and Viviparus and Anodonta. The age of the Samch’eok series may
be late Miocene. There are coastal and fluviatile terraces of younger age.

Besides these there are various igneous rocks. Southwest of the Samch’eok dis-
trict there is a granitic mass of Ch’continsa which is composed mainly of biotite
granite. Similar granite in addition to granite-porphyry and quartz-porphyry is
known to exist also to the north of Samch’eok and on the northwest side of the
Chungbongsan block.

In the south wing of the Packunsan syncline there is hornblende-biotite granite
near Imongni, Sangdongmyeon. At Op’yeong, Sangchangmyeon to the east there
is granite-porphyry intruding into the Korean system. Farther east there is a diorite
mass to the south of Yeonhwabong which intrudes into the Jangsan quartzite and
granite gneiss and forms contact deposits in the limestone above the quartzite.
Granite-porphyry east of Myeonsan forms a long belt, and it was ascertained in its
NNW extension that it intrudes into a fault. West of this zone there is white quartz-
porphyry or liparite of Paekpyeongsan with a flow structure. Its distribution is
related to that of the Silla series and its lithic aspect is similar to the liparite of
Tomap’yeong. Quartz-porphyry of Poktoksan in Taltcongmyeon is reddish gray
and reveals a porphyritic structure. It intrudes into granitic gneiss and, in associa-
tion with the Cheokkakni conglomerate, is cut by a N-s fault. Quartz-porphyry of
Paekpyeongsan on the other hand did not suffer from any block movement.

In addition, biotite-hornblende granite is found south of Jeongseon, and biotite
granite near P’yeongch’ang. Granitic rocks are more extensive in the Tanyang and
Mun’gyeong districts. There are also various dykes of lamprophyre, felsite, quartz-
porphyry, porphyrite, basalt and trachybasalt all of which came after the Tacbo
disturbance. The conclusion is warranted that a part of them, the quartz-porphyry
of Poktoksan and Tomapyeong liparite, for example, are nearly contemporancous
with the Silla series. Judging from the general history of South Korea the majority
of the acidic rocks are thought to belong to the late Mesozoic Pulgoksa igneous
group, though there may be some Tertiary igneous rocks.
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4. Geologic structure of the Kangweondo limestone plateau

The Okch’eon orogenic zone is, as mentioned already, divisible into two parts
near Ch’ungju and Mun’gycong, namely, the metamorphosed southwestern part
and the non-metamorphosed northeastern part. While the late Mesozoic granitic
batholith is extensive in the former, the exposure of the batholith is restricted in
the latter. There is a great limestone formation in the latter and on the Chungbong-
san block. Accordingly karst topography is well developed in the limestone plateau.
The Okch’eon zone in the western part of the plateau is about 40 km in breadth
from northwest to southeast and reveals a typical imbricated structure. In the
eastern limestone plateau the breadth measured from north to south is expanded
toward the east, because the southern margin of the limestone plateau swerves
toward the east and then toward the southeast. In the northeastern terminal part
the P’yeongan system forms a large synclinorium of Pongdugonni where the best
display of the Greenstone series is secen. On the southeast side of this synclinorium
there are some domes, the largest being the Chungbongsan dome where the Pre-
Cambrian basement is extensively exposed. A gentle brachyanticline through
Hwaamni and Muniingni has a northeast axis. The Jeongseon imbricated zone is
located on the south side of the Pongdugonni synclinorium and on the west side of
the Chungbongsan dome and of the brachyanticline of Hwaamni and Munungni.

To the west of this imbricated zone there is the Yeongweol anticlinorium which
terminates near Sambangsan in the north. On the northwest side beyond this an-
ticlinorium there is the P’yeongch’ang zone. The Yeongweol anticlinorium is highly
complicated by numerous thrusts. It is limited by the Kongsuweon thrust on the
southeast side (see Fig. 2 of P1. II). The zone between this thrust and the 7eokp’ori
thrust which is the most complicated, is the Jeongseon zone which expands north-
casterly but narrows in the other direction.

Between Tanyang and Mun’gyeong there is the granite mass of Toraksan and
Chuhtisan. Though interrupted by them, the correlation of the tectonic elements
on the two sides of the mass may be ascertained with some degree of certainty. The
middle zone of Mun’gyeong district which is called here the Mun’gyeong zone is
considered to correspond to the Jeongseon zone. The Mun’gyeong zone is thrust
upon by the Okch’eon metamorphic group of the northwestern zone and thrusts
itself upon the Sin’giri zone on the southeast side. The pre-Taebo formations in the
last-mentioned zone is as a whole monoclinal toward the northwest and in most
places separated from the Pre-Cambrian rocks of the Yeongnam massif by the
Cheomch’on fault.

In the Tanyang-Yeongch’un district the monoclinal Korean system lies on the
Pre-Cambrian basement discordantly. This is undoubtedly the extension of the
Sin’giri zone which, however, virgates into a series of folds and thrusts to the north
of Madaesan. An eastern branch of this virgation is the Packunsan syncline, the
axis of which is in its western half convex toward the north with Tuwibongsan
(Tsuibonsan) as its front, but in the eastern half the convexity is on the other side
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2 Kangnung (Koryo)

3 Palwangsan (Hatsuosan)
4 Puksilli (Hotokonri)

5 Kariwangsan (Kariosan)
6 P’yeongch’ang (Heisho)
7 Chuch’eonni (Shusenri)
8 Jeongseon (Seizen)

9 Ch’angni (Sori)

10 Yeongweol (Neietsu)

the Kogeodo metamorphics

limestone
Plateau

11 Chech’eon (Teisen)

12 Ch’ungju (Chushu)

13 Yeongch’un (Eishun)

14 Tanyang (Tanyo)

15 Chuhulsan (Shukitsusan)
16 Mun’gyeong (Bunkei)
17 Uiimgil (Girinkitsu)

18 Tuwibong (Tsuibon)

19 Madaesan (Bataisan)

20 Sobaegsan (Shohakusan)

21 Chungbongsan (Chuhosan)
22 Unbongsan (Yohosan)

23 Hambaeksan (Kanpakusan)
24 Hwangjiri (Kochiri)

25 Taebaegsan (Taihakusan)
26 Samch’eok (Sanchoku)

27 Yeongyang (Eiyo)

28 Yeonghae (Neikai)

a P’yeongch’ang (Heisho) fault

b Maehwadong (Baikwado) tectonic line
¢ Chodongni (Chodori) tectonic line

d Hambaeksan (Kanpakusan) fault

A Pongdugonni (Hotokonri) synclinorium
B P’yeongch’ang (Heisho) zone

C Yeongweol (Neietsu) anticlinorium

D Jeongseon (Seizen) zone

E Sin’giri (Shinkiri) zone

Fig. 6.

e Osipch’eon (Gojusen) shattered zone
f N. Yeongyang upthrust
g W. Yeongyang fault

F Okch’eon (Yokusen) metamorphosed zone
G Paekunsan (Hakunsan) syncline

H Chungbongsan (Chuhosan) block

I Taebaegsan (Taihakusan) block

J Yeongyang (Eiyo) fault angle basin

Tectonic Map of the Kangweondo Limestone Plateau.
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and in the east of Hambaeksan the syncline is cut by the Hambaeksan fault. On the
north side of this part of the large syncline there is the complicate structural basin of
Ungbongsan. Its southern and eastern borders reveal a typical Schuppenstruktur. The
Korean system there from to Samch’eok in the north is not much deformed. It is
gently undulated and cut by faults.

The block movement is very strong on the eastern side of the Hambaeksan fault.
In the zone between this fault and the coast of the Japan Sea there are many faults
in NE-SW, NNE-ssw, and N-s directions. Some faults run in an ENE-Wsw or even E-W
direction. The zone to the east of the Hambaeksan fault has thus suffered from the
complicated block movement strongly. The faults are by no means all parallel to
one another nor do they run along the Korean arc as noted by Koto. The
Pre-Cambrian basement is exposed along the coastal line.

In the vast terrain on the west side of the Hambaeksan fault, however, most of
the faults cutting the folds or thrusts are insignificant. However, there is a large
fault running in a NNE trend to the east of P’yeongch’ang. The northern part of
this fault forms the boundary between the P’yeongch’ang syncline on the west and
the Chodongni basin of the Pongdugonni synclinorium s. /. on the east side, and its
southern prolongation bisects the Yeongweol anticlinorium. On the northwest side
of the fault are the Songbong upthrusts with an ENE trend. Beside those, faults
running in a Nw to wNw direction are found in some places. These are minor faults
but the Chukyeong fault in the Tanyang district is a significant one. On the south
side of the western Paeckunsan syncline is the Oktong fault in the E-w direction.

The Korean and P’yeongan systems are widely distributed, but the Greenstone
series is restricted to the northeastern and eastern parts of the plateau. The Bansong
series occurs in the Jeongseon imbricated zone and its southeastern adjacence. The
distribution of the Silla series is confined to the east side of the Hambaeksan fault,
and the Neogene to the vicinity of Samch’eok.

a. Mun’gyeong (Bunkei) district (Figure 7)

This part of the Okch’eon orogenic zone is embraced by granite on the northern,
western and southern sides. In the northwestern part of the district there is the
Sangnaeri thrust group and the Seokhycon thrust group on the other side. By these
groups of thrusts the area is divided into three belts. The southeastern belt called
Sin’giri zone consists of the Korean and P’yeongan groups and the Bansong series.
The first of the three is overlain by the second para-unconformably and the second
by the third disconformably. These formations are monoclinal in general, but
near the Mun’gyeong coal mine, the structure is complicated at some places in
the northwestern part of the belt. It is a remarkable fact that the Hongjeom
series thrust itself on the upper Korean group over a distance of more than one km
near Weondong. In the northern part of the zone the Korean group is found to
overlie the Pre-Cambrian basement on the southeastern side, but in the southern
part the two are separated by the Cheomch’on fault. The Taepacksan series there
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Fig. 7. Geological Map of Mun’gyeong District.
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consists mostly of biotite schist and quartz mica schist with thin layers of quartzite
and crystalline limestone intercalated.

The middle belt is the AMun’g yeong zone which is mostly composed of the Korean
group, but there are in addition a small brachysyncline of the Bansong, Sadong
and Gobangsan series near Tot’amni, a narrow strip of the Greenstone series of
Pongsaengdong and a few other strips of the Ongnyeobong formation of unknown
age. In the so-called Pongsaengdong quartzite formation red or dark brown
slate and dark brown, partly green, sandstone are leading members, only a
relatively small amount of quartzite being found. Smirakr (1934) considered
the formation to be Upper Cambrian, but KoBayasnr and Aotr (1942) are of the
opinion that it belongs to the Greenstone series (inclusive of the T aejaweon series
in North Korea), if not to the Bansong series. The Ongnyeobong quartzite forma-
tion which SHIRAKI referred also to Upper Cambrian is composed chiefly of red
shale and partly of red or dark blue sandstone. As it is similar to the Hongjecom
series in its lithic aspect, it probably belongs to the P’yeongan group, if not to the
Bansong series.

The Paekhwasan zone on the northwestern side is composed mainly of Okch’con
metamorphic rocks with sheets of gabbro among them. They are capped by the
lava of Paekhwasan liparite. NAKAMURA took the Okch’eon for a Pre-Cambrian
formation, but the thick limestone in the Okch’eon system can be referred to the
Korean group, and its conglomerate-bearing formation to the Bansong series. Most
of the remaining part of the formations can be regarded as the metamorphosed
facies of the P’yeongan system. The Packhwasan zone reveals an imbricated struc-
ture which is beheaded by a flat erosion plane which is in turn covered by the
liparite flows of Packhwasan.

b. Tanyang-Yeongch’un (Tanyo-Eishun) district (Figure 8)

Like the Mun’gyeong district, the Tanyang-Yeongch’un district is located on
the southeastern side of the Okch’eon orogenic zone. In the northeastern extension
of the Sin’giri zone the Korean system lies on the Pre-Cambrian basement. Near
Kun’gan’u, west of Yeongch’un, the P’yeongan system comprises the Greenstone
series at its top. These formations are monoclinal toward the northwest and thrust
by the Korean system along the Teokp’ori thrust (i. e. KoBaTAKE’s Songhyeon
thrust near Tanyang, 1930). Near the thrust the Hongjeom series thrusts itself on
the Gobangsan, forming a small Kich’conni thrust sheet. The Sadong on the
Hongjeom series shifted itself by sliding along its basal plane and is overlain by the
Gobangsan series. The Kich’conni thrust sheet, however, tails out beneath the
Teokp’ori thrust sheet.

The middle belt between the Songhyecon and Pyeolgongni thrusts consists mainly
of the upper Korean system and the Bansong series and partly of the Hongjeom
and Sadong series. At Tuamsam in the south of Tanyang the Sadong comes in
direct contact with the Korean beneath the P’yeongsan system. This sliding line is
traceable to the northeast of Tanyang and is called the Kosuri thrust by KOBATAKE.
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Such sliding is frequently seen in the Jeongscon imbricated zone. Breccia occurs
occasionally along the sliding plane; clayey rocks in a sheared zone become phyl-
litic. It is difficult to say whether the superjacent formation slipped up or down,
when sliding occurred between the younger formation above and the older below.
Therefore it is wise to distinguish such sliding from the thrusting of the older forma-
tion on the younger in general. To the west of Kosurihyeon sliding the thrusting of
the Korean system upon the P’yeongan can be seen at Hyeonch’eonni and Kosuri.
This is the principal thrust and an auxiliary one is found at Hyeonch’conni within
the Bansong series.

This Bansong series is thrust upon by the great limestone formation on the north-
west side along the Pyeolgongni thrust in the northeastern terrain. West of Tan-
yang there are Klippen of quartzite of unknown age lying on the Pyeolgongni thrust
sheet. The area farther west has not yet been surveyed in detail. The imbricated
structure above mentioned is cut by the Chukyeong fault with a wNw trend, along
which the southwestern block is shifted to the southeast.

The area between Songhyeon and Yeongweol has not yet been thoroughly
investigated. But it is quite probable that the Pyeolgongni thrust joins with the
Kongsuweon thrust. SHIRAKI’s reconnaissance revealed that the Songhyeon belt
tails out on the west side of T’achwasan and then the Kongsuweon thrust occurs.
The Songhyeon belt is mostly composed of the Bansong series and beneath it the
Sadong series and the great limestone formation are exposed to a small extent. The
imbricated structure is cut by a fault through Teokch’eonni and Yeonch’eonni.
A large dyke intruding along the fault is prolonged for a long distance in the direc-
tion slightly west of north. In the eastern part of the district there is a granite mass
of Yongsangni, Kakokmyeon, near the boundary between the P’yeongan and
Korean systems.

c. Yeongweol (Neietsu) anticlinorium (Map 1)

The Kongsuweon thrust extends to the northeast from Weolgok, west of T ae-
hwasan. To the west of the thrust there is the Yeongweol anticlinorium which is
about 27 km broad between Yeongweol and Chuch’eonni. Only the part of the
anticlinorium to the north of the Hangang river has been thoroughly investigated.

The Hongjeon and Sadong series are found above the great limestone formation
in its eastern wing but the rest of the anticlinorium is mostly composed of the
great limestone formation, and the Sambangsan formation beneath the great
limestone crops out in the north. The Bansang formation at Weolgok is an excep-
tional occurrence on the anticlinorium.

The anticlinorium is at present bisected by the P’yeongch’ang fault into the
eastern-central and the western part. On the west side, the anticlinorium is limited
by the Teokp’ori thrust near Chuch’eon. But when this thrust is traced to the north-
east, the Yoengbongjong thrust appears beneath the Teokp’ori thrust sheet, which
is cut by the P’yeongch’ang fault. Beyond this fault there is the Sangni thrust
which describes the northern outline of the anticlinorium, and the anticlinorium
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1. Chuchwari (Shuzari) thrust 14. Kongsuweon (Kosuin) thrust
2. Songbong (Shoho) thrust 15. Teokp’ori (Tokuhori) thrust
3. P’yeongch’ang (Heisho) fault 16. P’yeonganni (Heianri) thrust
4. P’yeongch’ang (Heisho) 17. Cheongsandong (Teijido) Klippe
5. Tun’jon (Tonden) synclinal basin 18. Jeongseon (Seizen)

6. P’anunni (Banunri) fault 19. Mungogni (Bunkokuri)

7. Sambangsan (Sanposan) 20. Mt. Chomok (Roboku)

8. Sangni (Jori) thrust 21. Surich’i (Suriji) tectonic line
9. Changni (Sori) 22. Chodongni (Chodori) fault
10. Namaeri (Nangairi) thrust 23. Uiimgil (Girinkitsu)
11. Mohari (Chikari) thrust 24. Bansong (Bansho)
12. Mach’ari (Masari) thrust 25. Yeongweol (Neietsu)
13. Ryullichi (Ritsuriji) fault 26. Oktong (Gyokudo) fault
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itself is thrust en bloc upon the Chodongni basin on the north side. Among the
thrusts within the anticlinorium the most important is the Machari thrust which
cuts the castern central part into inner and outer sections and runs along an arc
inside the arcuate Sangni thrust. The outer part consists of the formations from the
Sadong series to the Wagok formation which are folded and cut by thrusts at some
places. The main coal measures of the Yeongweol coal ficld are found in the
upper Sadong along the Machari thrust, which is compressed by thrusting, and
form pockets in places. The P’yeongan system along the thrust is monoclinal but
virgates toward the south into folds of different magnitudes, the western one being
cut by the Ningdong thrust. To the east of the Yeongweol coal ficld there is a syn-
cline with the Hongjeom series lying along its axis. Its two wings consist mostly of
the great limestone formation. This syncline and the anticline on its west side are
neither a simple syncline nor a simple anticline but rather a synclinorium and an
anticlinorium by themselves and the principal axes of their folding are either
vertical or inclined to the east. The synclinorium is cut obliquely by a hinge fault
called Ryullichi.

The central part delimited by the Machari thrust on the northern and eastern
sides, and by the P’yeongch’ang fault on the western side, is composed of a great
limestone formation except for the northern rim where the Sambangsan formation
exists. There is a series of thrusts with intervals of 500 to 1,000 m. The thrust planes
are usually slanted steeply to the west or south.

It is probable that the Sangni thrust to the cast of the P’yeongch’ang fault cor-
responds to the Yeongbongjong thrust to the west of the fault because the Gobang-
san series of the Kariwangsan syncline extends to the southwest beneath the Yeong-
bongjong thrust sheet. The Machari thrust on the cast side of the P’yeongch’ang
fault virgates into a set of thrusts, called the first, second and third Cheonggok
thrusts, cach of which describes an arc. Inside the arc there are the Sambongsan
formation on the outer and the great limestone formation in the inner side, as they
are in the Machari thrust sheet. The great limestone formation extensive in the
interior of the Cheonggok thrust is folded and probably thrust upon repeatedly,
but the details of the structure are difficult to decipher because the formation is un-
fossiliferous.
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d. P’yeongch’ang (Heisho) zone

Because the grade of metamorphism becomes higher farther in the west, the
formations of this zone are barren of fossils. Accordingly their sequence and struc-
ture are not well known. It is, however, certain that there is a brachysyncline with
the axis inclined southeasterly because the horseshoe-shaped Tunjeon phyllite zone
is found to the north of Chuch’econni. To the west of P’yeongch’ang it can be seen
that the Pre-Cambrian basement is thrust on the Tunjeon phyllites on the west
side along the Chuchwari thrust line. The Songbong schist on it dips to the east or
southeast.

In this area this thrusting was followed by another through which the north-
western block was repeatedly thrust up on the other side along the Songbong thrust
and also along an unnamed thrust south of Chuchwari, both striking ENE. To the
northeast of Chuch’eonni there is the P’anunri fault with an ENE strike. There is a
granite mass to the southwest of P’yeongch’ang but the relation of its intrusion
to the thrusting or faulting is indeterminable because there is no place where any
of the faults or thrusts is in contact with the granite mass.

e. Kariwangsan (Kariosan) and Chodongni (Chodori) basins

After his geological reconnaissance, NakamMura (1924) showed that the Green-
stone series, 7. e. his Pongdugonni formation, forms a large complicated syncline
with Palwangsan as its center. This is the Pongdugonni synclinorium. The Pal-
wangsan basin occupies the large central part, but little is known of this basin ex-
cept its eastern and southern distal parts. To its southeast there is the Kariwangsan
basin, and the Chodongni basin to the southwest of the Kariwangsan basin. The
P’yeongan system forms the triangular Chodongni basin with Nambyeongsan as its
northern apex and is thrust up by the Yeonsweol anticlinorium. The western edge
of the triangle is delimited by the P’yeongch’ang fault except for its extreme south-
western part which extends beyond the fault toward Chuchwari, as mentioned
above.

The Kongsuweon thrust marks the southeastern boundary of the Yeongweol
anticlinorium, and the Mindunsan thrust which branches off from the Kongsu-
weon thrust marks the southeastern boundary of the Kariwangsan basin. Between
this and the Sangni thrust there is a highly complicated structure near Changni.
According to Nakazawa there is the P’yeonganni low angle thrust in the southern
part of the Kariwangsan basin, to which the Cheongsandong Klippe belongs. In
this vicinity there are Nw faults by which the terrain is divided into small horsts
and grabens.

f. Jeongseon (Seizen) imbricated zone

Between the Mindunsan-Kongsuweon thrust and the Teokp’ori thrust there are
several thrusts virgating toward the northeast. In consequence the zone is divided
near Jeongseon into several subzones. The complicated imbricated structure is
found not only in the zone but also in the southeast beyond the Teokp’ori thrust as
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far as the vicinity of Uiimgil. It is a general tendency for these thrusting sheets to
become isoclinal folds further to the south. It is often seen that the Bansong series is
thrust up by the great limestone formation, but in the environs of Jeongseon the
limestone formation thrusts itself sometimes upon the P’yeongan system. Where
the calcareous formation is thrust upon these non-calcarecous ones, the tectonic
lines are clear and easily traceable.

Between the Taekp’ori and Machwadong thrust the Bansong series overlies the
P’yeongan system in the south and the great limestone formation in the north. This
P’yeongan system is located in the western extension of the Packunsan syncline and
repeats isoclinal folding with a NE axis between the thrusts. These folds die out near
the Hangang beyond which there is the monocline of the Sin’giri zone in the
Yeongch’un district. Judging from these facts it is known that the western part of
the embryonic Paekunsan syncline was isoclinally folded by the diagonal compres-
sion which formed the Jeongseon imbricated zone. To the south of the isoclinal
zone the Korean system is cut by the equatorial fault of Oktong which in turn is
cut by the Yaehwadong tectonic line (see Fig. 1 of P1. II).

g. Paeckunsan (Hakuunsan) syncline

The above mentioned isoclinal folding is confined to the west of the Maehwa-
dong tectonic line. It is a normal fault in the south but soon becomes a thrust
toward the north. To its east there arc a few thrusts at intervals of 4 to 5 km. There
the axis of the Paeckunsan syncline describes an arc convex to the north. The
granitic masses of Imongni and Op’yeong are located on the south side near the
western and eastern ends of the arc. There is a fault on the north and west sides of
the Imongni mass.

Between the P’yeongan and Korean systems on the northern wing of the syncline
there is the Chodongni thrust which is cut by the Machwadong and Surichi thrusts
with a NE strike.

To the east of Op’yeong the axis of the syncline describes another arc convex to
the south and its eastern side is shifted to the south for 3 to 5 km along the Ham-
backsan fault. There the axis is inclined to the west. Accordingly the syncline
narrows to the cast at Myeonsan, but there is a subsided block farther to the east of
Seokp’oni where the Korean system recurs. It is cut by faults on the northern and
northwestern sides.

h. Chungbongsan (Chuhosan) block

The Pre-Cambrian complex of the block except for a small part has not yet been
closely investigated. Near Uiimgil the Machwadong thrust joins with the Cho-
dongni thrust. The triangular corner of Uiimgil outlined by the two thrusts oc-
cupies the southwestern corner of the block. There can be seen a typical Schuppen-
struktur of the Korean system which has been worked out by Iwaya (1940). The
system, however, becomes gently undulated to the east where a gentle anticlinal
axis runs through Hwaamni and Muniingni. This principal axis is crossed almost
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rectangularly by auxilliary axes and the Pre-Cambrian rocks of Muntingni are ex-
posed at their intersection. The Surich’i tectonic line running along the principal
anticlinal axis is a normal fault with the downthrow on its west side, but it becomes
an upthrust toward the ecast in its southern part where it crosses the Packunsan
syncline. In the eastern wing of the above mentioned anticline there is a low angle
thrust which is seen within the lower great limestone formation. To the north of
Cheongansa there is a thrust toward the south within the P’ycongan system in the
northern wing of the Packunsan syncline. To the east of the Hambacksan fault
there is the Ungbongsan structural basin, and the Schuppenstruktur in its south-
castern border is more typical than that in the Uiimgil area.

Like the Chodongni tectonic line to the west of the Hambaeksan fault, the
Hwangjiri fault marks the boundary between the northern and southern terrains
along which the northern block was thrust up towards the south in the Taebo
disturbance. In this thrusting block, however, there was a ditch which later devel-
oped into the Osipch’eon shattered zone. There numerous small thrusts developed
toward the ditch from the eastern and western sides, forming the Schuppenstrukturen.

i. Samch’eok—Kangnung (Sanchoku—Koryo) district

Between Samch’eok and Kangnlng there are the greatlimestone formation and
the P’yeongan system up to the Gobangsan series. The former formation is more
extensive in the south and the latter system in the north. Near Okkye the great
limestone formation apparently repeats its thrusts several times to the southeast or
southwest. On the southeast of Kangniing the P’yeongan system is folded with
northeast axes and cut by strike faults. Beside them there are significant faults with
a northwest trend on the southwest side of Kangnling and with a NNw trend on the
northwest side of Samch’eok. The terrain was intruded into by granite after the
block movement. The formations are frequently metamorphosed and quartz-
schist, clayslate and crystalline limestone are common among them. Beside quartz,
sericite, biotite, muscovite, and plagioclase, staurolite, sillimanite, kyanite, garnet,
cordierite, andalusite, almandite, hornblende, tourmaline and several other mine-
rals are present in them in various combinations. While staurolite, sillimanite,
kyanite, garnet and some others are products of dynamic metamorphism, andalu-
site, cordierite and a few others are products of thermal metamorphism. It is note-
worthy that there took place such a high grade of regional metamorphism (Suzuki,
1935). The bearing of this high metamorphism on the tectonics of the plateau is a
subject for future study.

5. Songnim (Shorin) disturbance and Bansong (Bansho) lake
(Fig. 10-14)

It was in the Songnim phase that the simple geosyncline of Okch’eon differen-
tiated into embryonic folds. It formed a lake in the subsiding arca where the Ban-
song series was deposited. Further complication was caused later by the Taebo
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disturbance. Because this structure is the final product of embryonic folding, the
embryo is very important in understanding the later development. It is, however,
very difficult to analyse the growth steps of the embryonic folding at the part where
the Bansong series is missing.

The series is aligned in several belts in the triangular area with Jeongseon,
Yeongweol and Uiimgil at their apices. YAMANARI (1926) once thought that the
belts of the series represented the valley fillings, but, as I have pointed out pre-
viously (1927), it is a lacustrine sediment, generally beginning with conglomerate,
and followed by alternating sandstones and shales in which poor coal seams are
intercalated. Subsequent to his preliminary survey I studied it in detail, first by
myself and later jointly with Yosnimura, Iwava and HisakosHr. As a result it was
thoroughly proven that the lacustrine formation is inserted in the imbrication.
Some nine or ten belts can be distinguished and are named from the northwest side
as follows:

I. Mudongji (Budochi) belt

II. Pibongsan (Hihosan) belt

ITI-1IT°.  The northern and southern Kyulamni (Kiganri) belts
IV. Sugalsan-Want’aeksan (Suikatsusan-Kwantakusan) belt
V. Kuiusan (Kiusan) belt

VI. Bansong (Bansho) belt

VII. Ungbong (Yuho) belt

VIII. Kwangbangni (Kohori) belt

IX. Songbong (Soho) belt

The belts are nearly parallel to one another and extend from northeast to south-
west. For purposes of lattice analysis I have drawn on the geological map eleven
lines (a-k) nearly perpendicular to the belts and schematized the detailed observa-
tions at their intersections. Because the sequences of the Bansong series at these
points record the geological events which took place there, it is possible to figure
out local variation in the events which occurred in the surrounding areas and
affected the sediments.

The succession of the series and the relation to its basement can be observed
precisely at the cross points in the lattice with special attention paid to the vertical
and horizontal variations in the grain size of the sediments. The lateral variation in
the grain size shows the source of the sediment, while its vertical variation indicates
a change in the power of transporting material from the mountains to the lake,
assuming that precipitation was constant through the Bansong epoch.

The series is about 400 m at the thickest part within the triangular area. In most
places there is the basal conglomerate, and sandstone and shale beds above it. Con-
glomerate found at the point Vj at the top is an exception. Judging from the con-
glomerate the topography was very uneven in the early Bansong stage, but later
the summit was dissected and probably the lake expanded. It is probable that the
lake finally shrank and that erosion again took place. The Bansong series reveals a
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cycle of sedimentation, although it is difficult to say whether the coarse rocks
were accumulated in the final stage or whether they were eroded out.

Lavas and tuffs some of which are basaltic or andesitic but others of which are
liparitic were found in different horizons at several points, ITh, IITh, IVf, h-i, Vh-i,
VIa and IXg. The last two of these points are isolated and the center of the area
where the volcanic material is mainly distributed is located somewhere between the
points ITIg and IVg, although neither volcanic vent nor fissure has ever been dis-
covered. A few xenolithes of purple shale which are thought to have been derived
from the Hongjeom series, are contained in a liparitic flow at Yangsansa in the
Pibongsan belt.

The conglomerate in the lower Bansong is thickest at the point Vj where it
measures 140 m. The next thickest points are at IVb and IXe. The conglomerates
at many other points are fairly thick, but absent at the points IIh, IIIh, IVh-,
VlIc-d, VIIf and VIIIc-d. These places where the conglomerate is not found may
reasonably be considered to have been either off-shore or the place which was
flooded when the lake submerged. The increase in the grain size on the other hand
indicates proximity to the land whence the sediment was supplied. In the Bansong
belt for example the thin conglomerate in the south dies out toward the north. The
conglomerate is very thick in the Songbong belt on its east side and also in the
Want’acksan belt on its west side. In the Kuiusan belt the change from the thick
conglomerate in the east to the fine rocks in the west is quite abrupt.

The reddish quartzite commonly seen in the Hongjeom series is the leading
member of the southern conglomerate, while the northern conglomerate comprises
fairly large amounts of white quartzite and quartzose sandstone typical of the
Gobangsan series. Most of the large gravels in the conglomerate measure 20 to 30
cm in diameter, but those of 60 to 70 cm are not rare. Colossal boulders of more
than one m are sometimes found near Mudongji, Want’acksan and a few other
places. On the north side of the Pibongsan belt there are also colossal boulders
which are found in association with small ones a few centimeters in diameter. These
are examples of typical deltaic facies. On the south side of the Pibongsan belt, how-
ever, the gravels soon become uniform in size, measuring 10 to 20 cm. The decrease
in their diameter as a rule keeps pace with the increase in their rounding and
sorting.

It is well known that while chemical dissolution is the most important factor in
the erosion process of calcareous rocks, most of the others are mechanically dis-
integrated. The mode of disintegration is, however, different between sandy and
shaly rocks and also between consolidated and unconsolidated rocks. The gravels
and cementing material of the Bansong conglomerate distinguish the hard and the
more easily disintegrated rocks of the mother land respectively. Angular blocks are
contained in limestone conglomerate or breccia at Puksilli and Machachi and their
sources must be close by.
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A close examination of the lateral change in the grain size of the conglomerate
and its components has shown that there must have been several mountain ranges
as follows:

1) A precipitous mountain mostly of the Gobangsan series to the north or
northwest of Pibongsan.

2) A high mountain composed of the Gobansan, Sadong and Hongjeom
series close to the east or northeast of Kiiusan.

3) A high mountain mostly of the Gobangsan series adjacent to the west of
Majon pass.

4) A mountain chiefly of the Hongjeom series to the west of the southern part
of the Want’aeksan belt which was especially high near Yeongweol.

5) Small islands of the great limestone formation near Ch’ori and probably at
Puksilli.

6) A mountainous land composed of the Gobangsan, Sadong and Hongjeom
series to the south or southeast of the Bansong belt was probably either far
removed from the lake or not very high but occupied an extensive area.

7) A mountainous land composed of these three series in addition to the great
limestone formation to the southeast of the Songbong belt.

8) Limestone cliffs near Machachi.

It is a remarkable fact that green siliceous sandstone typical of the Greenstone
series has not been found in the Bansong conglomerate. The Bansong series over-
lies various formations from the top of the Gobangsan series to the Tomkol shale
(see Table 4). The thickness of these formations inclusive of the two measures
1,300 to 1,500 m. Because the basement in the Bansong epoch was very gently
undulated except in a few places where the clino-unconformity is found at the base
of the Bansong series, the height from the bottom of the Bansong lake to the sum-
mits of the surrounding mountains was presumably about 1,500 m.

In the Songbong belt the base of the Bansong series is concealed by faulting. At
some places the series became para-autochthonous because of its basal sliding.
Except at Namjeongni and Manjidong where the clino-unconformable contacts
were found by Yosuimura and Iwava the series lies on the older formations dis-
conformably at most places. At Want’aeksan and a few other places the base of the
series is more or less uneven, but most other places it is even.

Because the P’yeongan system rests on the Korean para-unconformably, the two
systems must have been almost horizontal by the time of the Songnim phase.
Local folds through Namjeongni and Manjidong are exceptions and the basement
of the Bansong lake was very gently undulated in the rest of the area. Where the
Bansong series overlies the P’yeongan or the Korean system, the structure of the
basement was a basin or a dome respectively. To the south of the folds there must
have been a large basin of the P’yeongan system with the Gobangsan series at its
center. This basin was probably separated from the Paekunsan syncline to the east
by an anticlinal axis of Hwarari. To the northeast of the Namjeongni fold there
was another basin of P’yeongsan composed of the Hongjeom series. This was prob-
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ably separated by the Want’aeksan anticline of the upper great limestone forma-
tion from the synclinal basin of Sugalsan in the north which consists also of the
Hongjeom series. The Hongjeom terrain near Jeongscon was, however, not a
simple basin, because there was an anticline of Kyulamni composed of the great
limestone formation.

It is certain that the Want’aeksan anticline extended to the southwest, running
between the Yeongweol syncline on the west and the P’yeongsan and Kongsuweon
basins on the other side. The limestone was exposed extensively also around Song-
bong and Ungbong.

Thus the basement of the Bansong lake was composed of several structural basins
and domes aside from a few local sharp folds. The P’yeongan system was extensive
on the north and south sides and the great limestone formation in the central and
eastern parts. To the west of the Want’acksan syncline there was the Yeongweol
syncline composed of the P’yeongan system. In the central part of the Bansong
lake the basement formations were well leveled.

Bansong series I. Songnim warping of the first
phase and ensuing erosion
— Pyeongan group

Bl Cambrian system
T

2o

II. Songnim warping of the second
Pre-Cambrian basement phase forming the Bansong lake

Fig. 13. Songnim Disturbance in the Western Part of the Kingweondo Limestone
Plateau Analyzed into the Early and Middle Phases.

Because the structure of the basement disagrees with the outline of the Bansong
lake and the series overlies the great limestone formation extensively in the central
part, it is certain that the domes and basins in addition to gentle anticlines and
synclines and local minor folds were formed in the early Songnim phase. Subseq-
quently a gentle warping took place on a grand scale after which the Bansong
lake was formed in the subsided portion. The lake was bordered by rugged moun-
tain ranges on the northern, western and southern sides.
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Assuming that this area was compressed to a half of its original breadth from
WNW to ESE by the imbrication of the Taebo phases, the original structure of the
Songnim deformation and the outline of the Bansong lake can be figured out by
doubling the present breadth in the above mentioned direction (see text-fig. 12).

It seems to have been a tendency for the elevated or subsided part in the early
Songnim phase to subside or be elevated to some extent in the next phase, more or
less reciprocally. The Bansong lake is a product of down-warping in the latter phase,
while itssurrounding areaswhich were warped up became rugged mountains. There-
fore the Bansong series begins generally with a conglomerate. At that time there
were the Kiiiusan delta on the east side and the Majon delta on the west in the
northern part. To the south of the latter delta there was the Want’aeksan delta. On
the opposite side of the lake there was the Songbong delta. As a result of ensuing
subsidence the lake expanded, while the land was dissected by erosion. The sub-
sidence was accompanied by volcanic eruption. Toward the close of the Bansong
epoch came the final warping through which the topography was somewhat modi-
fied and erosion revived.

The Bansong series is distributed in the Tanyang district beyond the Hangang
river. According to KoBATAKE (1942), its lower part consists of reddish brown
conglomerate in the lower 170 m and bluish gray conglomerate in the upper 180 m.
The reddish brown conglomerate contains rounded boulders of over 30 cm in
diameter. Most of them are white quartzite and quartzose sandstone which were
derived from the Gobangsan series. Sandstone is the leading member in the bluish
gray conglomerate; a small amount of limestone is contained in the conglomerate
at Hyeonch’eonni. The upper Bansong series consists of alternations of sandstone
and shale which can be divided into three parts. White or bluish gray, medium
grained hard quartzose sandstone is the leading member in the lower 100 m or so;
the middle 250 m is composed mostly of black shale in which several layers of
sandstone and poor coal seams are intercalated. In the upper 60 m or so black shale
layers are imbedded in white quartzose sandstone.

The total thickness of the series attains 750 m at the maximum. Its basement is
mostly composed of the great limestone formation, but the Hongjeom and Sadong
series lie on it at some places. The Bansong series is generally slipped along its base.
To the south of the Chukyeong fault there is the sandstone and shale of the Bansong
series at Yongdusan, some 2,000 m in its apparent thickness, where it rests on the
great limestone formation at one place and on the Sadong series at another with
the sliding plane at the base.

In the Mun’gyeong district to the southwest beyond the granitic mass of Torak-
san and Chuhulsan, the Bansong series is mainly distributed in lunate form in the
western part of the Sin’giri zone, though there is a detached occurrence at Tot’um-
ni in the Mun’gyeong zone. In the Sin’giri zone it overlies the Hongjeom or Sadong
series to the north of Chojongsan, but is on the Gobangsan series in the south. The
conglomerate in the lower part varies in thickness, attaining several hundred
meters on the west side of the Gobangsan series at Oeryongsan, but becomes thin-
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ner toward the southwest and northeast from this deltaic facies. It becomes thicker
again near Ohangnyeong in the north. Boulders of the conglomerate are not well
sorted ; quartzite is abundant and ubiquitous; black shales are found near Seok-
hyeon; limestone is fairly common near Kaljonni. These various boulders are
generally cemented with dark gray material.

The conglomerate beds are overlain by a thick sandstone and shale formation
where sandstone is predominant in the upper part. The series to the east of Tot’umni
overlies the Gobangsan series.

Bangson Formation
Pyeongan Group
Ordovician System

--4 Cambrian System

Fig. 14. Two Profiles Crossing Through the Western Part of the
Kangweondo Limestone Plateau.

The chief distribution of the series is in the southeastern zone in the Mun’gyeong
district, while it is in the middle zone in the Tanyang district. Farther to the north-
east it occurs in several belts and extends beyond Jeongseon. The whole length
from the northeastern end to the other measures some 100 km. The breadth is
widest in the P’yeongsan-Ycongweol-Uiimgil triangle, being over 12 km from the
Mudongji belt to the Songbong belt. Assuming that the breadth has been reduced
by imbrication to a half of the original one, it must have been originally about 25
km. Considering the fact that the marginal deposit of the lake is now gone, the
Bansong lake must have been no less than 30 km in breadth. The fossil lake thus
figured may be as broad as Lake Biwa in Japan inclusive of its coastal plane, and
its length corresponds to the distance from Lake Biwa to the city of Osaka. The
height of the surrounding mountains in the early Bansong epoch probably ex-
ceeded that of the mountain ranges around Lake Biwa. Within the Bansong lake
there were isles like Chikubushima in Lake Biwa, but they were composed of the
great limestone formation. Judging from the deltaic sediments, the rugged moun-
tains were mostly composed of the P’yeongan system with the Gobangsan series at

the top.
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Like Lake Biwa, the outline of the Bansong lake was most expanded in the north-
east. It narrowed and possibly meandered on the other side, because its chief dis-
tribution is in the middle zone in the Tanyang district but in the southeastern zone
in the Mun’gyeong district. The possibility of the meandering is also suggested by
the geniculation of the zones between the two districts.

The Greenstone series exists in the Paekunsan syncline but not in its western
wing. A small patch of the series beneath the Kongsuweon thrust, west of Yeong-
chien, is an exceptional occurrence in the Tanyang Yeongchun district. The
reference of a few patches in the Mun’gyeong district to the Greenstone is as yet a
matter of opinion. In the northeastern part of the Okch’eon zone there must have
been the embryonic synclinorium of Pongdugonni, but the Greenstone series in
its axial part was presumably separated from the Bansong lake by peripheral folds
with the Gobangsan series at the top.

In short it may be said that the Greenstone series was not distributed so close to
the Bansong lake that its boulders could be transported into the lake.

Then it is a fundamental question whether the Greenstone series was eroded out
in the lake region before its appearance, or whether it was restricted in its accumus
lation to certain parts of the Kangweondo limestone plateau. Concerning this
question one must take notice of a remarkable fact on the variation in facies and
thickness. In the Korean system terrigenous rocks decrease and the thickness in-
creases from the shelf sea on the eastern block to the axis of the geosyncline in the
west. The change in sedimentation after the middle Palaeozoic land period is
similar to that before it. The Hongjeom and Sadong series become thicker toward
the geosynclinal axis where a limestone facies is well developed. But the thickness
changes in the Gobangsan series in a different manner. It is thicker to the east of
the Packunsan syncline and in the northeastern part of the geosynclinal zone. In
the Greenstone series the original thickness is indeterminable because it has been
reduced by erosion, but it can be said in the Packunsan syncline that it is thick in
the east like the Gobangsan. Its extraordinary display in the northeastern part of
the geosyncline is far more significant. It can also be noted that such a mode of
distribution is not essentially different from that of the Songnim epoch. Further-
more it can be said that the above noted change from the Sadong to the Gobangsan
epoch suggests a change in the direction of the subsiding axis.

In the Palacozoic era there was the Chichibu geosyncline to the east of the
Korean peninsular which was differentiating into an elevating anticline in its
inner side and a subsiding syncline in the outer side in the Permian period. The
differentiation can be especially well recognized since the middle Permian when
the Usuginu conglomerate facies appeared. Subsequently in the late Permian the
unfossiliferous and carbonaceous black mud facies of Toyoma is known to have
accumulated in great thickness in the southern Kitakami mountains in northern
Japan, in the Maizuru zone in western Japan and in the Chientao area in the
southeastern extremity of Manchuria. Its distribution shows the subsiding axes
en échelon. The Usuginu phase whence such a step in the tectonic development
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commenced in the Chichibu geosyncline corresponds approximately to the transi-
tion from the Sadong to the Gobangsan when the subsiding axes changed also in
South Korea.

The Skyto-Anisic Inai series and especially its Anisic stage is very thick. It is
represented by a thick marine slate formation in the southern Kitakami moun-
tains, in the Maizuru zone and in the vicinity of Vladivostok. They show that the
subsiding axes incised into the Akiyoshi geanticline en échelon. A similar axis of
Pongdugonni must have existed in the northeastern terminus of the Okch’eon zone.
The subsidence was much greater in the Inai epoch than in the Toyoma because
the Inai series is much thicker than the Toyama. Likewise the Greenstone series is
incomparably thicker than the Gobangsan. It is far in excess of 2,500 m and the
Inai series is more than 3,000 m at its thickest.

Judging from the tectonic status prevailing in this part of Eastern Asia before
the Akiyoshi-Songnim phase, it is presumable that the progenitor of the Pong-
dugonni synclinorium continued to subside to the west of the Akiyoshi geanticline.
Such subsidence appears to suggest a reciprocal upheaval which formed the pro-
genitor of the Yeongweol anticlinorium.

Although a conclusion is premature, there is evidence to support the contention
that the embryonic folds were not the result solely of the middle Triassic Songnim
disturbance, but that their preparation must have been gradually in progress
since the Gobangsan epoch. Assuming such a pre-Songnim development, the
Okch’con geosyncline was also being differentiated at the time as was the Chi-
chibu geosyncline, and the Greenstone series might not have been deposited uni-
formly through out the geosyncline. The subsiding areas became the synclines and
the elevating ones the anticlines in the early Songnim phase. The embryonic folds
were aligned en échelon between the Yeongweol anticlinorium and the Chung-
bongsan block. The structural basins of the P’yeongan system on the great lime-
stone formation at Kuiusan, Sugalsan and Pyeongsan reveal minor synclinal axes
in the interspace. The Bansong lake was brought into being later by the extensive
subsidence. Reciprocally the Yeongweol anticlinorium was warped up. The Ban-
song lake represents an embryonic syncline which developed later in the Taebo
disturbance into the Jeongseon imbricated zone.

6. Kyeonggi (Keiki) land

The line between Haeju in Hwanghaedo and Mt. Kiimgang in north Kangweon-
do marks roughly the southern border of the P’yeongnam orogenic zone and to the
south the basement complex of the Kyeonggi massif is exposed. The massif is,
however, bisected by the Weonsan-Secoul rift valley. The Pre-Cambrian Yeon-
ch’eon system in the massif was named after Yeonch’eon-gun in Kyeonggi-do
where its typical display is seen. It has not yet been thoroughly investigated, but it
is evidently different from the Mach’eollyeong (Matenrei) system in the Kaema
plateau in its lack of thick calcareous facies as seen in the middle part of the
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Mach’eollyeong. Yamacuch! (1951) suggested Silurian or Devonian age for the
Yeonch’eon system, but there is no conclusive evidence. Near Ktimch’eon it is in
contact with the Naknang (Rakuroan) complex in the southern rim of the Pyeong-
nam orogenic zone (Kosayasui, 1930). In the vicinity of Namp’o the system is
composed of quartzite, schistose conglomerate, phyllite and mica-schist, the last
two much more common than the two others (SHiMAMURA, 1931). It is extensively
intruded into by the Kokulian granite. Gneissose granite or granitic gneiss is most
extensive in the massif (Fig. 15).
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There is none of the Sinian, the Korean or the P’yeongan system. The next
younger is the older Mesozoic Daedong formation distributed in the narrow belts
of Kump’o, west of Seoul, and of Namp’o in Ch’ungch’econgnamdo.

The Daedong formation of Namp’o was deposited in a basin behind the Ok-
ch’eon orogenic zone. It lies on phyllites, crystalline schists and granitic gneiss.
According to SuiMamuRaA (1931) it can be classified in descending order as follows;
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Fig. 16. Three Cycles of Sedimentation in the Daedong Formation in the
Namp’o District.

IITb. Okmasan (Gyokubasan) sandstone and conglomerate, 800 m thick.
IIIa. P’yeongni (Hyori) conglomerate, 30 m thick.
IIb. Paek’unsa (Hakuunji) black shale with sandstone and conglomerate,
650 m thick.
IIa. Kaehwani (Kwaikwari) conglomerate, 70 m thick.
Ib.  Amisan (Gabisan) sandstone and shale with coal seams and basal con-
glomerate, 750 m thick.
Ia.  Weolmyeongsan (Getsumeisan) conglomerate with some sandstone,
30-350 m thick.
The conglomerates of the beds Ia and Ila contain white quartzite, clayslate and
granitic gneiss which are cemented with tuffaceous material. In the conglomerate
of the bed IIIa, on the other hand, white quartzite boulders are cemented by quartz
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grains. Plant fossils and Estherites occur in the beds Ib and IIb. Such an old mem-
ber as Lobatannularia nampoensts is contained in the Paekunsa flora. There are some
species of Estherites common between the Amisan bed and the Tonjin formation of
the Kump’o district. They are lower Noric Estherites, as pointed out by KoBayasui
(1951).

The Daedong formation of Namp’o reveals three cycles of sedimentation (Fig.
16). Each of the cycles is represented by sediments over 700 m in thickness. The
Bansong series on the other hand is a sediment of one cycle and its total thickness
is much less than that of Namp’o in most sections. Clathropteris meniscoides is known
to exist both in the Bansong and Paek’unsa floras. Though not yet quite definite,
the Bansong series may be correlated with the middle Daedong formation of
Namp’o.

Assuming this correlation, the lower Daedong of Namp’o is a product of the
first Songnim phase and the middle Daedong that of the second in which the
Bansong lake was produced and the Bansong series deposited. The upper Daedong
of Namp’o is related to the third phase during which the Okch’eon zone was cul-
minating until the Bansong lake disappeared. The background subsided reciprocally
with this culmination and the upper division of Namp’o was accumulated there.
These formations are cut by faults with NNE and NNw trends.

The Mesozoic formations in the Kump’o coal field to the west of Seoul are divided
into the lower or the Tonjin series, about 800 m thick, and the upper or Munjusan
series, about 850 m thick, by a weak discordance. The lower series consists mostly
of sandstone and shale in alternation, partly tuffaceous, in which two anthracite
seams are intercalated. Plant remains typical of the Daedong flora are contained in
some horizons and Estherites in the upper part. Conglomerate is the leading mem-
ber of the upper series, but thin layers of sandstone and red tuffaceous shale are
found in it. It is certain that the lower series is late Triassic. Fragmentary plants
from the upper series are enough to indicate its Mesozoic age. It is an orogenic
sediment probably in the latter part of the Songnim disturbance, because the time
interval and deformation indicated by the discordance are not so remarkable that
it can be taken for a member of the Silla series. The two series form a structural
basin elongated meridionally and cut by faults with the same trend. The Daedong
formation of Namp’o was cut by faults with NNE and NNw strikes.

The Silla series of Kongju mentioned below is distributed on the border between
the Kyeonggi massif and the Okch’eon orogenic zone. The middle Tertiary coal-
bearing formation occurs at Tongch’eon north of Mt. Kumgang. Although the
Pulgoksa granite intrudes into the massif widely, the late Mesozoic volcanics are
not so extensive.

It is difficult to date the deformation of these Daedong formations because there
is no younger formation in the vicinity. It is, however, noteworthy that the Dae-
dong belts of Namp’o are located in the southwestern extension of the Weonsan-
Seoul rift valley which is a graben and in which basalt is effused. On the east and
west sides of the valley there are the Kwangju and Masing ranges and farther west
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there is the Yech’ong-gang along which basalt occurs. These mountains and val-
leys are all parallel to the Kilchu-Myeonch’eon graben and the Hamgyeong fault
system. Therefore it is probable that the displacement has taken place along these
parallel elements as it did in the Kilchu-Myeonch’eon graben in the middle
Tertiary, although it is not improbable that the tectonic lines had already existed
before then. In the Namp’o district the faults striking slightly west of north cut the
NNE faults. The Kump’o graben runs meridionally; the middle Tertiary of T ong-
ch’eon, which is restricted to a very small area, is cut by minor faults of various
directions.

7. Taebo (Taiho) disturbance

The structure of the Okch’eon orogenic zone is quite different from that of the
Chungbongsan block and Paek’unsan syncline.

Because the embryonic folds of the principal tectonic elements such as the
Pongdugonni synclinorium, Yeongweol anticlinorium and the Jeongseon imbri-
cated zone are the outcomes of the Songnim deformation, the embryonic fold of
the P’yeongch’ang zone may not be an exception.

These embryonic folds were greatly developed by the Taebo disturbance till the
complicated folded structure of the Okch’eon zone was finished. Little is as yet
known of the Pongdugonni synclinorium, but it is certain that the Chodongni
basin which occupies its southwestern part was thrust upon by the Yeongweol
anticlinorium from the south along the Sadong thrust. In the Yeongweol anti-
clinorium itself there is the Machari thrust by which the outer folded zone is
separated from the inner imbricated part. In the outer zone the great limestone
formation is capped by the Hongjeom and Sadong series, and their folding axes
dip to the east or west. The inner part is exclusively composed of the Korean sys-
tem, and to the east of Cheonggok-Kundtingch’i thrust, thrusting is repeated to-
ward the east. Judging from the virgation of these thrusts the more eastern one is
as a rule earlier than the western. Namely, the Machari, Mohari and Namaeri
thrusts were made one after another in the order mentioned. These thrusts are cut
by the Sadong thrust. Therefore the Yeongweol anticlinorium must have thrust
itself en bloc on the Chodongni basin after the imbrication within the anticlinorium.

Thus the folding developed into thrusting in the inner part which is composed of
the incompetent great limestone formation, while the outer part where the forma-
tion is capped by the competent P’yeongan system was simply folded. Such a dis-
harmonic folding between the two parts developed into the thrusting of the inner
part on the outer zone along the already existing Machari thrust line. This thrust-
ing en bloc is thought to have taken place simultaneously with or immediately after
the Sangni thrusting.

The Yeongweol anticlinorium with its main axis through a point one-third of its
breadth from the west is asymmetrical. On the northwestern side of the anticlinor-
ium its inner part thrusts to the north on its outer zone along the Cheonggok thrust.
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This zone thrusts on the southwestern wing of the Chodongni basin and the wing in
turn on the P’yeongch’ang zone. Therefore the syncline indicated by the Tunjon
phyllite in the P’yeongch’ang zone must have already existed before this thrusting,
Because the Ongnyeobong and Hwabongjeong thrusts run parallel to each other,
it is probable that the former thrusting was followed by the latter one.

As discussed in the preceding chapter, there was the embryonic Yeongweol syn-
cline of the P’yeongan system on the west side of the Bansong lake. Judging from
the material of the Want’aeksan delta, the Gobangsan must have been on the
syncline at that time. Because the Korean system in the inner part of the Yeongweol
anticlinorium thrusts on the Sadong series along the Machari tectonic line, the
Gobangsan series was most probably absent in the inner part, but the series pos-
sibly existed in the outer until the Taebo epoch. The rigid Gobangsan series may
have resisted the folding of the outer zone and the less folded outer zone resisted
against the easily thrusting inner part. This must be the reason why the two parts
made a differential movement along the Machari thrust. Assuming this interpreta-
tion to be correct, the embryonic Yeongweol syncline must have been brought into
being in the Songnim phase.

When the Yeongweol anticlinorium developed, a series of parallel folds with a
northeast strike were introduced on its east side. In this terrain also the tectonic
development was disharmonic between the parts with and without the P’yeongan
system. In the southern part of this terrain between the Teokp’ori and Machwa-
dong thrusts there are the Hongjeom and Sadong series in addition to the Gobang-
san series at the western extremity. They repeat isoclinal folding in the western
part of the Paek’unsan syncline. All of the isoclines dip to the northwest and many
of these folds are closed. In tracing these folds along their axes the anticlines are
seen to develop into thrusting sheets. Thus the folded terrain in the south merges
with the imbricated terrain toward the north.

The folding axes are not always parallel to one another. Because the P’yeongan
system is less developed, the great limestone formation was easily capable of fold-
ing. But the free folding was controlled by the competent Bansong series where it
caps the incompetent great limestone formation. Therefore the former is frequently
thrust onto by the latter from the northwest side. The great limestone formation
reveals intraformational foldings at places where the Bansong is monoclinal (see
Fig. 3 of Pl. II).

Because the Bansong series with the rude conglomerate at its base is more com-
petent than the Hongjeom and Sadong, near Bansong that a brachysyncline of the
Bansong series with its axis slightly north of east is observed to be bisected by an
upthrust of its overturned northwestern wing on the other wing which is simply
monoclinal in normal order and overlies the structural basin of the Gobangsan
series. The above-mentioned zone of parallel isoclinal folding is located to the east
of this Gobangsan basin.

A few words should be added here to explain how the northwestern wing of the
Bansong brachysyncline thrust itself e bloc. On the northeast side of this wing the
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Bansong series is thrust by the great limestone formation, while on its southwest
side the formation together with the Hongjeom and Bansong series is repeatedly
folded with the axis sharply oblique to the thrust. Thus in this arc the northeastern
side was easily folded, while the other side was not so easily capable of folding. As a
result the folding was confined to one side, and the folding oblique to the base of the
Bansong series brought about the thrusting en bloc.

Not only near Bansong, but also at Puksilli and Soghangni to the east of Bansong
thrust lines are sharply bent. On the southwest side of the bendings there is the
above mentioned isocline of the P’yeongan system which has unquestionably
resisted the folding. Because of this obstacle the thrusting took place on the north
side of the isoclines. In farther north the great limestone formation forms an im-
bricated structure by parallel thrusts. The imbrication is regular and parallel to
the Teokp’ori thrust except to the east of Yeongweol where the structure is cut
obliquely by the Teokp’ori thrust. Therefore it is evident that the Teokp’ori thrust-
ing lasted after the imbrication had been completed. Nevertheless the basal con-
glomerate of the Bansong series at this place is not much displaced along this thrust.

Between the Teokp’ori and Kongsuweon thrusts there is the Jeongson imbricated
zone. At Ch’ori a strong intraformational folding is seen within the incompetent
great limestone formation. The competent Bansong series on it is however mono-
clinal. The typical imbrication of the zone is seen to the northeast of Puryeong or
its vicinity whence the thrust lines virgate, and about 10 thrusting sheets are aligned
near Jeongseon. Resisted by the Bansong series of Kiiiusan, however, the parallel-
ism of these thrusts is strongly disturbed. Incidentally the thrust line reveals an
abrupt bending near Purycong on the geological map, but it is due to topography
and the thrust plane is simply inclined.

This imbricated zone extends from the west side of the Chungbongsan moun-
tainous land to the southeast side of the Kariwangsan basin. The P’yeonanni thrust
on its border is protruded to the southwest. The Cheongsandong Klippe of the
great limestone formation on the P’yeongan system is a relic of this horizontal
thrust sheet. Its mechanism and date are two questions which need more investiga-
tion. It is, however, presumed to be probably a product of the reaction of the
Sangni thrusting.

The Kongsuweon thrust cuts the Sangni thrust. Likewise the Teokp’ori thrust
cuts the imbrication on its cast side. Thus there are disjunctions on the southwestern
part of the Jeongseon zone, while in the vicinity of Jeongseon the zone extends with-
out such a discrepancy. These disjunctions are considered to have taken place in
the latter phase of formation of the Yeongweol anticlinorium or shortly thereafter,
and immediately after the imbrication to the east of Bansong.

The Jeongseon imbricated zone narrows out at Weolgok west of T’aehwasan,
but soon recurs and extends toward Tanyang. The Pyeolgongni and Kich’onni
thrusts there correspond respectively to the Kongsuweon and Teokp’ori thrusts. In
the Tanyang area the zone between them is bisected by the Kosuri thrust. The
basal sliding seen to the north of Weolgok is common in this district.
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In the Mun’gyeong district farther to the southwest the middle or Mun’gyeong
zone corresponds to the Jeongseon zone. In the northern part of the district the
Sin’giri zone is protruded to the west and several thrusts run across the Mun’-
gyeong zone obliquely. Further tectonic complexity is revealed by the K/ippen of the
Okch’eon (?) system, and by some other Klippen and Pseudoklippen derived from
the Sin’giri zone. Incidentally, a Pseudoklippe means here a block which looks like a
Klippe, but in fact is an autochthonous block squeezed out by lateral compression.
The structure there is so complicated that its clarification needs more study.

Returning to the northern terrain, the Pack’unsan syncline extends to the cast
of the Machwadong thrust, which was originally brought into being in the Song-
nim phase between the clevating Taebaegsan block on the south and the subsiding
Chungbongsan block on the north, probably by their differential movement. Be-
cause of such a difference the Pre-Cambrian basement is widely exposed to the
south of the syncline, while the basement is mostly covered by the Korean system
on its north side, except the dome of the Chungbongsan mountains and a gorge
between Mungongni and Muntingni. The Korean system on the Chungbongsan
block is, however, not intensely folded.

The Pack’unsan syncline has a sigmoidal axis, convex to the north in the west
but to the south in the east. To the west of Mt. Tuwibong (Tsuibon) where the
axis is shifted to the north, the northern wing is steeply inclined or even upturned.
The P’yeongan system there is in contact with the Korean system of the Chung-
bongsan block along a tectonic line called Chodongni which may have appeared
in the Songnim phase, if not at the beginning of the Taebo disturbance, because it is
cut by the Maechwadong thrust and the Surichi tectonic line. In the present distri-
bution the P’yeongan system, which terminates once at the Machwadong thrust,
recurs at some distance beyond the thrust, where it forms isoclinal folds. On the
south side of this folded zone the Oktong fault runs from east to west and its down-
throw is on the north side. It is cut by the Machwadong thrust. Therefore the
faulting is thought to have been caused by the differential block movement in the
interval between the isoclinal folding and thrusting. Adjacent to the east of the
Machwadong thrust line there are the granitic mass of Imongni and a fault run-
ning along the northwestern side of its outer circle. This fault is cut by the Surich’i
tectonic line which in turn disappears in the granite mass. Because the tectonic line
is subparallel to and as long as the Maechwadong thrust, they may be contempo-
raneous, while the Chodongni fault may be older. The granite is younger. Its
intrusion must have taken place after the completion of the deformation.

The cross section through the middle part of the Paek’unsan syncline where the
granitic mass of Op’yeong is intruded into is asymmetrical. The synclinal axis is
much shifted to the north and the Greenstone in the northern wing is thrust onto by
the Gobangsan series. Farther to the east beyond the Hambaeksan fault the
Paek’unsan syncline becomes a large structural basin. The formations in its center
are moderately undulated, but they are rather steeply inclined on its south side and
abruptly overturned near its northern margin. Beyond this abrupt overturn there
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is the Schuppenstruktur on the border of the Ungbongsan structural basin.

It may not be accidental that such a remarkable Schuppenstruktur is found not
only at the northeastern corner but also at the southwestern corner of the Chung-
bongsan block. Near Hwangjiri the structure is thought to have been introduced
by the thrusting of the complicated anticlinorium and synclinorium on the border
between the Chungbongsan block and the Paek’unsan syncline.
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Fig. 17. Cross-Section of the Paek’unsan Syncline.

The Ungbongsan structural basin is composed of the Hongjeom and Sadong
series on the great limestone formation. They form a large number of small Schuppen
or small scale-shaped thrust sheets near the periphery of the basin, but the number
of thrusts decreases and their interval becomes wider toward the north from the
periphery. In the northwestern part of the basin the Hongjeom series is thrust by
the great limestone formation, instead of the reverse relation prevalent in the
south. In the southeastern corner of the basin the synclinorium with the axis along
the Osipch’eon river suffered strong lateral compression, causing thrusts to form
another series of Schuppen. Farther to the northeast the Schuppenstruktur is cut by a
fault, confined to its northwest side. There the Schuppen dip to the north or west.

Another Schuppenstruktur is found at the southwestern corner of the Chungbong-
san block near Uiimgil. It is not as large as that of the Ungbongsan basin. This is
located in a triangular area between the Paek’unsan syncline on the south and the
above-mentioned imbrication on the northwest side. The competent P’yeongan
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system of the syncline makes an upthrust on the Chungbongsan block along the
Chodongni tectonic line. The anticline beyond the line developed into an anti-
clinorium and further into the Schuppenstruktur of Uiimgil. The Maehwadong
thrust runs across the axis of this structure. Accordingly the Schuppen are found
above and below this tectonic line. But if the lower Schuppen are excluded, the im-
brication on the northwest side terminates with the Machwadong thrust. The
embroyonic anticline which developed this Schuppenstruktur must have been a
branch of the Muntingni anticline.

The deformation of the Korean system farther to the east of the Chungbongsan
block is not strong. The Muniingni anticline is very gentle. Its principal axis strikes
to the northeast, but there are auxiliary axes with a NNw trend. The Pre-Cambrian
basement is exposed in the gorge between Muntingni and Mungonni where the
axes in the two different directions intercross. The Jangsan quartzite which overlies
this basement is exposed more extensively along the principal axis and forms domes
where it intersects with auxiliary axes.

Bordering the Jangsan quartzite, the Myobong slate on it is exposed more exten-
sively and cut by the long Surichi fault which runs through the west side along
the axis. There are some faults also on its east side. Through these parallel faults
the Mungongni anticline is broken into stepping blocks. These faults are mostly
normal, but the western ones are partly upthrusts.

Farther east in the vicinity of Chomoksan the Upper Cambrian Chukryeon
formation thrusts up on the Middle Cambrian Daegi limestone. This thrust cuts
the upthrust of this limestone on the Chukryeon formation on its south side. In the
interval between these tectonic lines there are some oblique faults. The dislocations
of these three kinds are all products of warping behind the Chodongni thrust,
which is related to the aforementioned southerly thrusting within the Paek’unsan
syncline to the north of Cheongansa.

8. Kyeongsang group in the Tsushima basin

When Koto (1907) gave the name of Tsushima basin to the area around the Tsu-
shima Islands where the late Mesozoic Kyeongsang group was deposited, he called
attention to the Inkstone series in Yamaguchi Prefecture (former Nagato Province)
and northern Kyushu, which is a red tuffaceous formation similar to the Kyeongsang
group. Earlier YAaBE (1905) had determined the late Jurassic age of the Naktong
flora which was discovered in the basal part of the group. Kato (1925, 1932) on
the other hand emphasized the parallelism of the late Mesozoic ingeous activity
between the Japanese and Korean sides of the basin.

The Kyeongsang was precisely classified by TATEIwA (1929). Its lower part is the
Naktong series which overlies the Yongnam land and is disconformably overlain by
the upper part, ¢.e. his Silla (Shiragi) series in which thick andesitic flows are inter-
calated. In the Taegu-Kyeongju section the group is regularly inclined to the
southeast and can be classified in descending order as follows:
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Table 5. Stratigraphical Sequence of the Tsushima Basin.

A South Tsushima | Chugoku
ge Korea Islands N. Kyushu
Diluvium Cheju volcs. Volcanics
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Palaeogene SR —— Otsuji
1 Shiranuhi
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Granite . Taishu Chugoku granite
I WV ey
Pulgoksa Sensui
Cretaceous P ——
Silla Inkstone
e Wakino
I Naktong Toyonishi
Jurassic . —
- Mine
Triassic ; Atsu
=
|
Palaeozoic gamaguchi
angun

Kokulian granite
Taebaegsan ‘

Pre-Cambrian

II. Silla (Shiragi) series

Chusasan (Shushazan) pyroxene porphyrite and red tuff, 1,000 m thick.
Keonch’eonni (Kansenri) dark gray marl, shale and sandstone, 800 m

thick.

Ch’aeyaksan (Saiyakusan) pyroxene porphyrite, hornblende pyroxene
porphyrite and red and variegate tuff, 200-250 m thick.
Taegu (Taikyu) red and variegate marl, shale and sandstone, 2,000 m

thick.

Hakpong (Kakubo) pyroxene porphyrite, hornblende pyroxene porphy-
rite and red and variegate tuff, less than 250 m thick.
Silla (Shiragi) red and brown conglomerate, 200-600 m thick.

...... disconformity. .....
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I. Naktong series

Ch’ilgok (Shikkoku) red and variegate marl, shale and sandstone, 500-
950 m thick.

Chinju (Shinshu) dark gray and variegate marl, shale, sandstone and
brown conglomerate with intercalations of coal seams, 1,000 m thick.

Hasandong (Kasando) red and variegate marl, shale and sandstone and
brown conglomerate, 1,300 m thick.

Naktong (Rakuto) dark gray marl, shale and sandstone and brown con-
glomerate with intercalations of coal seams, 700 m thick.

Covering the erosion surface of the Kyeongsang group there is the third group of
rocks, TaTEtwA’s Pulgoksa (Bukkokuji) series; it is chiefly composed of acidic
effusive and plutonic rocks, but some sediments are intercalated among them.
Later he pointed out the presence of a Danian plant-bearing formation in the
Tsushima Islands and named it the Taishu series (TATEIWA, 1934). It comprises
much material derived from the Pulgoksa series.

The group’s correlation to the Mesozoic formations in Japan, has long been
undetermined. I (1926) ascertained in Yamaguchi Prefecture that the Jurassic
Toyora series is overlain by the Inkstone discordantly. Subsequently the Wakino
series was discovered to lie beneath the Inkstone in northern Kyushu (KoBayasur
and OTa, 1936). While the Wakino series and the upper part of the Naktong series
contain limnic 7rigonioides-Plicatounio fauna (Kosayvasur and Suzuki, 1936), the
paralic Glauconia fauna of Yoshimo at the top of the Toyora series is intimately re-
lated to the Wealden Ryoseki fauna on the Pacific side of Japan (KoBavasur and
Suzuki, 1937). The top division was recently segregated from the series as an
independent formation called Toyonishi (MaTtsumoTo, 1949), because the division
was found at some places to lie on the Toyora proper disconformably. The series
comprises the Yoshimo shell bed in the upper and the Nanami plant bed in the
lower part. It is my opinion that the series may be approximately contemporaneous
with but heteropic from the lower Naktong series and ranges from late Malm to
Wealden.

While the distribution of the Wakino series is restricted to a few places, the Ink-
stone series, overlapping the former, is widely spread in Yamaguchi Prefecture
and northern Kyushu. They form the syncline of Kwanmon. To the northwest
there is the anticline of Nagato where the Toyonishi and older formations are
widely exposed. There are, in addition, some smaller basins of similar age in
the Kibi, Tamba and Hida plateaus to the ecast and in central Kyushu in the
south where red formations have deposited.

In Korea the Silla series covers Kyeongsangdo extensively and is generally
underlain by the Naktong series. They are gently inclined to the southeast from the
Teokyusan block, but in the north they extend to the northwest, forming the
Uiseong wedge. According to SATo and YAsuHARU the northern boundary of the
wedge is marked by the Andong upthrust of the Taebaegsan block on the Kyeong-
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sang group. Behind it there is the Yeongdong basin, the northern margin of which
is also limited by a similar upthrust. Its western and southern borders are probably
normal faults. Farther to the north there is the Silla series of Hwangjiri where the
Naktong series is missing. To the west of the Teokyusan block there are also some
Silla basins, but the Naktong series is not well developed. The block is directly
covered by the Silla on its south side.

While the total thickness of the Inkstone and Wakino series is some 4,500 m at
the maximum, the Silla series attains 12,000 m and the Naktong below it measures
4,000 m at the thickest. In other words the center of subsidence at the time must
have been on the Korean side of the Tsushima basin. Assuming that the Toyonishi
series is the correlative of the lower Naktong, the lake was restricted to the Korean
side at the beginning of the Tsushima basin and there was still the Yoshimo embay-
ment on its south side where Ostrea, Corbicula and other brackish molluscans were
thriving.

As pointed out elsewhere (KoBavasui, 1941), the Oga orogeny attained its
paroxysm in Yamaguchi and adjacent Kyushu at the transition from the Toyonishi
to the Wakino epoch. Later investigation (MaTtsumoTo, 1949) showed that this
orogeny commenced in the interval between the Toyora and Toyonishi epochs,
seeing that the upper Toyora and the lower Toyonishi series form the Takachi
delta in the western Tabe basin in Yamaguchi Prefecture.
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Fig. 18. Uisong Wedge and Andong Upthrust.

The Toyonishi and Wakino series are orogenic sediments. During their sedimen-
tation the Yoshimo bay emerged as land by the upheaval of the Nagato anticline
and the Wakino lake was brought about reciprocally in a new depression. It is
quite probable that the Wakino and Naktong lakes were separate basins at the
time. Almost simultancously the Tetori embayment in the Hida plateau became a
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lake. Trigonioides, Plicatounio and Nakamuranaia are characteristic pelecypods of
these lakes. .

At the close of the Wakino epoch the Wakino lake rather abruptly expanded
very widely, seeing that the Inkstone series is distributed widely, overlapping the
Wakino and covering the Toyonishi and older formations of the Nagato anticline.
The small Inkstone lake of Inakura was also introduced on the south side of the Kibi
plateau. The Kyeongsang basin of Yeongdong may have also been introduced
behind the Teokyusan block.

The Inkstone series is divisible into three parts by two disconformities. The
upper one is however, weak and local, while the lower one is more distinct and ex-
tensive, probably corresponding to the disconformity between the Naktong and
Silla series in South Korea. In the Silla epoch the Tsushima basin may have been
a single large depression. The Yeongdong, Chin’an and some other basins existed
to the west of the Teokyusan block.

Because there is no Jurassic formation in the Kibi plateau, it is indeterminable
when the Oga orogeny began there, but there is evidence suggesting that the Oga
thrusting sheet had not reached its present site before the end of the early Inkstone
epoch (Imamura and Kusumi, 1951). Overlapping the lower Inkstone, the middle
and upper parts of the series are more widely distributed in the plateau.

Variegate tuffs and tuffaceous sediments are contained both in the Wakino and
Inkstone series, but the red compact tuff used for the Inkstone is mostly mined
from the middle Inkstone series. The abrupt increase of volcanic and pyroclastic
material in the series shows that the volcanic eruption became vigorous in the
middle and late Inkstone epochs. Volcanic rocks of that time are mostly andesitic
but liparitic after the Inkstone.

The Naktong flora suggests a warm and humid climate (KoBavasui, 1942). But
it became more arid toward the Inkstone epoch. Estherians thrived in the inland
depressions of the Wakino and Silla epochs (KoBavasur and Ko, 1947) which
were embraced by the Sakawa mountain range in Japan.

The Silla series must be middle Cretaceous because its flora containing dicotyle-
donous plants is cainophytic, while the Naktong flora is mesophytic.

By the invasion of the Chugoku batholithic granite the Tsushima and other
basins became land, leaving a few small depressions containing thin sediments,
called the Sensui series on the northern side of the Seto Inland Sea and the Yawata
series in north Kyushu. Furthermore some sediments are known to be imbedded
in the Pulgoksa volcanic rocks on the Korean side.

The Sensui series is gently inclined ; the Yawata series forms a gentle syncline; the
Inkstone series beneath the Yawata is somewhat more folded. In the Kibi plateau
the upper Palaeozoic limestone appears to thrust itself upon the lower Inkstone at
a great angle at Hina (Nakano, 1952). The Inkstone in the still higher part is cut
by small upthrusts.

Judging from these facts it is quite evident that crustal deformations were
repeated in the inner zone of West Japan through the Cretaceous period, but at the
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same time it is certain that the deformation attained its paroxysm in the Oga phase,
namely at the transition from the Yoshimo to the Wakino epoch. The structure of
the Oga folded mountains is complicated. The leading trend of the Cretaceous
folding and faulting on the other hand is nearly equatorial, ¢.e. subparallel to the
axis of the Sakawa folded mountains.

Seeing that the Naktong lake appeared and expanded at the Uiseong wedge, the
paroxysm of the Taebo disturbance in South Korea may be a little earlier than the
Oga paroxysm. This is because the Naktong lake is a frontal depression reciprocal
to the culmination of the Yeongnam land, because the Yeongnam land must have
been broken in the process of culmination into the Taebaegsan and Teokyusan
blocks at the Uiseong wedge before the Naktong epoch, and also because the frag-
mentation brought about by the culmination is presumably related to the differen-
tial movement between the metamorphosed and non-metamorphosed parts of the
Okch’con zone. More precisely, the former part thrust itself en bloc on the latter
part along the Ch’ungju-Mun’gyeong line after thelatter part had beenimbricated.
The thrusting was accompanied by a great culmination of the Teokyusan block
and this in turn caused fragmentation of the Yeongnam massive along the south-
eastern extension of the tectonic line. It is my opinion that the area thus subsided
is the progenitor of the Uiseong wedge.

The gentle dip of the Kyeongsang group toward the center of the Tsushima basin
on the southeast side of the Teokyusan block is due to the culmination of the block
because the group also dips distally on its south and northeast sides. In the Uiseong
wedge the group is gently slanted toward the northeast and cut by the Andong up-
thrust with a subequatorial trend along which the Taebaegsan block thrusts itself
upon the group. Within the eastern part of this block there is the Yeongdong basin
of subsquare outline. Its geology has not yet been thoroughly investigated, but it is
known that the group inclined to the south is thrust onto by the Pre-Cambrian
rocks on its northern border and is faulted on the south and west sides. The Silla
series in the Yeonghae area to the southeast of the basin is dislocated by a series of
meridional faults.

The southerly upthrustings along the Andong tectonic line and also along the
northern boundary of the Yeongdong basin probably took place in the transitional
interval between the Silla and the Pulgoksa epoch. Such a compressive block move-
ment took place when the Wakino-Inkstone series in the inner zone of West Japan
was folded with equatorial axes. In the outer zone the Sakawa folded mountains
were almost completed by the end of the Gyliakian (Turonio-Cenomanian) epoch.
It is certainly interesting to see the change from the strong folding and thrusting
in the outer zone to the gentle folding in the inner zone in West Japan. In South
Korea there occurred upthrusts from the north because the basement of the
Kyeongsang group was more rigid.

Subsequent to the Sakawa orogeny West Japan was bisected lengthwise by the
Senonian Izumi subgeosyncline. Incidentally, the term, subgeosyncline means a
zone of strong subsidence within the orogenic zone. The subsidence of this sub-
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geosyncline is indicated by a thick inland sea deposit called the Izumi sandstone
formation which attains a thickness of 6,800 m in its thickest part.

The blocking was strong in the inner zone and repeated more than twice. The re-
petition can be recognized by the fact that faults mostly crosswise to the Inkstone
folding, cut the Palaecogene, though the Palaeogene is sometimes less displaced
than its basement. The earlier phase of dislocation may have been sometime in the
late Senonian or Palaeocene, because the Chugoku granite batholith which is ex-
posed with lengthwise elongation is largely cut by the crosswise faults and overlain
by the Oligo-Eocene. In other words the block movement is nearly contemporane-
ous with that of the Taebaegsan dislocation zone and they are intimately related
to the grand invasion of the Chugoku batholith through which culmination, caus-
ing the faulting, the Izumi and other seas retreated over large areas. This emerg-
ence is what has been called the Akitsu epirogeny. If the Taishu series is really
Danian, it is a relic of the Tsushima basin. But it is not improbable that the series is
Oligocene, because it is probable that Ostrea known from the Tsushima Islands re-
veal the northern limit of ingression of the Oligocene Ashiya sea. Whatever the age
of the Taishu series may be, Japan was then the maritime terrain of the Asiatic
continent.

9. Metamorphosed Okch’eon (Yokusen) zone

In the Okch’eon orogenic zone the grade of metamorphism increases rather
abruptly on the southwest side of the Ch’ungju-Mun’gyeong line. The northern
part of this boundary has not yet been well investigated but, as mentioned already,
its southern part in the Mun’gyeong district is indicated by the thrusting of the
metamorphosed Okch’eon on the non-metamorphosed Okch’eon zone. In the
former there are the Kyeongsang group and the Pulgoksa igneous group besides
metamorphic rocks. The Kyeongsang group, which is distributed as patches along
the lateral sides of the zone, consists mostly of the Silla series except the Cheonju
and Hwasun districts where the Naktong appears to exist. In the Pulgoksa igneous
group the batholithic granite and related porphyry are most extensive in the zone,
especially along its axis.

The metamorphosed formation in question was classified by INnouve (1907) into
the Kunsan formation and the Phyllite formation, both of which were considered
Palaeozoic. Subsequently Koto (1909) referred them to his phyllite series in which
he distinguished the Tongpok, Muan, Chyonjyu and Kunsan complexes and con-
sidered them to be Mesozoic. NaAkaMURA (1924) on the other hand referred them
to Pre-Cambrian and proposed the Yokusen (Okch’eon) system as their collective
term. As its name suggests, its typical display is found in Okch’eongun, Ch’ung-
ch’eong-bukto. It is composed there mainly of phyllitic rocks besides graphite
phyllite, mica schist, quartzite and hornblende; and non-crystalline graphite
deposits are occasionally imbedded among them. He classified the formation into
three parts as follows:
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(3) Lower Okch’eon formation chiefly made up of quartzite, sandstone and
metamorphosed clayslate.

(2) Middle Okch’eon formation comprising hornblende schist, limestone, mica
schist and phyllite besides some sandstone intercalations.

(1) Upper Okch’eon formation composed mostly of biotite schist and phyllite,
though thin layers of conglomerate, sandstone, limestone, hornblendite and
quartzite are intercalated in it.

The Okch’con system in the Yeongdong and Ch’eongsan sheet-map areas which
contain its lower formation and a part of the middle formation was later divided
by SuiMamuRraA (1927) into the following three:

3. Unmubong (Unmuho) formation: mica schist and phyllite.

2. Manweolli (Bangetsuri) formation: metamorphosed shale, phyllite, lime-
stone, quartzite and thin graphite layers.

l. P’alunsan (Hachionzan) formation: metamorphosed shale, sandstone,
quartzite, mica schist and graphite layers aside from rare occurrences of
thin crystalline limestone beds.

The P’alunsan formation which forms an independent belt is clino-unconform-
ably overlain by the Hoedongni bed of the Cretaceous Yeongdong series. In the
western part of the sheet areas the Manweolli formation is overlain by the Sigimni
bed, another member of the Yeongdong series, also clino-uncomformably. This
formation near Manweolli looks similar to a certain part of the Cambrian forma-
tion in its lithic aspect, although its non-metamorphosed part is difficult to disting-
uish from the sandstone and shale beds of the Cretaceous Okch’eon formation be-
low mentioned. There is a thick conglomerate bed in the Okch’eon formation at
Kunseomyeon, Okch’eon-gun which bears boulders of granite, mica schist, granitic
gneiss, black shale, quartzite and so forth. SHIMAMURA is of opinion that the
Okch’eon in the area may be the metamorphosed facies of the Palaeozoic and
Mesozoic formations.

Subsequently he (1925) surveyed the Cheonju series, z.e. Koto’s Chydnjyu com-
plex near Cheonju, and made the following tripartition:

(3) Kirinbong (Kirinho) formation: biotite schist, phyllite and tremolite

schist.

(2) Sindong (Shindo) formation: limestone, phyllite, biotite schist and quartz

schist.

(1) Sadaeri (Shidairi) formation: sericite schist and quartzite.

In addition, there is a metamorphosed conglomerate containing quartzite,
granite and clayslate. It may belong to this series, but at the same time it is noted
that it is similar to the conglomerate in the Cretaceous Chin’an series. The Cheonju
series is penetrated by numerous quartz veins. Because of the significant contact
effect of granitic intrusion SHIMAMURA suggests that it may be the metamorphosed
facies of the Cretaceous formation.

In the Hwasun district in Cheolla-namdo there is also a formation of dubious
age called Kuam (Kigan). It was once considered Jurassic and at another time
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Pre-Cambrian. According to IcHmMura (1927) it is mostly composed of gray
coarse quartzose sandstone, black sandstone, black shale, black clayslate and phyl-
lite. In addition there are ottolerite slate, sandstone, white sandstone, quartzite,
limestone, hornfels, mica schist and layers of anthracite and graphite. Incidentally
ottolerite shale is very common in the P’yeongan system in the Kangweon-do
limestone plateau, and can be found in shaly facies of the Bansong series in some
rare instances. The Kuam is overlain by the Cretaceous Kubongsan formation and
intruded by granite. With the find of Cordites (?) and Pecopteris ( ?) in its black clay-
slate member IcHIMURA suggested referring it to the P’yeongan system.

SHIRAKI (1934) classified the Okch’con in the northwestern part of the Mun’g-
yeong district into the Paekhwari formation rich in limestone and the Sangnaeri
formation poor in limestone. He is of opinion that the former may be Cambro-
Ordovician and the latter Permian to Jurassic in age. He asserted further that they
are overturned and imbricated. KoBayasur and Aot (1942) agree with him on
the imbrication and the age of the Okch’eon metamorphics in the Mun’gyeong
district.

Through a survey of graphite deposit in the metamorphics KoBATAKE (1947)
ascertained in Sangju district in Kyeongsang-bukdo that the lower Okch’eon
merges with the P’yeongan system. Similar relations were found also in Hwasun-gun
in Cheolla-namdo. Graphite biotite schist in the Yongdongni formation in the
Haenam-gun (Kinosaki, 1929) is also suggested by KoBATAKE as probably a
metamorphosed member of the P’yeongan system. The middle and lower Okch’eon
in Potlin-gun, Ch’ungch’cong-bukto, on the contrary, are probably the metamor-
phosed facies of the Korean system or of the system in addition to the Greenstone
series.

Up to the present no positive evidence has been obtained to show the Pre-Cam-
brian age of the Okch’eon system. On the other hand the gradual transition from the
metamorphosed part to the non-metamorphosed part is known between Ch’ungju
and Mun’gyeong. Where the P’yeongan system merges with the lower Okch’eon, the
reference of the relatively thick limestone in the Okch’eon to the Korean system and
of its rude conglomerate to the Bansong is highly probable. In the Mun’gyeong dis-
trict it is known that they are imbricated by thrusting, the status making it difficult
to decipher the sequence and structure of the metamorphosed Okch’eon. It is,
however, a remarkable fact that the calcareous facies is not well developed in the
Okch’eon system. KoBATAKE noted that the P’yeongan system directly overlies the
Pre-Cambrian gneiss. Therefore the history of the part may be somewhat different
from that of the other part of the Okch’con zone. Either the Korean system in the
former was extensively eroded out before the P’yeongan, or the P’yeongan system
was transgressively spread on the Pre-Cambrian terrain beyond the bounds of the
Korean system. Whichever alternative may be accepted, it is certain that, overlapp-
ing the Korean, the P’yeongan system covers the Pre-Cambrian basement transgres-
sively. The inclusion of granite boulders in the conglomerates of the Okch’eon series
of Yeongdong and also of the Cheonju series, however, distinguishes them from the
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conglomerates of the Bansong series and the P’yeongan system. The conglomerate
suggests the inclusion of the Silla series which was metamorphosed by the intrusion
of the Pulgoksa granite. Therefore it is still a question whether the Okch’eon
metamorphics are exclusively older than the Tacbo disturbance, although it is
undeniable that the larger part of the Okch’eon system reveals a geosynclinal
sediment which was later metamorphosed dynamically and still later thermally.

After this part of the Okch’eon zone had been metamorphosed by the Taebo
orogeny, Cretaceous formations were accumulated on its lateral sides. One of them
on the northwest side is found to the northeast of Kunsan. According to SHIMAMURA
(1931), it consists of two parts as follows:

(2) Upper part; Aengbongsan (Ohosan) brown tuffaceous shale, 330 m thick.
(1) Lower part; Ch’eongso (Seisho) dark brown tuffaceous sandstone and
conglomerate, 300 m thick.

This Cretaceous formation forms a syncline which is cut by faults on its two sides
forming a graben. Another Cretaceous formation near Yongdong called Yongdong
(Eido) series by SHiMaMURA (1927) is divisible into three parts in descending order
as follows:

(3) Seonyudong (Senyudo) formation, about 350 m thick; marl, sandy shale
and red shale.

(2) Hoedongni (Kwaidori) formation, about 1,200 m thick; conglomerate,
green sandstone and red shale.

(1) Sigtimni (Shikonri) formation, about 1,350 m thick; sandstone, shale,
slate and conglomerate.

The conglomerate of the Siglimni formation contains granitic gneiss and that of
the Hoedongni comprises granite, porphyry, porphyrite and mica schist besides
granitic gneiss. The Sigtimni formation which yields Brackyphyllum and Frenelopsts
hoheneggeri may be a high Naktong member.

The Chin’an series near Chin’an is also divided into the following three parts by
SuiMAMURA (1925):

(3) Sansudong (Sansuido) formation, over 600 m thick; sandstone and shale
in alternation.

(2) Talkil (Tatsukichi) formation, 500 m thick; tuff, tuffaceous sandstone and
shale.

(1) Mandeoksan (Bantokusan) formation, 800 m thick; tuff, tuffaceous sand-
stone, conglomerate, shale and marl.

The Talkil and Sansudong formations yield several land plants including broad
leaves, insects and molluscan shells.

The above mentioned Kubongsan formation in the Hwasun district is about
1,200 m thick and consists of tuff, tuffaceous sandstone, dark reddish purple tuf-
faceous conglomerate, shale and sandstone of similar color and black or gray shale.
Quartz-porphyry and quartzose sandstone and other rocks derived from the Kuam
formation are contained in the conglomerate. Because Zamiophyllum buchianum and
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Platanus beside some shells were collected by Icumura (1927), the Kubongsan
formation at least in part belongs to the Naktong series.

These are Cretaccous formations which overlie the Okch’con metamorphic
rocks, and are intruded by acidic rocks from quartz-porphyry to granite in many
places. Not only this geological relation but also palaeontological evidence shows
that they belong undoubtedly to the Kyeongsang group and mostly to the Silla
series. It is certain that the group was deposited more widely than one can see
now, but at the same time the material of the conglomerate tells that there were
mountains on both sides and within the zone.

The Yeongdong series is gently inclined to the northwest or southeast, while the
Chin’an series is monoclinal toward the northwest. Cut by faults the bases of the
two series are unexposed. The Kubongsan which overlies the older rocks is gently
undulated. Because the leading strike is parallel to the zone, it is seen that the zone
was compressed crosswise after the deposition of the group. There are some strike
faults and some others nearly rectangular to the preceding. It is certain that the
dislocation took place after the intrusion because the Silla series is in fault
contact with the Pulgoksa intrusives at many places, but judging from the outline
of the intrusive bodys, it is not improbable that some of the faults existed before the
intrusion.

In the southwestern part of the Okch’eon orogenic zone the Pulgoksa igneous
activity was thus very strong. The granitic batholith is extensively exposed there.
Most of the Okch’eon metamorphic patches are roof pendants of various size re-
maining on the batholithic body. The extensive exposure of the batholith in the
axial part suggests the axis of culmination. By the block movement caused by the
culmination the Kyeongsang group on the lateral sides was faulted down.

10. Taebaegsan (Taihakusan) dislocation zone
(See Geological Map 1I)

Peninsular Korea is cut by faults near the Japan Sea. They are, however, not
simply parallel to the coast as suggested by Koro’s Taebaegsan dislocation lines.
The complicated mosaic structure is precisely analyzed in the coastal region of the
Kangweondo limestone plateau called here the Taebaegsan dislocation zone, al-
though Mt. Tacbaeg is located beyond the boundary fault of Hambaegsan. The
mosaic structure of the zone is typically illustrated in Samch’eok-gun and its
adjacent area.

The zone is divided by the Hwangjiri fault and its extension into two parts which
are different in the mode of deformation. The northern part is again bisected by
the Osipch’eon shattered zone. The Ungbongsan basin is located on its west side.
On the east side of the belt there are the Korean system and the Pre-Cambrian base-
ment farther east.

The Hambaegsan boundary fault is a great tectonic line in a north-south
direction along which a zone over 100 m wide is strongly disturbed by a dis-
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location for a vertical distance of more than 1,500 m. Its downthrow is on the east
side. Because the Hwangjiri fault draws the northern boundary of the Paek’unsan
syncline, it is thought to have been brought into existence through the Taebo dis-
turbance. It cuts the Silla series, however, and is traced to the southeast into the
Maesanni faults. Beyond the end of this fault the Chikch’onggok and Sambang
faults aligned en échelon belong to the same system. Along them the southern block
must have slipped down or the northern block must have thrust itself upon the
southern at a high angle. The secondary dislocation occurred after the deposition
of the Silla series and igenous rocks intruded along the fault lines at some places.
To the south of these faults there are the Mungdongni, Tachyeon and Kwang-
p’yeonni faults all with a northeast trend and with their downthrows on the south-
east side, through which the blocks form descending steps. The vertical displace-
ment attains over 1,000 m along the Kwangp’yeonni fault and over 500 m along
the Tachyeon fault.

In the northern terrain to the east of the Osipch’eon shattered zone there are
several long NNE faults most of which have the downthrows on their west side.
Through them the blocks descend in steps toward the west. The westernmost one
called Cheonni is, however, a hinge fault whose downthrow is on the west side in
the south but on the east side in its middle and northern parts. In its latter part
there are several auxiliary faults some of which are parallel to the principal one,
but others run from north to south. The Magyori fault which defines the eastern
margin of this fault zone has the downthrow on its east side. This shattered zone is
called Osipch’econ because the Osipch’eon River meanders through it.

The downthrow of the Hwanjori fault is on the west side almost throughout its
whole length except its northern terminal part where it is on the other side. The
Sangdeongni fault which meridionally bisects the southern part of the terrain
between the Cheonni and Magyori faults also has the downthrow on the west side.
The fundamental structure between Magyori and Hwanjori faults is, broadly
speaking, a large and gentle syncline and the Pre-Cambrian basement is exposed
on its east and west sides. On the west side, however, the basement is restricted to a
small strip near Kot’ori. A gentle anticlinal saddle extends therefrom to the east by
which the above-mentioned large syncline is divided into a northern and a south-
ern basin.

Inthe Ungbongsanstructural basin to the westof the Sandgeongni fault the Korean
system is overlain by the P’yeongan system. As mentioned already, the Schuppen-
struktur of this basin is developed toward the Osipch’eon. Judging from this feature,
the Wap’yeongni tectonic line must be one of the old tectonic lines. The undulation
between the Magyori and Hwanjori faults is cut by a mesh of faults on various
directions. As discussed already, the Hwanjori tectonic line and the Osipch’eon
ditch were introduced by the Taebo disturbance. Thrust by the northern block, a
basin was introduced in its front where the Silla series of Hwanjori was deposited.
It rests mostly on the P’yeongan system. The series of Tomap’yeong is a filling in
the ditch and the Hongjeom series is exposed on its east side. The deposition of the
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series was accompanied by the eruption of basalt and then of the liparite of
Tomap’yeong.

While the quartz-porphyry mass of Poktoksan is cut by the Tonghwalli fault
trending northwest, the granite-porphyry dyke of Cheongch’ari intrudes the Sang-
deongni fault. This fault is, however, covered by the Seokpyeongsan porphyry and
its distribution is somewhat different from that of the Silla series. Nevertheless it is
presumed that the time interval between the two was not very long. Judging from
the series of facts pointed out above, the block movement is related to igneous
activity. They took place subsequent to the gentle folding of the Silla series. The
depression in which the Silla series had deposited was, however, an outcome of the
Taebo disturbance. Therefore the series of geological events from the Tacbo dis-
turbance to the Taebaegsan block movement must be inseparably related to the
change of the terrain from the synorogenic compression to the postorogenic tension
which in turn is causally related to the Pulgoksa igneous activity.

11. Geomorphological history of Central Korea

The summit level of Central Korea through Ch’ungju and Weonju represents
the typical aspect of two-cycle mountains. As the result of a geomorphological
analysis, I (1931) reached the conclusion that the two-cycle mountains were
produced by asymmetrical geanticlinal upheaval after the previous peneplanation
had not been completed. The upheavals repeated since then caused rejuvenation
of erosion. I proposed the Yukpaiksan (Roppyakusan) plane for the older incom-
plete peneplane at the higher altitude and the Yeongtong and the Yeoju planes
respectively for the narrow eastern and the wide western lower plane later intro-
duced (see Pl. I). This conclusion was later vindicated by YosHikawa (1947).
The line between Weonju and Ch’ungju marks off the boundary between the
western lowland and the mountainous regions on its east side. To the west of the
line there is a hilly land up to 200 m above the sea on which there are monad-
nocks about 500 m high. To the east on the contrary the mountains are over 1,000
m and become higher toward the east. Taebaegsan is 1,549 m, Odaesan 1,563 m,
and Kumgangsan 1,638 m above sea level; they are the highest summits in the
Taebaegsan range along the coast of the Japan Seca. From this divide the mountains
become lower gradually at first and then abruptly. Beyond this scarp there is a
narrow lowland fringing the coast of the Japan Sea.

The terrain to the west of the Taebaegsan range belongs to the Hangang tribu-
taries and the Yeoju plane extends over a wide area to the west of the topographic
boundary through Weonju and Ch’ungju. The environs of Yeoju consist of granite,
the land being even and flat. Hence the name Yeoju (Rishu) plane. The erosion scarp
of the mountainous land is seen on the east side of the topographic boundary, but
low planes extend into the interior of this mountainous land along the meandering
Hangang River and its tributaries. The Yeoju group of planes is a collective term
for several lower planes in and outside of the mountainous region. Those in the
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mountains are classified into the Ch’ungju, Chech’eon, Hachinbu and Taegwal-
lyong planes by YosHikaAwa (1947) in ascending order.

(1) The Ch’ungju (Chushu) plane is indicated by the river floor near Yeong-
weol, 180 m above the sea at the changing point of the river floor 10 km
below Yeongweol, and 160 m near Ch’ungju.

(2) The Chech’eon (Teisen) plane is indicated by the river floor near Odae-
ch’eon, Songch’eon and Yuda, and also by the river floor near Taehwa-
myecon. It is 320 m at the changing point near P’yeongch’ang and forms
rock terraces with dolines on the top near Yeongweol and Yeongch’un
but dissected piedmont slopes near Chech’eon, and is 260 m high near
Ch’ungju.

(3) The Hachinbu (Kachinfu) plane is revealed by the river floor near
Hachinbu and Ch’angdongni and the piedmont slope near Tunnaemyeon.
Its height above the sea is 490 m at the changing point above Odaech’eon
and 10 km below Hachinbu.

(4) The Taegwallyong (Taikwanrei) plane is shown by the river floor and
piedmont slopes near Hoengsyeri. It is 700 m above the sea at the chang-
ing point of the river floor above Sangch’eon 5 km below Hoengsyeri and
570 m near Ch’ungju.

Among these four planes the higher ones are more extensive along the upper
course of the river, while the lower ones are well developed along the lower course.
All of them can be traced down till one reaches Ch’ungju whence the hilly land of
the Yeoju plane extends to the west. This plane itself is the western extension of the
Ch’ungju plane in the mountainous region, but for descriptive purposes the four
planes together with the Yeoju plane are combined in the Yeoju group of planes so
as to distinguish the lower planes from the higher Yukpaiksan plane.

The Yukpaiksan plane is, as represented by its summit level, always higher than
900 m and undulated with a range of variation in relief about 600 m at the max-
imum. Because a high and a low plane in the undulation are found to be separated
by a relatively steep scarp at some places, the Yukpaiksan plane must be an aggre-
gate of two or more planes in different altitudes. But they are difficult to analyze
because, unlike the Yeoju group of planes, they are relics of the old peneplanation
which remain as patches of undulation.

The Yukpaiksan plane is as a rule detached from the rivers and valleys of today
by a steep slope below the height of 900 m or so above sea-level. The contrast be-
tween the higher and lower planes is generally more significant in the western part
of the mountainous land where the topography is in a mature stage. It becomes less
significant toward the backbone range which is in a younger stage of the erosion
cycle. Nevertheless the geologic structure of the mountains is highly complicated,
and due to differential erosion the grade of dissection varies greatly. Accordingly
a great variation in the topographic relief'is introduced. It is rather seldom that the
river flows for any long distance along any tectonic line. The main course of the
Hangang River which meanders among the mountains must be antecedent.
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In marked contrast to this hydrographic habit the Osipch’eon which flows into
the Sea of Japan is a fault line valley. It runs along faults which form a shattered
zone, taking a meandering course down to the vicinity of Samch’eok where it turns
to the east abruptly and flows into the sea. Because the divide is located much
closer to the Japan Sea than to the coast of the Yellow Sea rapid erosion took place
on the east side. Near Hwangjiri where the Naktonggang is captured by the Osip-
ch’eon, an excellent wind gap is seen. Because the erosion was rapid along the
Osipch’eon its lateral erosion destroyed the older low planes to a larger extent. In
consequence it is difficult to classify the low planes of Yeongtong as was done for
the Yeoju group of planes. But it is noted that there are also several rock terraces
near Hwangjiri along the Osipch’eon which are remnants of older erosion planes,
Near Samch’eok and Kangniing there are hills of about 100 m in height, and
coastal terraces of similar height are seen near Kangnung, Hugho and Samch’eok.

The summits of Yukpaeksan, Sakimsan and their environs to the cast of the
upper Osipch’eon are particularly flat and about 1,000 to 1,250 m above the sea.
Because this flat plane is not dislocated by faults in the Taebaegsan dislocation
zone, it is evident that the Yukpacksan plane was a product of peneplanation
after the block movement. Because the Yukpaeksan plane was elevated before the
completion of the peneplanation, it is represented by an undulated plane the relief
of which ranges up to 600 m at the maximum.

As mentioned already, the block movement subsequent to the Silla deposition
was accompanied by the late Mesozoic Pulgoksa igneous activity. The fault mesh
in this region was thus introduced. The fault system is not much related to the
present relief of topography because, leveling the faulted relief, the Yukpacksan
plane was originally brought about by erosion during the tranquil Palaecogene
period.

The Samch’eok Neogene formation consists of deltaic facies in the southwestern
part and of lacustrine facies in the northeastern part. This deltaic sediment is
mostly composed of the detritus of the Cretaccous Tomap’ycong liparite and
covers the linear scarp on its west side. It is difficult to say whether it is a fault line
scarp produced by differential erosion after the Yukpacksan peneplanation or a
fault scarp produced by a renewed dislocation along the pre-Yukpacksan fault.

The upper Miocene of Samch’eok is only gently undulated, not suffering from
any faulting. It is one of the oldest among the basin fillings or blankets on the Yeoju
and Ycongtong groups of planes.

As discussed later a strong faulting occurred in other places in Korea in the
middle Tertiary period. The lincar scarp bounding this Neogene might be a scarp
of the faulting, although there is no supporting evidence. Because there is no other
Tertiary in the area, it is difficult to distinguish the middle Tertiary dislocation
from the older one. Nevertheless it is evident that there is no considerable disloca-
tion of the Yukpaeksan plane.

In summarizing these facts it can be concluded that the Yukpacksan plane was
originally the product of the Palacogene erosion, but its peneplanation is still going
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on very slowly in the part not reached by the rejuvenation of the Neogene erosion.
Nevertheless there is still a difference of 600 m between the top and bottom of its
relief. It is therefore an unfinished or incomplete peneplane. Since the Middle
Tertiary the subdued Palacogene land was elevated in the form of an asymmetrical
geanticline with its axis close to the coast of the Japan Sea. The gradual and minor
upheavals were repeated intermittently. As a result the present group of lower
planes was introduced on each side of the divide. The marginal plane of Yeoju is
very wide, while that of Yeongtong is incomparably narrower because the geanti-
cline is quite asymmetrical. The east side of the divide, which faced more powerful
forces of erosion than the other side, is rugged.

12. Destruction of the Tsushima basin

Although it is not the present object here to discuss the geology of Japan, the
description must be extended to Kyushu and its vicinity, because the tectonic
development of South Korea is intimately related to that of West Japan. In north-
ern Kyushu and western Chugoku there are the principal zone of the Sangun
metamorphic group on the north side and its auxiliary zone of Motoyama on the
south side (KoBavasui, 1950). On each side of the latter there is a non-metamor-
phosed zone of the Yamaguchi group. All of them belong to the Akiyoshi orogenic
zone.

Metamorphic rocks of the Sonoki peninsula in western Kyushu have previously
been referred to the Nagatoro metamorphic group of the Sakawa orogenic zone
because they were thought similar to the Mikabu metamorphics in the Nagatoro
zonc (KoBavasui, 1941). Therefore I was led to the assumption that this zone
should reveal a sharp bending of the Nagatoro zone to the NNw. But now I con-
sider it more reasonable that the Motoyama zone is abruptly bent to the ssE in the
peninsula, because the metamorphics of the peninsula are no less similar to the
Sangun metamorphics than to the Mikabu metamorphics. Furthermore it is a
general tendency of the Sakawa folded mountains to be bent to the south in west-
ern Kyushu.

The so-called Itoshima granite west of Fukuoka intrudes into the Sangun meta-
morphic group concordantly. Therefore the granite behind the Sangun zone must
be a member of the Hida gneiss group in the pliomagmatic zone of the Akiyoshi
orogenic zone. Accordingly it is certain that the axis of the Akiyoshi folded moun-
tains passes through Fukuoka and is presumably bent to the south as in the Moto-
yama zone.

The major tectonic lineament of the Akiyoshi zone above mentioned remained
after the Oga deformation. The Kyeongsang group comprising the Wakino and
Inkstone series on the mountains is folded with the main axis of folding running
ENE and forming the Kwanmon syncline and the Nagato anticline. The group in
northeastern Kyushu forms the southern wing of the syncline. To the northeast of
this syncline there is the Nagato anticline; and the Toyonishi, Toyora, Mine and
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Atsu series and the Yamaguchi group are widely exposed in its saddle, in addition
to a strip of the Sangun metamorphics of Toyogatake between the Toyora and
Mine series. These four Mesozoic series indicate the great strength of the Oga
deformation. The Inkstone and even the Yawata series on it are folded, though not
very strongly. On the Korean side of the Tsushima basin, the Kyeongsang group is
tilted but scarcely folded, although it is thrust onto from the north side on the
northern border of the basin. Such a significant difference in the mode of the post-
Inkstone deformation tells the difference in the basement of the Kyeongsang group
which was rigid on the Korean side but still somewhat flexible on the Japanese
side.

Subsequent to the post-Inkstone folding the intrusion of the Chugoku granite
took place. In West Japan it is exposed with the same elongation to the axis of the
post-Inkstone folding, but such parallelism between thegranite and the Kyeongsang
group is insignificant on the Korean side of the Tsushima basin. The vast terrain of
Eastern Asia was culminating because of the Chugoku batholithic invasion. In the
course of the culmination there took place block movements. The fault mesh in the
Taebaegsan dislocation zone is an example. It is certain that the Tsushima basin
was deformed by this block movement.

The modification of the Tsushima basin can be recognized from the Palacogene
palaeogeography. The Palacogene of northern and western Kyushu first schemat-
ized by Nacao (1928) was later revised by H. MaTsusuira (1950). The coal-bear-
ing formation of Ube in southern Yamaguchi was previously thought to be Miocene
(ToxuNaca and Itzuka, 1930), but late Eocene mammalian remains and other
fossils were recently discovered in it (YABE, 1944 and Takar, 1944). Furthermore the
Oligocene Ashiya series was found in northwestern Nagato (Imamura, 1951).
Therefore it is certain that the sea ingressed from the Palaco-Shiranuhi sea and
the flat land was flooded very extensively in the Ashiya inundation phase. The red
or purple regolith at the base of the Palacogene is a product of lateritization. It is
probable that the paralic Palacogene in the Tsushima Islands indicates the nor-
thern coast of the Ashiya embayment. Subsequent to the inundation the Palaeo-
gene depression was somewhat modified and shifted toward northwest Kyushu.

In the southeastern corner of the Korean peninsula there is the Changgii series
which overlies the erosion surface of the Pulgoksa and other Cretaceous rocks. It
yields the Changgii flora of Oligo-Miocene aspect, but no marine fossil has so far
been discovered in it. It is overlain disconformably by the P’ongongni series which
consists in the main of andesitic flows and tufls.

The mode of deformation which the Palacogene suffered is quite different from
that of the Inkstone. The Palaeogene is principally deformed by faults with NNw
or Nw trend in addition to those with NNE or Ns trend. It is remarkable that the
displacement along these tectonic lines appears greater in the basement than in the
Palacogene, because it suggests that the displacement had already taken place
before the deposition of the Palacogene. Itis also a remarkable fact that the western
block is displaced to the south along some of these tectonic lines.
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On the Korean side of the Tsushima basin the distribution of the Tertiary for-
mation is restricted to the Ulsan zone to the east of the Yeonghae-Pusan line. The
Palacogene there is cut by step faults with NNE trend which are parallel to the above-
mentioned line. This fault system is called Hansan by Koro and the eroded plane
of the faulted terrain is overlain by the upper Miocene called Yeonil series which is
distributed along the coast of the Yongil bay toward the north as far as Yeonghae.
Its basal plane is uneven and it begins with boulder conglomerate. Therefore it
must be a sediment deposited immediately after the middle Miocene block move-
ment. The upper Miocene is slightly slanted toward the bay.

The coastal line of this bay and that from the Changgii cape to Ulsan, as well as
the outline of the Tsushima Islands and the submarine trenches on both sides of the
islands, are all subparallel to the Hansan system.

The above-mentioned series of facts shows how crucially important the Hansan
fault system was in the formation of the Tsushima strait. But palacogeography
suggests that the depression of the same trend existed already in the Palacogene
period. In Yamaguchi and northern Kyushu, however, the Nw or NNw faults are
more prevalent than the NNE ones. Along some of them the eastern block is elevated
above the western, while the western block is shifted to the south along some others.
This shifting, together with the sharp bending of the Akiyoshi folded mountains,
and also of the Sakawa folded mountains at their western ends, must be due to the
pull of that part toward the south by the advance of the Ryukyu arc. On the
Korean side behind such shifting the block movement took place by tension. The
Tsushima strait is thus the sunken part of the Tsushima basin and a horst at the
middle is represented by the Tsushima islands. Thyasira bisecta and other fossils
dredged from the sea bottom around the islands (N1~o, 1934) provide the proof of
the extensive distribution of the Miocene formation in the strait.

111
Tue GroLocicaL History oF Souta KorREA
FROM A CoMPARATIVE TECTONIC STANDPOINT

1. Cycle of oronization

One of the most important findings of historical geology has been that parts of
the crust were capable of folding while others were incapable of it. The latter
is called a geosyncline and the former a Kraton. On the earth there are rigid masses
of various dimensions. The largest of the circum-arctic Kratons is Laurentia which
is widely covered by blankets on the south and west sides. The northeastern part of
this Kraton which is bare is called the Canadian shield. Laurentia is one of the
megakratons, while the Aar and Gotthard massifs in the Alps are microkratons.
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The term block appears to be used frequently for the still smaller unit, as in block
movement.

The geosyncline is a narrow sinking zone where thick sediments are accumu-
lated. Orogeny is a phenomenon which deforms a geosynclinal material. The
result is an orogenic zone of arcuate mountains. How geosynclines have been
formed is not yet well understood, but it is known that the presence or absence of
strong intrageosynclinal volcanism provides differential characteristics by which
the geosynclines are distinguished into ortho- and para-geosynclines respectively.
Orthogeosynclines tend to become orogenic zones, as revealed by anticlinoria
with metamorphosed axes. The Alps, the Caledonian mountains and the Japanese
Islands are such examples. The parageosynclines on the other hand are apt to be-
come polyaxial foldings with or without metamorphosed parts as exemplified by
the Okch’eon and P’yeongan zones. An orogenic cycle is a series of crustal move-
ments through which a geosyncline turns into an orogenic zone.

Japan provides a typical example of the migration of a geosyncline through
orogenic cycles. More precisely, when the inner side of the primary Chichibu
geosyncline was made into an orogenic zone by the Akiyoshi cycle, its outer side
developed into the Shimanto geosycline. Later the inner side of the secondary
geosyncline became another orogenic zone in the Sakawa cycle and its outer side
turned into the Nakamura geosyncline. The inner side of the third geosyncline has
already been folded, but the third mountains may probably be still in the making.
These three cycles of orogeny have been analyzed into many phases, a phase
denoting a stage of development.

In my “Sakawa cycle” (1941) I classified the phases of the cycle into pre-orogenic
epirogeny, orogeny and post-orogenic epirogeny, but neither the pre-orogenic
nor the post-orogenic epirogeny agrees with the typical epirogeny that occurs on
a Kraton. Because pre- and post-orogenic epirogenies are thus unsuitable terms, I
now prefer to call them prorogeny and metaorogeny respectively. Prorogeny is a geo-
synclinal subsidence as indicated by the Flysch type of intrageosynclinal sediments
of tremendous thickness which are monotonous and fine-grained. Metaorogeny is
the crustal movement after an orogenic paroxysm. An orogenic zone is still labile in
the interval from the mobile paroxysm to the stable post-orogenic period. The
Molasse type of sediment accumulated in intraorogenic basins or peri-orogenic
zones is thick, coarse and ill-sorted, because much material was transported from
high mountains in a short time; and facies and thickness vary greatly because oro-
genic zones are mobile or labile.

A cycle of sedimentation is generally classified into transgressive and regressive
and sometimes in addition, inundation phases. But this is an epirogenic cycle of
sedimentation. An orogenic sedimentation also goes through cycles when a migra-
tion of geosyncline takes place. The latter cycle consists of the Flysch and Molasse in
the broad sense of the terms. The Molasse in an orogenic zone merges laterally with
the Flysch in the new geosyncline.

When such a migration takes place, the crustal movement occurring in the al-
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ready existing orogenic zone, simultancously with the prorogeny of the new geosyn-
cline, is quite different from epirogeny or any of the three kinds of orogenic cycle.
The movement is called here interorogeny. As the orogenic zone is the hinterland of
the new geosyncline, it is not stable. Basins in the hinterland may be separated
from the geosyncline by an embryonic anticline growing in the inner side of the
geosyncline. Accordingly, if sca floods into the basins, it is not a simple and ex-
tensive transgression but an ingression through the embryonic anticline along any
channel. The Triassic history of the Variscan mountains is an example of inter-
orogeny, but it is not quite typical because it was too far from the Alpine paroxysm.
Jurassic Japan is a typical example, although its precise description will be deferred
to another occasion.

Intrageosynclinal volcanism, the spilitic suite in the Alpine or Caledonian
geosyncline for example, is the igneous activity in a prorogeny which, however,
varies in intensity among different geosynclines. Ortho- and para-geosynclines are
distinguished by prorogenic magmatism. Before orogeny there takes place freq-
uently some embryonic folding through which the geosyncline differentiates and
becomes undulations.

In an orthogeosyncline an embryonic anticline develops into an anticlinorium.
As pointed out in my “Sakawa cycle,” it is quite probable that the Nagatoro meta-
morphism was going on in the inferior part of an embryonic anticline under a
heavy load of'its thick superior part. The embryonic anticline was gentle but large.
It was later folded and thrust into an anticlinorium. Therefore the kinetic defor-
mation of the superior part followed the static alteration of the inferior part of the
crust. Such a crustal disturbance is accompanied by igneous activity which may be
broadly classified into basic intrusion, acidic injection and batholithic invasion in
the inferior part and andesitic and liparitic volcanisms in the superior part. An
orogenic cycle is closed with the batholithic invasion of granite which is, however,
mostly not granite, though it is generally so called. It is better to use the term
grano-diorite or quartz-monzonite, because it is derived from mixed magma in the
orogenic period. The Sakawa cycle of Japan presents a typical example of these
sequences which are not essentially different from those of the so-called Caledonian
or Alpine cycle in Europe. The history of South Korea, however, is quite different
from any of the histories of these orthogeosynclines, because it consists of a para-
geosyncline and two massifs on its two sides.

Generally speaking, orogeny and epirogeny, Kraton and geosyncline, or ortho-
and para-geosyncline, are pairs of concepts in real opposition to each other and there-
fore there is every gradation of change between the paired concepts. STILLE’s
labile quasikraton is an intermedium between the mobile geosyncline and stable
Kraton. The parageosyncline is another intermedium which is between a quasikra-
ton and an orthogeosyncline.

Tectonic elements vary greatly in dimension. The microparageosyncline and the
two microkratons which constituted South Korea reveal a part of the Chinese
Heterogen. Therefore the development of the Heterogen is the history of South
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Korea. Because the Heterogen was embraced by megageosynclines from its east
side, it is characteristic of the South Korean tectogeny that its development is in-
timately related to that of the neighbouring geosyncline.

The Hwangho and Yangtze provinces which occupied the northern and south-
ern parts of the Heterogen are quite different in their Palaeozoic history. The
Hwangho province gradually became undulated after the Taoke igneous activity
with the result that it was divided into elevating lands and subsiding depressions,
These latter are collectively called the Hwangho basin. If local ingressions in the
Silurian and possibly the Devonian period are ignored, the Hwangho province
including Korea, South Manchuria and North China was land during the pro-
longed middle Palacozoic era, but nevertheless the Korean and P’yeongan systems
are para-unconformable except in the northern periphery of the basin affected by
the disturbances of the Mongolian geosyncline. Therefore it is certain that the
northern Heterogen elevated or subsided en bloc, but differential movements among
various parts of the province took place in the latter part of the P’yeongan period.

The Songnim and Taebo disturbances, which correspond respectively to the
Akiyoshi and Oga orogenies in Japan, have greatly disturbed the Hwangho basin.
Where Jurassic history is recorded, it can be recognized that there were some dis-
turbances. There is, however, a remarkable difference between the basin and
Japan. In the former there was almost continuous volcanic activity throughout the
Mesozoic since the late Triassic while in Japan the Triassic and Jurassic formations
are almost free from pyroclastic material. In Korea the Songnim disturbance de-
formed the P’yeongan geosyncline strongly, but the Okch’eon was not much folded.
The Songnim disturbance was not accompanied by any plutonism, while the whole
Heterogen was granitized by the batholithic invasion after the Taebo disturbance.
Therefore the crustal revolution from late Jurassic to Cretaceous was much greater
than that before the Taebo disturbance corresponding to the Oga in Japan. The
Nevadian disturbance in North America was almost contemporaneous with the
paroxysmal phase of the Chinese Heterogen.

Itis certain that no migration of geosyncline took place in South Korea. Through
the Songnim disturbance the Okch’eon geosyncline was differentiated into some
embryonic folds, and a basin brought about far behind in the Kyeonggi land. No
hinter basin was brought into being by the Taebo disturbance, but a spatulate
basin came out on each side of the metamorphosed Okch’con zone where it was
larger on the frontal side than on the rear side. The Tsushima basin beyond the
Yeongnam land can best be taken as a hinter basin of the Oga mountains rather
than as a frontal basin of the Okch’eon orogenic zone.

After the Taebo disturbance the batholithic granite invaded into the massives as
well as into the orogenic zones with the result that they were completely fused. The
post-Taebo granitization took place not only in the Hwangho but also in the
Yangtze province. As a result the whole Heterogen became a rigid mass. The later
tectonic development was its fragmentation discordantly to the previous tectonic
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lineament, because the basement of the Heterogen was made almost homogenous
by the granitization.

In my “Sakawa Cycle” 1 proposed ““oronization” as a term for the consolidation of
the crust. The degree of oronization becomes greater by folding and regional
metamorphism, but the effect of granitization is the greatest. The Chinese Heter-
ogen which had been a complicated heterogeneous aggregate became a large
homogencous rigid mass by granitization, but then it began soon to break into
pieces. Such a crustal fragmentation is called anoronization. The Liao tectonic line,
the Weonsan-Scoul rift valley and the Korean arc are all products of the post-
Taebo anoronization. Anoronization follows oronization and the cycle formed by
the two is a geological phenomenon of a higher order than the cycle of orogeny.

2. Differentiation of geosyncline

Although the concept of the geosyncline was introduced by HaLL and DaNa from
their observations in the Appalachian mountains, the progenitor of the mountains
to the southwest of New York was, like the Okch’eon, a parageosyncline. The
intrageosynclinal volcanism, which took place in the Ordovician period, was very
weak. The Taconic and Acadian disturbances in the northern part of the geosyn-
cline caused some deformation in its middle part. The Queenstone and Catskill
deltas were both produced by a plentiful supply of terrigenous material from the
rising mountains. Likewise the change in the subsiding axis after the Sadong
epoch and the appearance of the Bansong lake must have had something to do
with the Akiyoshi cycle of the Chichibu geosyncline which was presumably located
north of the present site of Japan.

As the result of the Appalachian revolution there was produced a series of par-
allel or subparallel folds and thrusts, their aspect being similar to that of the western
Kangweondo limestone platcau where the imbricated structure was introduced
from an embryonic anticline on the inner side and an embryonic syncline on the
outer side. The synclinal zone is indicated by the Bansong series. Likewise the
upper and lower Palacozoic formations are extensive respectively on the outer and
inner sides in the central and southern Appalachian mountains.) The mountains
correspond to Central Korea also in their geomorphological history in that the
present mountains were introduced by upheaval after the folded mountains had
become a peneplane.

Compared to the Appalachians, the Okch’eon geosyncline which was first
denominated by YaMaNaRrt (1926) is much smaller, but it is quite probable that it
extended to the west through the Yellow Sea, although it remains to be seen where
the Okch’eon orogenic zone recurs in Central China. On this question I would like

1) It is now well ascertained that the Appalachian mountains to the west of the Blue Ridge
thrust which used to be considered the main part of the Appalachian orogenic zone are no more
than its frontal non-metamorphosed part, and the piedmont plateau on the Atlantic side of the
mountains belongs to the metamorphosed zone of the Orogen.
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to point out the fact that the deformation of the Weiyang phase is strong in the
Nanking hills in the lower Yangtze (LEg, 1939).

In South Korea the zone is divided into metamorphosed and non-metamor-
phosed parts by the Ch’ungju-Mun’gyeong line. Although the northern part of the
boundary has not been closely investigated, the southern part is indicated by a
thrust line, along which the metamorphosed Okch’eon thrusts itself upon the non-
metamorphosed Okch’eon, similar to that scen at Rhaeticum where the Eastern
Alps rest on the Western Alps. Such a long tangential displacement as seen in the
Alps, however, cannot be recognized in the Okch’con zone where the known thrusts
are mostly high-angled. Therefore it cannot be expected that the non-metamor-
phosed Okch’eon lies concealed beneath the metamorphosed Okch’eon extensively,
The Ch’ungju-Mun’gycong line is quite different from Locan’s line along which
the northern Appalachians have thrust themselves on the Laurentian front.

It is a kind of intraorogenic tectonic boundary which lies between parts different
in their metamorphism. On this account it corresponds to the Mikabu line in the
Sakawa orogenic zone, but there is an essential difference in that the Mikabu line
is parallel but this line is oblique to the orogenic zone. On the basis of my observa-
tion in the Mun’gyeong district, I contended that the boundary thrust was intro-
duced by the thrusting of the metamorphosed part en bloc on the non-metamor-
phosed part, after imbrication within the parts, just as the Weongweol anticlinorium
thrusts itself en bloc on the Chodongni basin along the Sangni thrust. The tectonic
bearing of this thrust, however, must be more profound than that of the Sangni
thrust.

Because stratigraphic sequence is not yet established in the metamorphosed
part, we are far from knowing its structure. In the non-metamorposed part on the
other hand stratigraphy is quite advanced. There the Korean system, 2,000 m in
thickness, is overlain by the Hongjeom, Sadong and Gobangsan series, all together
over 1,000 m in thickness with para-unconformity in between, which indicates
middle Palacozoic hiatus. Because it is certain that the geosyncline was scarcely
deformed by the middle Palacozoic epirogeny, it is readily presumed that these
formations of over 3,000 meters thickness were accumulated almost throughout the
geosyncline. The Greenstone series on the Gobangsan attains at the thickness far in
excess of 2,500 m at its maximum. In other words the basement attained a maxi-
mum subsidence of over 6,000 m, but the Greenstone may not be deposited all over
the geosyncline.

Because the base of the Korean system is unexposed in the geosynclinal part of
the Kangweondo limestone plateau, nothing definite can be told of the origin of
the geosyncline. But the Pre-Cambrian basement is exposed on its lateral sides. On
the southeast side where more exact observations can be made, the Jangsan quart-
zite lies on the flat basement. It is certain that the Yeongnam massive was a flat
land at the time. The quartzite is a deltaic sediment containing well-rounded slates
and others.

As the stratigraphy of the Korean system will be described in detail, only a few
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facts of tectonic importance are noted here. The thickness of the great limestone
formation is fairly constant, but the thickness varies from 40 to 300 m in the Jang-
san quartzite and from 80 to 250 m in the Myobong slate. Accordingly the total
thickness of the Korean system varies to some extent. But it is thinner in the eastern
than in the western plateau, being about 1,300 m thick on an average. This part of
the system may be sediment from the shallow shelf sea, because terrigenous beds
wedge in and intraformational limestone conglomerates are developed in the sys-
tem.

In the western plateau, and in the axial part of the geosyncline in particular, car-
bonaceous muddy limestone and slate are developed in the late Middle and early
Upper Cambrian. The black slates appear similar to pure graptolite shales in their
lithic aspect. This kind of black mud facies may indicate an off-shore sediment in
the Sargasso Sea, as emphasized by RUEDEMANN in his discussion published in 1934
of the origin of the pure graptolite shales. The Olenoides zone of Yeongweol belongs
to this part whence later Olenus and several other trilobites were discovered in dif-
ferent horizons—trilobites known from remote places but quite new to Eastern
Asia. ULricH and ScHUCHERT in 1902 claimed the appearance of an axial elevation
in the Appalachian geosyncline in the Ordovician period, but in the Okch’eon
geosyncline there is no evidence which suggests such a swelling ridge ; the axial part
subsided most, at least till the Sadong epoch.

It is certainly a remarkable fact that the Hwangho basin was neither deformed
nor eroded during the land period from late Ordovician to early Carboniferous.
At that time the Hwangho basin must have been simply kratonic. Subsequently
the Moscovian and Sakmarian subsidences invited marine transgressions.

After the retreat of the Sakmarian sea, the warm humid land surrounding the
basin became covered by thick vegetation and the main coal measures were depos-
ited in the basin. Later the climate became more arid in the Gobangsan epoch
when the Gigantopteris flora flourished. Still later in the Greenstone epoch it became
so arid that no vegetation could flourish inland. As discussed elsewhere (KoBayasHI,
1950), the increasing aridity depends on the appearance of the Mongolian orogenic
zone and the upheaval of the embryonic Akiyoshi anticline by which the Chinese
Heterogen was embraced.

The sequence of Japan shows that the Chichibu geosyncline was modified by the
prorogenic warpings in the Usuginu phase between the Permian and Triassic and
the Misaki phase between the Skytic and Anisic epochs. The geosynclinal sub-
sidence was great after the Usuginu phase and still greater after the Misaki phase.
From the great geosynclinal subsidence indicated by the thickness of the strata, the
reciprocal upheaval of the embryonic anticline can be presumed to have been
great, if the source of the terrigenous material is surmised.

The change of the subsiding axis after the Sadong epoch must have been sym-
pathetic with the Usuginu movement. The great subsidence of the Pongdugonni
basin in the Greenstone epoch is comparable with the Aniso-Skytic subsidence in
the Chichibu geosyncline.
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It is probable that the Chungbongsan dome and the Yeongweol anticline were
reciprocally elevated at the same time as the subsidence. These undulations were
unquestionably very gentle, but the geosynclines were gradually differentiating
into positive and negative elements which were to become embryonic anticlines
and synclines in the Songnim phase.

3. Embryonic folding and imbrication

A geosynclinal material deforms strongly in a relatively short time, but deforma-
tion is not restricted to the time of disturbance but goes on slowly before and after
it. The Okch’eon geosyncline differentiated into undulations in the Usuginu phase
and the differential movement was greatly accelerated in the Greenstone epoch as
indicated by the tremendous thickness of the Greenstone series. The undulations
thus emphasized developed into embryonic folding by the Songnim disturbance.
The contemporancous deformation was much stronger in the Chichibu and
P’yeongan geosynclines but sharp folds were quite local in the Okch’eon geosyn-
clines. These gentle folds were, however, the progenitors which developed into the
complicated imbrication in the Taebo phase.

When the same formation occurs repeatedly in belts by folding or thrusting, the
crustal movement recorded in it can be figured out spatio-temporally by its lattice
analysis. In the southern part of central Shikoku the early Cretaceous crustal
movements and the palacogeographic changes caused by them were deciphered by
this method and the result reported in detail (KoBavasui, Kimura and Huzira,
1945). Prior to this study a lattice analysis was attempted on the Bansong series and
in accordance with its revelations the Songnim disturbance should be distinguished
into three phases as follows:

1) Early Songnim phase in which the incipient undulation became embryonic
up and down warpings.

2) Middle Songnim phase in which the broad warpings weresomewhat recipro-
cal to the preceding and the Bansong lake was introduced in the depression.

3) Late Songnim phase in which the whole Okch’eon zone was heaved up and
the lake disappeared.

The Pack’unsan syncline virgated to the east from the syncline on the outer side
of the Okch’eon zone and the lake expanded in the Jeongseon-Uiimgil-Weongweol
triangle. The deltas of the lake and the surrounding mountains can be restored in
detail by lattice analysis. Furthermore the movements in the zone can be correlated
with those in the hinter basin of Namp’o with some accuracy.

Most of Korea was land during the Jurassic period, and therefore there is no
direct evidence which can specify the age of the Taebo disturbance, but it is pre-
sumed to be in the late Jurassic or Jurasso-Cretaceous transition, because Eastern
Asia as a whole was more tranquil in the Jurassic than in the period before and
after.
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The imbrication of the Okch’eon zone was brought about by this disturbance.
Although there is no synorogenic sediment, the tectonic development can be
analyzed into the following subphases by the relation between the active and the
passive, or more precisely by the relation between two faults, one cut by the other.
The former must be older than the latter.

1) Early Taebo subphase in which the embryonic folds developed into the
Pongdugonni synclinorium, the Yeongweol anticlinorium and other major
tectonic elements.

2) Middle Taebo subphase in which the Yeongweol anticlinorium thrust itself
en bloc upon the Pongdugonni synclinorium.

3) Late Taebo subphase in which the northwestern side thrust itself on the
other side with the result that the structure of the Jeongseon zone was
completed.

As to the Yeongweol anticlinorium the three steps of development can be dis-
tinguished in its early subphase as follows:

a) The differential folding between its eastern and centrowestern parts.

b) The development of a series of folds in the centrowestern part into a series
of thrusting sheets.

c¢) The thrusting of the centrowestern part en bloc on the eastern part along the
Machari thrust.

The thrusting of the metamorphosed part on the non-metamorphosed part along
the Ch’ungju-Mun’gyeong line may have taken place after the completion of im-
brication in the latter part. It is certainly noteworthy that thrusting en bloc or
Scholleniiberschiebung took place after the folding and thrusting within the block had
been well advanced.

There are several tectonic lines running parallel to the Jeongseon zone which
attains a maximum length of 100 km or more. Its aspect is similar to that seen in
the central and southern Appalachians. It is a general tendency in the western
plateau that the rocks are more metamorphosed on the northwest side than on the
other. The structure of the P’yeongch’ang zone is unknown because it is barren of
fossil. Because most of the thrusts dip 45 to 60 degrees to the west and many of the
thrusting sheets are 5 to 10 km in breadth in the Yeongweol anticlinorium, the
anticlines and synclines in the anticlinorium before the thrusting are presumed to
have been regularly isoclinal and similar in magnitude. The deformation of the
synclinorium on its southeast side does not differ much from it.

The imbrication of the Okch’con zone is different from the Scottish one which
consists of a few principal thrusts and many auxiliary ones. The outer zone of West
Japan is more or less similar to but different from the Okch’con zone in the more
arcuate course of the thrust lines.

As noted already in my “Sakawa cycle,” it is more similar to that of the Appala-
chians in its long parallelism, but still different in that the thrusting becomes weak-
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er toward the Allegheny-Cumberland border in the latter. This was probably
because the foreland was the low mid-continent, but on the contrary there was the
high Yeongnam land in front of the Okch’con zone.

It is especially noteworthy in this zone that (1) the Korean system is mostly
composed of limestone, but (2) the P’yeongan system of terrigenous sediment and
(3) conglomerate is extensive in the basal part of the Bansong series. Furthermore
(4) the Pack’unsan syncline virgates from the Okch’con zone in a direction diagonal
to the folding of the zone. These phenomena provide excellent examples of differen-
tial deformation caused by the same disturbance. They give clear views of (1) the
isoclinal folding of the P’yeongan system in the syncline, which develops into the
thrustings of the Korean system in the north, (2) the basal conglomerate of the
Bansong series which resisted the waves of folding, (3) the remarkable intrafor-
mational folding within the limestone of the Korean system and (4) the same kind
of folding of the shale between the sandstones in the P’yeongan or Bansong forma-
tion. (5) The difference in resistances resulted in basal sliding between the compet-
ent and incompetent rocks.

Through these observations it is found that competency decreases generally in
the order of conglomerate, sandstone, shale and limestone, or in other words, in the
order of grain size because the finer the grain, the easier it is to change their relative posi-
tions by compression. In the Yeongweol and Samch’eok coal fields the coal measures
greatly vary in thickness. Where the coal-bearing Sadong series is strongly dis-
turbed, there are swellings forming pockets of powder coal at some places.

In this region chert is rare but in Japan it is seen that chert is folded or even
fluted intraformationally more easily than limestone. In a study on Radiolarian
rocks (KoBavasur and Kimura, 1944) it was noted that when chert is folded, (1)
radiolarians lose their spines by rotation, (2) spines are aligned parallel to the
direction of shifting of particles because that is the line of least resistance, (3) spines
dissolve easily because their surface area is great relative to volume and (4)
radiolarians lose their structure and are elongated by compression till they become
simple ellipsoids of silica. In Kangweondo trilobites and other fossils are sometimes
deformed in two dimensions and sometimes in three dimensions. At some clear-cut
exposures of the Chikunsan shale, trilobites twisted in three dimensions were found,
but the Chikunsan shale formation itself is apparently monoclinal. Therefore the
twisting must be due to intraformational deformation.

4. Granitization and fragmentation

The primary fragmentation of the Pre-Cambrian Kraton, and the secondary one
after massives and orogenic zones were fused by granitization, can both be seen in
South Korea. The fragmentation of the Yeongnam massive is an example of the
former and that of Korea after the Taebo disturbance is an example of the latter.

While the Korean system and the Hongjeom and Sadong series are not much
different in facies and thickness between the Paek’unsan syncline and the Chung-
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bongsan block, it is known that the subsiding axis changed somewhat after the
Sadong epoch, probably influenced by the Akiyoshi prorogeny, and that the sub-
siding zone was transformed into the embryonic Paek’unsan syncline inclusive of
the Ungbongsan basin by the Songnim disturbance.

The Okch’con geosyncline was compressed from northwest to southeast by the
Taebo disturbance. Because the embryonic syncline of Paek’unsan ran from west to
east, the compression introduced diagonal folds in the western wing of the syncline.
Seeing that the Machwadong, Surich’i and a few other long tectonic lines are sub-
parallel to the diagonal fold, it is certain that the Chungbongsan block was broken
into pieces.

It is a remarkable fact that the terrain to the north of the Paek’unsan syncline is
imbricated by thrusts parallel to the above mentioned diagonal folds. The Mae-
hwadong tectonic line is especially important because the folding and thrusting are
mostly restricted to the west of this line; the syncline is not much disturbed and the
Korean system on the Chungbongsan block warps gently.

Between the block and the syncline, however, there took place a remarkable
differential movement to form the Chodongni upthrust of the former upon the
latter. The vicinity of Uiimgil, where the Maehwadong tectonic line crosses this
tectonic line, reveals a very complicated structure. The waves of folding dashed
against the Chungbongsan block and the frontal anticline and syncline in front
of it became ripples. Ripples or minor folds thus produced became thrusts. The
Machwadong thrust is therefore a boundary thrust running through this Schuppen-
struktur between the anticlinal and the synclinal elements.

The Pack’unsan syncline is arcuate with convexity on the north side because it
was introduced incipiently by the differential movement between the negative
Chungbongsan and the positive Taepaiksan block probably in the Songnim phase.
In the Taebo phase the syncline was compressed from the north till it became an
asymmetrical syncline with axis on its north side and the Chungbongsan block
thrust itself upon the syncline at a high angle. How the low-angled thrusting within
the P’yeongan system of the Paek’unsan syncline to the north of Cheongansa and
those within the Korean system of the Chungbongsan block near Chomoksan were
introduced, is not thoroughly understood. They may be due to the differential
movement within these formations which might not have caused any great dis-
location on the Pre-Cambrian basement. The P’yeongan system is more widely
disturbed on the cast than on the west side of the Hambaeksan fault. The peripheral
anticline of the Ungbongsan basin and the Paek’unsan syncline are both inclined
to the north at their junction where the upper Korean system and the lower
P’yeongan system of the anticline are wrinkled into minor folds each of which has
developed into a small thrusting sheet. The strongly arcuate thrusts are no more
than 3 km in breadth. They alternate one with another to form a Schuppenstruktur.

Similar structure is found not only along this boundary but also on the two sides
of the Osipch’eon river which, cutting the Chungbongsan block, flows NNE.
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1) The Ungbongsan basin was primarily the northern expansion of the
Pack’unsan syncline.

2) A narrow ditch, however, was formed along the Osipch’eon river.

3) The foldings on the upper Korean and lower P’yeongan formations
wrinkled into minor folds toward the ditch.

4) The folds developed at length into arcuate thrusting sheets.

The terms, Schuppenstruktur and imbrication, have long been thought to be syn-
onymous and very obscurely defined. In the Kangweonsan limestone plateau there
are two distinct types of thrusting structures as follows:

1) The structure is composed of a series of long parallel or subparallel thrust-
sheets for which it is better to use the term imbrication. It is found in the deformation
of the geosynclinal part.

2) The structure is composed of a number of small arcuate thrusting sheets
which are aligned more or less alternately. Because its aspect is quite similar to that
of fish-scales, it is appropriate to apply the term Schuppenstruktur to this type of
structure. It is found on the block at its corners.

The Pack’unsan syncline is limited by the Hwanjiri fault on its north side. The
Chungbongsan block beyond it is bisected by the Magyori fault. A narrow belt
between this fault and the Cheonni fault through which the Osipch’eon meanders
is the Osipch’eon shattered zone. As described in the preceding chapter, the mode
of faulting is different among these tectonic divisions.

Because such a blocking of the Yeongnam massif was finished by the end of the
Pulgoksa igneous activity, it is quite reasonable to consider that the Uiseong wedge
sank before the deposition of the Kyongasang group, owing to the fragmentation
of the Yeongnam massif into the Taebaegsan and Teokyusan blocks. Because
thrusting between the metamorphosed and non-metamorphosed parts of the
Okch’eon zone is found in the northwest part of the wedge, the movement of the
block sympathetic with the thrusting of the metamorphosed Okch’eon may have
produced down-warping in front of the block, which became the depression of
the Uiseong wedge.

It is indeterminable how far the Yeongnam land extended toward the southeast
before the deposition of the Naktong series, but at any rate the Tsushima basin is a
hinter basin of the Oga mountains. The Naktong lake at the beginning was larger
than and detached from the Wakino lake, but it became a large single depression
in the Inkstone-Silla epoch. The Kyeongsang group in the basin is much thicker on
the Korean side than on the Japanese side. It measures 4,000-4,500 m in the Nak-
tong, and 4,500-5,000 m in the Silla series in the Taegu-Kyeongju section, roughly
10,000 m in total. The Wakino and Inkstone series are 900 m and 2,300 m respec-
tively and about 3,200 m, when taken together.

The Namp’o basin was produced behind the Okch’eon zone after the Songnim
disturbance, but none after the Taebo disturbance. In the Akiyoshi and Sakawa
orogenic zones post-orogenic narrow basins were introduced along the Akiyoshi
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and the Sakawa median lines, as well as along the Mikabu line and the like. But
there is no intraorogenic basin in the Okch’eon zone.

There are narrow spatulate grabens along its borders, where the Silla series was
deposited. The basin on the frontal side is large and the series measures 2,500 m at
Yeongdong, 1,900 m at Chin’an and 1,200 m at Hwasun. The basin on the rear
side is small and the series is only 600 to 700 m at Kongju.

The Silla series is only about 500 m thick at Hwangjiri in the eastern limestone
plateau, where it spreads over a fair-sized area on the Taebaegsan dislocation zone,
but the series at Tomap’yeong is a tiny strip within the Osipch’eon shattered zone.

The series in these basins are all produced in the depressions at intervals between
the primary and secondary fragmentations.

The eruption of andesitic rocks in the Silla epoch was followed by liparitic ones
in the Pulgoksa epoch. At the same time there took place a great batholithic inva-
sion. If the Yokokura igneous rocks are excluded, the Cretaceous granitic rocks in
Western Japan are exclusively on the inner side of the median tectonic line. Batho-
lithic granite intruded into the ancient blocks as well as into the orogenic zones in
Korea.

The vast terrain of Eastern Asia was granitized by the invasion of the Chugoku
batholith with the result that the orogenic zone was fused with the blocks. There-
fore the secondary fragmentation took place without any relation to previous
tectonic lineament. In other words there is a great discordance between the
tectonic developments before and after oronization. Cutting the P’yeongnam and
Okch’con orogenic zones, the Korean arc began to appear. While the earlier
fragmentation of the ancient massives into blocks was an accessory phenomenon
caused by the orogeny which deformed the geosyncline, the later fragmentation is
an independent phenomenon in itself. Furthermore it is a remarkable fact that the
earlier fragmentation is not much related to igneous activity. The later fragmenta-
tion began with batholithic invasion which occurred in the later orogenic phase of
the former disturbance. The Akitsu culmination caused by the invasion at the
transitional time from late Cretaceous to early Tertiary introduced faults along
which lipalitic dykes have intruded.

Still later in the middle Tertiary there took place a Grossfaltung and also faultings
at certain places through which basalts and alkaline rocks were repeatedly effused.
Between the two crustal movements there was a tranquil period when peneplana-
tion took place and the Yukpaeksan plane was introduced.

In the Kangweondo limestone plateau the earlier disturbance was severe in the
Taebaegsan dislocation zone where the mosaic faults were made. The faulting was,
however, different on the two sides of the Hwangjiri fault. On its south side step
faults were formed with the downthrow on the west side, and they reach the Ham-
baeksan fault of which, however, the downthrow is on the other side.

On the north side of the Hwangjiri fault the Osipch’eon shattered zone is a
kind of graben between the Cheonni and Magyori faults. The rectangular disposi-
tion of this graben relative to the Paek’unsan syncline apparently resembles that of
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the Rhine valley to the Jura mountains. On its east side there is a complicated fault
mesh which cuts the Korean system, but the Pre-Cambrian basement is extensively
exposed farther east beyond the Hwangjiri fault.

The upper Miocene of Samch’eok is in part a fossil delta or an alluvial fan which
existed at the northern end of the Osipch’econ graben, but the facies of the fan
somewhat abruptly merges with the fine lacustrine sediment farther north where it
laps over to the east, covering the Magyori fault. Furthermore it can readily be
seen near Yukpaiksan that the faulted blocks are beheaded by the Yukpaiksan
plane. Therefore it is certain that the middle Tertiary upheaval of the plane was not
accompanied by faulting in this part of Korea.

In North Korea faulting at the time was strong. As a result the Kilchu-Myeon-
ch’eon graben and the Chilbosan horst were produced. The Hamg’yeong fault
system which is responsible for their appearance, however, has the downthrow
generally on the northwest side, ¢.e. on the side of the Kaema plateau. Therefore the
southern scarp of the plateau must be an erosion product. The Palaecogene of the
Fushun and Pongsan coal fields are also cut by faults. Where the Palaeogene is
absent, it is difficult to decide the age of the block movement. But the Weonsan-
Seoul rift valley, the belts of the Daedong series of the Namp’o area, the spatulate
grabens of the Silla series in the Okch’eon zone and elsewhere indicate block move-
ments. The Taebaegsan block thrusts upon the Uiscong wedge along its north
border.

5. Oronization and anoronization

The Chinese Heterogen is so intimately related to the Mongolian and Chichibu
geosynclines that tectonic developments of one of them cannot be explained with-
out reference to those of the others. In the history of the Japanese islands it is rec-
ognized as a general tendency that waves of folding diagonal to the Japanese arc
were aligned en échelon in the prorogeny, while the folding in the orogenic period is
parallel to the arc. The échelon structure in the northeastern part of the Kang-
weondo limestone plateau must be genetically related to the folding in Japan en
échelon.

Nevertheless Japan is related in the Cretaceous period and before more closely to
the Touman-Suifun area than to Korea proper. The area may be said to be a part
of Japan which was left after the appearance of the Japan Sea. It is much easier to
explain the history of Eastern Asia when Japan is on the east side of Korea, al-
though their relative positions have changed from time to time.

West Japan can now be seen as the part to the south of the Akiyoshi axis except
the Hida plateau and a few spots which belong to the pliomagmatic zone of the
Akiyoshi mountains. The Mesozoic and later formations overlying this granitized
gneiss basement escaped any sharp folding.

On the southern side of the Hida gneiss zone there is the Sangun metamorphic
zone and then the Yamaguchi folded zone. In the western part, however, the last
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zone is bisected by the insertion of the Motoyama metamorphic zone.

Because these zones were not well oronized before the Chugoku batholithic
invasion, they suffered Bruchfaltung in the Oga phase. It has been fairly well as-
certained since recently that the Itoshima granite adjacently to the west of Fuku-
oka intruded into the Sangun metamorphics concordantly. Because it must be a
member of the Hida gneiss group, the axis of the Akiyoshi mountains runs from the
Hida plateau to Fukuoka in northern Kyushu.

Because the Tsushima basin lies on the Yeongnam land on one side and the
Akiyoshi mountains on the other, the boundary in these basements is unknown, but
thereis a great difference in the deformation of the Kycongsang group. It is folded in
Yamaguchi and northern Kyushu whereas it is generally monoclinal on the
Korean side of the Tsushima basin.

Aside from local foldings, the blanket after the invasion of the Chugoku batholith
is, however, unfolded even on the Japanese side. On the Korean side the Ulsan
zone to the east of the Yeonghae-Pusan line is cut by step faults of the Hansan sys-
tem. The Tsushima horst and submarine ditches on its lateral sides are all parallel
to the fault system. They reveal as a whole a block movement by tension.

In western Chugoku and northern Kyushu there are faults in similar direction
but the Nw to NNw faults are more predominant and control the distribution and
deformation of the Palacogene. Some of them show a southerly shifting of the
western block.

Central Kyushu lies between the faulted northern and folded southern terrain.
The Kuma land in southern Kyushu which is a part of the Sakawa mountains is an
obstacle wedged in between the Oyashima folded zones of the Cretaceous and
Palaeogene formations or more precisely, between the Nakamura zone on the
south and the Amakusa islands and other places in central Kyushu on the north
side.

The Sakawa and Oyashima mountains are sharply bent to the southwest in
southern Kyushu and so probably are the Akiyoshi mountains in northwestern
Kyushu, because the Motoyama zone forms the Sonoki bending. The sharp bend-
ing of these mountains must have been due to the southern advance of the Ryukyu
arc. The southerly shifting of the western block relative to the eastern one as seen
in northern Kyushu and its vicinity is also an indication of the same pull. The
southern bending of the Hakusan volcanic zone must be related to the shifting.

The movement was strong before the Palacogene as well as after it. Shifting or
sliding caused the fragmentation of the Tsushima basin and the sunken part be-
came the strait. The Hansan fault system indicates tension on the rear side.

The Korean arc is a product of anoronization from the late Cretaceous period
revealed by an asymmetrical warping and associated faulting.

In the middle Tertiary period there was a marked faulting of the Hamgyeong
system in North Korea and of the Hansan system in South Korea. In Central Ko-
rea on the other hand the typical two-cycle mountains were introduced by the up-
warping of the asymmetrical geanticline which was repeated without faulting.
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The Taebaegsan range is a product of such Grossfaltung, which is traceable as far
as the central Manchurian plain where it is shown by the divide between the
Liao and Sungari rivers.

There is a peri-Korean chain of volcanoes comprising Mt. Paecktu and Ullung
and Cheju islands. In the mountainous land of Kaema-East Manchuria the up-
warping was made with axis subrectangular to the preceding, which was asym-
metrical, and the Kaema plateau terminates at the southern scarp. This land is ex-
tensively capped by plateau basalt at some places.

Summarizing all of the known facts, it can be said with certainty that Korea
entered into a period of anoronization through the batholithic invasion during
which the Korean arc was began to be produced. This arc and the Ryukyu arc are
aligned en échelon forming a still larger arc known by the name of Peri-Tunghai. As
discussed in my “Sakawa Cycle,” the Ryukyu arc is a growing orogenic zone. In
other words the southern wing of the Peri-Tunghai arc is oronizing, while its nor-
thern wing is anoronizing. Kyushu between the two wings is intermediate, or per-
haps it is more accurate to say that the well oronized northern part or the basement
was anoronized, while the anoronized part in the south or the non-oronized blan-
ket on the basement was oronized. Because oronization and anoronization take
place in the two wings of an arc, they may be different stages of the same tectonic
development caused by the same agency in different places having different conditions.

REFERENCES

Abstracts of papers, International Geological Congress, XVII session, USSR, 1937.

Annert, E. (1927), Morphologische und geotektonische Skizze des russischen fernen

Osten und Nord Mandschuriens. Proc. 3rd Pan-Pacific Sci. Congr. Tokyo, 1926, Vol. 1.

and I. LaurousHIN (1924), Subdivisions of the Jurassic, Cretaceous and Tertiary

coal-bearing strata of Russian Maritime and Amur provinces and of Sachalin

(Sakhalin) island. Bull. Geol. Soc. China, Vol. 3.

Aorr, K. (1942), Geology of Bunkei (Mun’gyeong) district in Tyosen (Korea) with special
reference to the stratigraphy of the Tyosen group. Jour. Geol. Soc. Japan, Vol. 49.

pE CHARDIN, (1940), The granitization of China. Bull. Geol. Soc. China, Vol. 19.

Cuor Yuku et al. (1962), Report on the Geology and Mineral Resources of the Tae-
bangsan Region for the Geological Survey of Korea. Geol. Soc. Korea.

Enpo, R. (1939), Geology and Mineral Resources of Manchuria. Sanshodo Book Co.

Expo, S. (1939), Some new and interesting Miocene plants from Tyosen (Korea). Jub.
Publ. Comm. Prof. Yabe’s 60th Birthday, Vol. 2.

—— (1938), Cenozoic Plants from Tyosen (Korea), 1-2. Jour. Geol. Soc. Japan, Vol. 45.

—— (1942), On the fossil flora from the Shulan coal-field, Kirin Prov., and the Fushun
coal-field, Fengtien Province. Bull. Central Nat. Mus. Manch., No. 3.

Geological Investigation Corps of Taebangsan Region, Geological Society of Korea
(1962), Geological Atlas of Taebangsan Region.

Geological map of the Union of Soviet Socialist Republics, scale 1/5,000,000 (1937).
Organization Comm., XVII Intern. Geol. Congr.




GEOLOGY OF SOUTH KOREA 127

Geological Sheet Maps of the Far East, scale: 1/250,000. (1954-1956) Korea 18 sheets.
Compilation Comm. for Geol. Min. Res. Far East.

Geological Survey of Chosen (1928), General geological map of Chosen (Korea). Scale
1/100,000.

GortscHE, C. (1886), Geologische Skizze von Korea. Sitzungsber. kinigl. Preuss. Akad. d.
Wiss. zu Berlin, 36.

Guide-book of geological excursions in Chosen, No. 1. Kishu (Kilchu) district, Kankyo
hokudo (Hamgyeong-bukto), (1935). Geol. Soc. Japan.

Hamapa, T. (1960), The Middle Palaeozoic Formations in China and Korea. I-II.
Japan. Jour. Geol. Geogr., Vol. 31.

Hanzawa, S. (1941), The stratigraphical relation between the Carboniferous and
Permian formations in Manchuria, Korea and Japan proper. Japan. jJour. Geol.
Geogr., Vol. 18.

Haracucal, K. (1931), Saishu (Cheju) volcano. Bull. Geol. Surv. Chosen, Vol. 10, Pt. 1.

Hartag, N. (1937), Neikai (Yeonghae) and Eitoku (Yeongdeok) sheets. Geol. Atlas of
Tyosen, No. 18.

——(1939), Stratigraphical division of Heian (P’yeongan) system on fossil Foraminifera.
Jub. Publ. Comm. Prof. Yobe’s 60th Birthday, Vol. 1.

HisakosHi, S. (1943), Geology of Seizen (Cheongseon) district, Kogendo (Kangweondo),
Tyosen (Korea). Jour. Geol. Soc. Japan, Vol. 50.

History of research in geology and minerals of Korea (Chosen) and their references
(1933-39). Chosen Kogyo-kaz.

Huxkasawa, T. (1943), Geology of Heisyo (P’yeongch’ang) district, Kogendo (Kang-
weondo), Tyosen (Korea). Jour. Geol. Soc. Japan, Vol. 50.

IcumMura, T. (1927), Wajun (Hwasun) coal field. Rep. Surv. Coal-fields, Chosen, No. 2.

(1928), Tsusen (T’ongch’eon) coal-fields. Rep. Surv. Coal-fields, Chosen, No. 3.

ImamURA, S. and Kusumi, H. (1951), On the Inkstone Group of Inakura-mura District,
Oda-gun, Okayama Prefecture, Japan. Geol. Rep. Hiroshima Univ., No. 1.

Inouve. K. (1907), Geology and Mineral Resources of Korea. Bull. Geol. Surv. Japan,
Vol. 20, No. 1.

Iwava, Y. (1943), Geology of Girinkitsu (Uiimgil) district, Kogendo (Kangweondo),
Tyosen (Korea). Jour. Geol. Soc. Japan, Vol. 50.

Kawmse, N. (1951), Mesozoic formation in the southern part of Yabu-gun, Hyogo Pre-
fecture. Jour. Geol. Soc. Japan, Vol. 57.

Kanenara, K. (1936), The Geology of the northern part of Geizitu (Yongil) district,
North Keisyodo (Keongsang-do), Korea. Jour. Geol. Soc. Japan, Vol. 43.

—— (1936), Neogene Shells from South Tyosen (Korea). Jjapan. Jour. Geol. Geogr.,
Vol. 13.

——(1937), The Geology of the northern part of Geizitu (Yongil) district, North Keisho-
do (Keongsang-do), Korea. Japan. jJour. Geol. Geogr., Vol. 14.

Kato, T. (1925), Periods of igneous activity in Japan with special reference to metal-
logeny. Jour. Geol. Soc. Tokyo, Vol. 31.

—— (1932), The volcanic activity in southern Korea and southwestern Japan during
late Mesozoic period. Bull. Geol. Soc. Japan, Vol. 1, No. 2.

Kawasaki, S. (1925), Some Older Mesozoic plants in Korea. Bull. Geol. Surv. Chosen
(Korea), Vol. 4, pt. 1.




128 KOREA

—— (1926), Addition to the Older Mesozoic plants in Korea. Bull. Geol. Surv. Chosen,
Vol. 4, pt. 2.

—— (1926), Geology and Mineral Resources of Korea. Geology and Mineral Resources of
the Japanese Empire, pt. 2.

—— (1927), Mesozoic formations and diastrophism of Korea. Proc. 3d Pan-Pacif. Sci.
Congr. Tokyo, 1926, Vol. 2.

——(1927), The Flora of the Heian (P’yeongan) System, pt. 1. Bull. Geol. Surv. Chosen,
Vol. 6, No. 1.

—— (1931, 34), The Flora of the Heian System, pt. 2. Bull. Geol. Surv. Chosen, Vol. 6,
pt. 2.

—— (1939), Second Addition to the Older Mesozoic plants in Korea. Bull. Geol. Surv,
Tyosen, Vol. 4, pt. 3.

——(1939), Addition to the flora of the Heian (P’yeongan) system. Bull. Geol. Surv,

Tyosen, Vol. 6, pt. 5.

and Konno, E. (1932), The Flora of the Heian system, pt. 3. Bull. Geol. Sury,

Chosen, Vol. 6, pt. 3.

Kinosaki, Y. (1929), Kainan (Haenam) and Usuiel (Usuyeong) Sheets. Geological Atlas
Chosen, No. 9.

Koatakg, N. (1930), Geology of the Bunkei (Mun’gyeong) Coal Field, Korea. Chikyu,
the Globe, Vol. 8.

——(1942), Geology of the Tanyo (Tan’yvang) Coal-field and its environs in North
Chuseido (Ch’ungch’eong-do). Sci. Rept. Geol. Inst., Kyoto Univ., Vol. 1.

——(1947), On the so-called Yokusen (Okch’eon) system with special reference to its
lower part. Jour. Geol. Soc. Japan, Vol. 53.

Kosavasur, K. (1947), On the basaltic rock in the Shiragi (Silla) series in the west of
Sanchoku (Samch’eok) town, Central Chosen (Korea). Kagaku, Vol. 17.

————(1947), Unconformity at the base of the Shiragi series in the Sanchoku (Samch’eok)
coal-field in Chosen (Korea). Kagaku, Vol. 17.

———(1947), Geologic Structure of the northern part of the Sanchoku (Samch’eok) coal-
field. Jour. Geol. Soc. Japan, Vol. 53.

——(1947), Geology of Santyoku (Samch’eok) district, Kogendo, (Kangweon-do),

Korea. Jour. Geol. Soc. Japan, Vol. 53.

and T. YosHa (1949), Geology of the Kosiri (Kot'ori) district in the Santyoku

(Samch’eok) coal-field, Korea. Jour. Geol. Soc. Japan, Vol. 55.

Kosavasur, T. (1926), Note on the Mesozoic formations in Prov. Nagato, Chugoku,
Japan. Jour. Geol. Soc. Tokyo, Vol. 38.

—— (1927), Ordovician Fossils from Korea and South Manchuria. Proc. Imp. Acad.,
Vol. 5.

—— (1927), Ordovician fossils from Korea and South Manchuria. Japan. Jour. Geol.
Geogr., Vol. 5.

——(1927), On the geological history of Kogendo (Kangweon-do) limestone plateau in
Korea. Jour. Geol. Soc. Tokyo, (Japan), Vol. 34.

—— (1930), Cambrian and Ordovician faunas of South Korea and the bearing of the
Tsinling-Keijo (Seoul) line on Ordovician palaeogeography. Proc. Imp. Acad.,Vol. 6.

——(1930), The significance of the unconformity at the base of the Daido (Daedong)
formation. Jour. Geol. Soc. Japan, Vol. 37.

——(1930), Three types of the Chosen (Korea) and Sinian systems in Korea and




GEOLOGY OF SOUTH KOREA 129

Manchuria and the bearing of the Tsinling-Keijo line on the palaeogeography.
Jour. Geol. Soc. Japan, Vol. 37.

—— (1931), Studies on the Ordovician stratigraphy and palaeontology of North Korea
with some notes on the Ordovician fossils of Shantung and Liaotung. Bull. Geol.
Surv. Chosen, Vol. 10, pt. 1.

—— (1931), Topography and Cenozoic geology in Korean peninsula. Geogr. Rev. Japan,
Vol. 7.

—— (1933), The natural boundary between the Cambrian and Ordovician systems dis-
cussed from the Asiatic standpoint. Rep. XVI. Intern. Geol. Congr. Washington, 1933.

—— (1933), A sketch of Korean Geology. Am. Jour. Sci., Vol. 26.

—— (1933), Faunal study of the Wanwanian (basal Ordovician) series with special
notes on the Rebeiridae and Ellesmereoceroids. Jour. Fac. Sci. Imp. Univ. Tokyo,
Sect. 2, Vol. 3, pt. 7.

—— (1933), On the Occurrence of Xiphosuran remains in Chosen (Korea). Japan.
Jour. Geol. Geogr., Vol. 10.

—— (1933-34), The Ozarkian question and my view. Jour. Geol. Soc. Japan, Vols. 40-41.

—— (1934), Brief notes on the geomorphology of the Korean peninsula and its relation
to the Cenozoic history. Proc. 5th Pacific Congr., Canada, 1953, Vol. 2.

—— (1934), The Cambro-Ordovician formations and faunas of South Chosen (Korea).
Palaeontology, pt. 1, Middle Ordovician Faunas. jJour. Fac. Sci. Imp. Univ. Tokyo,
Sect. 2, Vol. 3, pt. 8.

—— (1934), The Cambro-Ordovician Formations and Faunas of South Chosen,
palaeontology, pt. 2, Lower Ordovician faunas. Jour. Fac. Sci. Imp. Univ. Tokyo,
Sect. 2, Vol. 3, pt. 9.

—— (1935), The Cambro-Ordovician formations and faunas of South Chosen, Palae-
ontology, pt. 3. Cambrian faunas of South Chosen with a special study on the Cam-
brian Trilobite genera and families. Jour. Fac. Sci. Imp. Univ. Tokyo, Sect. 2, Vol. 4,
pt. 3.

——(1935), Is the Kenjiho (Kyeomip’o) limestone conglomerate a Gotlandian deposit?
Jour. Geogr. Tokyo, Vol. 47.

—— (1936), Coreanoceras, one of the most specialized piloceroids and its benthonic adap-
tation. Japan. Jour. Geol. Geogr., Vol. 13.

—— (1937), An occurrence of a new Permian Phyllocarid in South Chosen. Jour. Geol.
Soc. Japan, Vol. 46.

—— (1937), The geological age of the Mesozoic land floras in western Japan discussed
from the stratigraphic standpoint. Japan. Jour. Geol. Geogr., Vol. 46.

—— (1938), On the Noric age of the Nariwa flora of the Rhaeto-Liassic aspect. Japan.
Jour. Geol. Geogr., Vol. 15.

—— (1941), The Sakawa orogenic cycle and its bearing on the origin of the Japanese
islands. Jour. Fac. Sci. Imp. Univ. Tokyo, Sect. 2, Vol. 5, pt. 7.

—— (1941), Occurrence of the Kushan Trilobites in northern Anhui and a Note on the
Rakuroan complex of the Shankiangan basin. Jour. Geol. Soc. Japan, Vol. 48.

—— (1942), On the geological history of the Sungari series. Proc. Imp. Acad., Vol. 18.

—— (1942), On the climatic bearing of the Mesozoic floras in Eastern Asia. Japan. jour.
Geol. Geogr., Vol. 18.

—— (1942), The Sakawa orogenic cycle in the Amur geosyncline. Proc. Imp. Acad., Vol.
18.



130 KOREA

—— (1942), The Akiyoshi orogenic cycle in the Mongolian geosyncline. Proc. Imp. Acad.,
Vol. 18.

—— (1942), Stratigraphic relation among the Mesozoic fossil beds in the Koreo-Man-
churian land and their age determination. Proc. Imp. Acad., Vol. 18.

—— (1942), A few Cambrian Trilobites from southwestern Shansi. Jour. Geol. Soc,
Japan, Vol. 49.

—— (1943), Outline of the Cambrian system in the Yangtze basin, 1-3. Proc. Imp. Acad,,
Vol. 19.

——(1944), The Discovery of Olenus in South Chosen (Korea). Proc. Imp. Acad., Vol. 20,

—— (1944), On the Cambrian sea-connection between South Chosen and eastern
Teinshan. Proc. Imp. Acad., Vol. 20.

—— (1944), The zoopalaecogeographic province in the Upper Cambrian and Lower

Ordovician Periods. Japan. Jour. Geol. Geogr., Vol. 20.
—— (1949), The Glyptagnostus hemera, the oldest world instant. Japan. Jour. Geol,

Geogr., Vol. 21.

—— (1950), Chugoku region. Regional geology of Japan. Asakura Book Co.
—— (1950), On the Mesozoic history of Eastern Asia. Jour. Geogr. Tokyo, Vol. 59.

—— (1951), Older Mesozoic Estherites from Eastern Asia. Jour. Fac. Sci. Univ. Tokyo,
Sect. 2, Vol. 7, pt. 10.

——— (1952), Pre-Cambrian history of Eastern Asia. Japan. Jour. Geol. Geogr., Vol. 22.

rrrrr —(1952), On the southern wing of the Akiyoshi orogenic zone in Indochina and South
China and its tectonic relationship with the other wing in Japan. Japan. Jour. Geol,
Geogr., Vol. 22.

——(1952), Late Palaeozoic and Triassic Palacogeography of Eastern Asia and its Rela-
tion to the Floral Evolution. Compte Rendu, 3¢ Congr. de Strat. et de Géol. du Carbonifére
Heerlen, 1951.

—— (1952), Geology of the Kangweondo Limestone Plateau and its Relation to the
Geology of the Neighbouring Areas. Geology and Mineral Resources of the Far East,
Vol. 1.

—— (1953), Geology of South Korea with Special Reference to the Limestone Plateau
of Kogendo (Kangweondo). The Cambro-Ordovician Formations and the
Faunas of South Chosen, Part IV. Jour. Fac. Sci. Univ. Tokyo, Sec. 2, Vol. 8, pt. 4.

—— (1956), The Cambrian of Korea and its Relation to the Other Cambrian Terri-
tories. El Sistema Cambrico, su Paleogeografia y el Problema du su Base. Tom. 1,
XX Congr. Intern. México, 1956.

——(1956), Geology of Eastern Asia, Vol. 1. Asakura Book Co.

——(1958), Some Cambro-Ordovician Fossils from the Tan’yang or Tanyo District,
South Korea. Trans. Proc. Pal. Soc. Japan, No. 30,.

—— (1958-62), The Cambro-Ordovician Formations and Faunas of South Chosen,
Part V-IX.

Palaeontology 4. Some Ordovician Gastropods from the Mun’gyeong or Bunkei
District, South Korea. Ibid., Vol. 9, pt. 2, 1958.

Palaeontology 5. Additional Lower Ordovician Fossils from South Korea. Ibid.
Vol. 12, pt. 2. 1960.

Palacontology 6. Supplement to the Cambrian Faunas of the Tsuibon Zone with
Notes on some Trilobite Genera and Families. Zbid. Vol. 12, pt. 2, 1960.
Palacontology 7. Cambrian Faunas of the Mun’gyeong (Bunkei) District and the



GEOLOGY OF SOUTH KOREA 131

Samposan Formation of the Yeongweol (Neietsu) District. /bid. Vol. 8, pt. 2, 1961.
Palaeontology 8. The Machari Fauna. /bid. Vol. 14, pt. 1, 1962.

—— (1960), The Ordovician of Korea and its Relation to the Other Ordovician Ter-
ritories. Rep. Intern. Geol. Congr. 1960, Copenhagen. XXII. Ordovician and Silurian
Stratigraphy and Correlation.

—— (1961), Modern Progress of Geology in Japan. Jour. of Geography, Tokyo. Vol. 70,
No. 6.

—— (1966), Stratigraphy of the Chosen Group in Korea and South Manchuria and its
Relation to the Cambro-Ordovician Formations of Other Areas. Section A. The
Chosen Group of South Korea. The Cambro-Ordovician Formations and Faunas
of South Korea, Part X. Ibid. Vol. 16, pt. 1.

——and K. Aot (1942), A Study on the geology of the Bunkei (Mun’gyeong) district in
South Chosen with special reference to the stratigraphy of South Chosen. Proc. Imp.
Acad., Vol. 18.

——, A. Huzrra and T. Kmvura (1945), On the geology of the central part of southern

Shikoku. Japan. Jour. Geol. Geogr., Vol. 20.

and K. Icaikawa (1951), On Palaeopharus, a late Triassic pelecypod genus. Trans.
Proc. Pal. Soc. Japan, N.S. No. 1.

—— Iwava and S. HisakosHr (1943), Lattice analysis of the crustal deformation of the
Shorin (Songim) phase in the Yokusen (Okch’eon) geosyncline. Brief notes on the
geologic history of the Yokusen orogenic zone 3. Proc. Imp. Acad., Vol. 19.

——and Y. Kimo. (19), Cretaceous Estherites from the Kyéngsang group in the Tsu-

shima basin. Japan. Jour. Geol. Geogr., Vol. 20.

K. Suzuki, and F. Takar (1942), A preliminary report on the four distinct suites
of Mesozoic faunas in the Koreo-Manchurian land. jJour. Fac. Sci. Imp. Univ. Tokyo,
Sect. 2, Vol. 6, pt. 4.

——1I. Yosimura, Y. Iwava and T. Hukasawa (1941), The Yokusen (Okch’en) geo-
syncline in the Heian (P’yeongan) period. Brief notes on the geologic history of the
Yokusen orogenic zone 2. Proc. Imp. Acad., Vol. 18.

——1I. YosuimMura, Y. Iwava and T. Hukasawa (1941), The Yokusen (Okch’en) geo-
syncline in the Chosen (Korean) period. Brief notes on the geologic history of the
Yokusen orogenic zone 1. Proc. Imp. Acad., Vol. 18.

—— (1942), Geologic structure of the western part of the limestone plateau in south
Kogendo (Kangweondo). Brief notes on the geologic history of the Yokusen oroge-
nic zone 4. Proc. Imp. Acad., Vol. 20.

Koto, B. (1903), An orographic sketch of Korea. jJour. Coll. Sci. Imp. Univ. Tokyo, Vol. 19,
Art. 1.

—— (1909), Journeys through Korea. jour. Coll. Sci. Imp. Univ. Tokyo, Vol. 26, Art. 2.

—— (1915), Morphological summary of Japan and Korea. Jour. Geol. Soc. Tokyo, Vol. 22.

—— (1916), The great eruption of Sakura-jima in 1914. Jour. Coll. Sci. Imp. Univ. Tokyo,
Vol. 38, Art. 3.

Krysrorovich, A. (1926), Geology. Pacific Russian Scientific Investigation.

Leucss, K. (1935), Geologie von Asien, Bd. 1. Th. 1.

Magjima, T., S. Matsusaita and T. ONovama (1935), Geology and fossils from The
Hosan (Pongsan) coal-field, Kokaido (Hwanghae-do). Chikyu, the Globe, Vol. 23.

Maxkivama, J. (1936), The Meisen Miocene of North Korea. Mem. Coll. Sci. Kyoto Imp.
Univ., Ser. B, Vol. 11, No. 4.




132 KOREA

Martsumoro, T. (1952), Outline of the geologic structure of the basement of northern
Kyushu and western Chugoku. Sci. Rep. Fac. Sci. Kyushu Univ., Geol. 3, No. 2.
Marsumoro, T. et al. (1954), The Cretaceous System in the Japanese Islands. Japan,
Soc. Prom. Sci. Tokyo.

Matsusurra, K. (1950), Geology of the coal-field in northern Kyushu. Kyushu Mining
Jour. Sp. No.

MatsusHrTA, S. (1938), The anthracite coal-field of the southern Heian-nando (P’yeon-
gan-namdo). Rep. coal-fields Chosen, Vol. 13.

Nakamura, S. (1923), S. Zenra-do (Cheolla-do). Mineral resources of Chosen (Korea),
Vol. 12.

——(1924), N. Keisho-do (Kyeongsang-do), No. 3. Mineral resources of Chosen
(Korea). Vol. 15.

——(1924), Southern Part of Kogendo (Kangweondo). Mineral resources of Chosen
(Korea), Vol. 8, No. 2.

—— (1924), On the knowledge of the Ordovician formation in Korea up to the Present,

Chikyu, the Globe, Vol. 1.

and S. MartsusHiTA (1939), Pre-Cambrian in Manchuria and Korea. Proc. 5th,

Pacific Congr. Canada, 1933.

Naxazawa, K. (1951), Geological Structure of the Maizuru zone in Kyoto Prefecture,
Jour. Geol. Soc. Japan, Vol. 57.

Nuno, H. (1934), Fossil localities on the sea-bottom of the strait of Korea. jJour. Geogr.
Tokyo, Vol. 41.

—— (1934), Thyasira bisecta CoNrAD from the bottom of the Korean strait. Jour. Geol.

Soc. Tokyo, Vol. 41.

(1934), The second finding of Thyasira bisecta CONRAD from the bottom of the Ko-

rean strait. Jour. Geol. Soc. Tokyo, Vol. 41.

OBruTscHEw, W. A. (1916), Geologie von Sibirien. Fortsch. Geol. u. Pal., Hft. 15.

Ossar, S. (1940), The Mesozoic floras of Japan. Jour. Fac. Sci. Hokkaido Imp. Univ., Sec. 4,
Vol. 3, No. 1.

Ozawa, Y. and Waranagg, T. (1921), On two species of Estheria from the Mesozoic
shale of Korea. Japan. jJour. Geol. Geogr. vol. 2.

PumpELLY, (1866), Geological research in China, Mongolia and Japan. Smithson. contr.
to knowledge.

Raupacu F. (1934), Stratigraphische und tektonische Entwicklung des russischen
Fernen Osten, der Mandschurei und Zentral Mongolei.

RicuToFEN, F. von, (1831), China, Bd. 1.

Sarro, R. (1938), Study on the Yungning sandstone. Bull. Geol. Inst. Manchoukuo, No. 93.

(1940), The high peneplane in the northeastern part of Manchuria and its relation

to the auriferous Tertiary formations containing coal measures. Mem. Geol. Surv.

Manchoukuo, No. 5.

SHIMAMURA, S. (1925), Chinan (Chin’an) and Zenshu (Cheonju) sheets. Geol. Atlas of
Chosen, No. 3.

——(1927), Seizan (Ch’eongsan) and Eido (Yeongdong) sheets. Ibid. No. 7.

——(1930) Kwanto (Wanto), Rokwato (Nohwato), Seizanto (Ch’eongsanto), Taroto

(Taenangto) and Shoanto (Soanto) sheets. Ibid. No. 11.

—(

(

1931), Seiyo (Ch’eongyang) Daisenri (Taech’eonni), Fuyo (Puyeo) and Ranpo
Namp’o) Sheets. Ibid. No. 13.



GEOLOGY OF SOUTH KOREA 133

Summizu, S., Ozakr, K. and T. Oata (1934), Gotlandian deposits of northwest Korea.
Jour. Shanghai Sci. Inst., Sect. 2, Vol. 1.

Suiraki, T. (1930), Coal-fields of Kyojo-gun (Kyeongseong-gan). Rep. Surv. Coal-fields

No. 6.

(1933). Geological map of the Sanchoku (Samch’eok) coal-field.

——(1934), Geological map of the Bunkei (Mun’gyeong) coal-field.

—— (1940), The Sanchoku coal-field in Kogendo, Rep. Surv. Coal-Fields, Chosen, Vol. 14.

Suzukr J. (1935), On the metamorphic rocks in the southeastern part of Koryo-gun
(Kangnting-gun), Kogendo (Kangweon-do). Jour. Geol. Soc. Japan, Vol. 42.

Suzuki, K. (1940), Non-marine Molluscan faunule of the Shiragi (Silla) series in South
Tyosen (Korea). Japan. Jour. Geol. Geogr., Vol. 17.

—— (1949), Development of the fossil non-marine Molluscan faunas in Eastern Asia.
Japan. Jour. Geol. Geogr., Vol. 21.

Tapa, F. and S. INouve (1935), Topography and human geography of the upper Nandai
(Namdae-ch’eon) river in Kishu (Kilchu), Kankyo-hoku-do (Hamgyeong-bukto).
Guide-book of geological excursions in Korea, No. 5.

TakasasHI, E. (1950), On the horizon of fossil plants, Estherites and mollusks of the
Tonjin formation of the Kimpo (Kiump’o) coal-field, Korea. jJour. Geol. Soc. Japan,
Vol. 56.

Taxkar, F. (1939), Eocene mammals found from the Hosan (Pongsan) coal-field, Tyosen.
Jour. Fac. Sci. Imp. Univ. Tokyo, Sec. 2, Vol. 5, pt. 6.

—— (1944), Eocene Mammals from the Ube and Hosan coal-fields in Nippon. Proc.
Imp. Acad. Tokyo, Vol. 20.

Takar, F., MaTtsumoro, T. and Torivama, R. (1962), Geology of Japan. Unw. of Tokyo
Press.

Tatewa, I. (1924), Ennichi (Yeonil), Kuryuho (Kuryongp’o) and Choyo (Choyang)
sheets. Geol. Atlas Chosen, No. 2.

(1925), Kyokudo (Kuktong), Meisen (Myeongch’eon), Shichihosan (Ch’ilbongsan)
and Kotendo (Kocheomdong) sheets. Geol. Atlas Chosen, No. 4.

——(1929), Keishu (Kyeongju), Eisen (Yeongch’eon), Taikyu (Taegu) and Wakwan
(Waekwan) sheets. Geol. Atlas Chosen, No. 10.

—— (1933), On the cycle of erosion in Korea. Proc. 5th Pacific Sci. Congr. Canada, Vol. 2.

—— (1934), Cretaceous flora of Tsushima, Japan. Japan jJour. Geol. Geogr., Vol. 11.

Tcuavcuovsky, V. K. (1935), New data on the geology of the central part of the Mon-
golian National Republic. Problems of Soviet Geology, Vol. 5.

TeTIAEFF, M. (1933), Neue Angaben iiber die Verbreitung marine Trias in Trans-
baikalien. Bull. Geol. Prosp. Serv. USSR.

Tomrra, T. (1935), On the chemical composition of the Cenozoic alkaline suite of the
circum-Japan sea region. Jour. Shanghai Soct. Inst., Sect. 2, Vol. 2.

Yasg, H. (1905), Mesozoic Plants from Korea. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. 20,
Art. 3.

—— (1906), A contribution to the genus Fusulina with notes on a Fusulina limestone from
Korea. jJour. Coll. Sci. Imp. Univ. Tokyo, Vol. 21, Art. 5.

—— (1908), On the occurrence of the genus Gigantopteris in Korea. Jour. Coll. Sci. Imp.
Unw. Tokyo, Vol. 23, Art. 9.

—— (1927), Cretaceous stratigraphy of the Japanese islands. Sci. Rep. Tohoku Imp. Univ.,
ser. 2, Vol. 11, No. 1.




134 KOREA

—— (1944), Palaeogene age of the coal formation of the Ube coal-field, Yamaguchj

prefecture. Proc. Imp. Acad. Tokyo, Vol. 20.

and T. Suctyama (1959), Discovery of corals of Devonian type from Tyosen (Korea),

Proc. Imp. Acad., Vol. 15.

and Suzuki, A. (1955), Second occurrence of colonial coral of Devonian type in

Tyosen (Korea). Proc. Japan. Acad. Vol. 31.

and Tavama, R. (1929), On some remarkable examples of Drowned valleys found

around the Japanese islands. Rec. Oceanogr. Works, Vol. 2, No. 1.

Yamacucai, T. (1951), On the so-called Yonchon system and its regional metamorphism,
Jour. Geol. Soc. Japan, Vol. 57.

Yamanari, F. (1924), Mitsuyo (Milyang) and Yusen (Yuch’eon) sheets. Geol. Atlas
Chosen, No. 1.

—— (1926), On the imbricated structure in Kogendo. Geogr. Rev. Japan, Vol. 1.

Yokrovama, M. (1923), On some fossil shells from the Island of Saishu (Cheju) in the
Strait of Tsushima. Jour. Coll. Sci. Imp. Univ. Tokyo, Vol. 44, Art. 7.

YosHikawa, T. (1947), The geomorphic history of Central Korea. Jour. Geol. Soc. Japan,

Vol. 53.

(1950), Rock Floors of Central Korea. Geogr. Rev. Japan, Vol. 22.

YosHmmMura, I. (1950), Geology of the Neietsu (Yeongweol) district, Kogendo (Kang-
weon-do), Tyosen. Jour. Geol. Soc. Japan, Vol. 43.




GEOLOGY OF SOUTH KOREA 135

Plate 1

Yukpaeksan plane near Mt. Yukpaek, 1,220 m above the sea, in the left-lower part of the map.
Scale 1:100,000
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Explanation of Plate II

Figure 1. Isoclinal foldings of the upper part of the Korean system and the Hongjeom series in
the east of Sanyanggae, north of Oktong, Hadong-myoen, Yeongweolgun.

Figure 2. The Kongsuweon tectonic line along which the great limestone formation of the
Korean system thrusts itself onto the Daedong series. 1. Cheosa-dong and Cheoam on the
Hangang river in the NNE of Yeongweol.

Figure 3. Strong intraformational folding of the great limestone formation, in fluidal aspect be-
low the simply monoclinal basal conglomerate of the Bansong series on the large cliff at
Ch’ori, about 3km. to the east of Yeongweol.

Figure 4. Para-unconformity between the Hongjeom series above and the Tsuibon limestone be-
low, exposed on the bank of the Naktong-gang, at a point adjacently north of Dongjeom-ni,
Sangchang-myeon, Samch’eok-gun, Kangweondo.

Figure 5. Another exposure of the same para-unconformable relation as the preceding seen at
Kyesanmal, Sangchang-myeon, Samch’eok-gun, Kangweondo.

Figure 6. Conglomerate and conglomeratic sandstone of the Hongjeom series at Ungbong,
10km. due north of Yeongweol.
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Plate II
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Geological Map (IT) of the Taebacgsan Dislocation Zone.
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Volcanic Geology of the Cenozoic
Alkaline Petrographic Province of Eastern Asia

Toru Tomita

Introduction

The writer published the following two views concerning basaltic magma in
1932. (1) There are two types of basaltic magma: basaltic parental magma of the
alkaline rock series and a basaltic parental magma of calcalkaline rock series. (2)
Of these two types, the first is considered primordial or original magma. This is
juvenile magma, while the second is a secondary magma produced under the
cffect of sialic substances which constitute xenoliths of sedimentary origin and the
walls of reservoirs in the circum-Pacific tectonic zone (Tomrta, 1932).

After having advocated the above hypothesis, the writer has been striving for
years to verify and express it distinctly. Meanwhile, foreign geologists who enter-
tain the same view have increased in number (RirtmanN, 1936; BarTH, 1939;
WALKER and POLDERVAART, 1949; MacpoNALD, 1949). However, this view is still
hypothetical and is not conclusive enough to be supported by many geologists, and
there are a number of geologists who oppose the hypothesis. Nevertheless, in the
writer’s opinion, this is an important petrographic and geologic problem which
must be solved. The importance of the problem should not be denied on the ground
that it cannot be solved at present. We should make a concerted effort toward its
satisfactory solution.

At present, the writer is at a disadvantage, because he lost in the war specimens
collected in Eastern Asia, their sections, field-books, unclassified materials, un-
published geologic maps, field photographs, and sketches. It has been absolutely
impossible for the writer to carry out the research he had planned.

The writer is very dissatisfied, feeling that he is obliged to write the present
paper under such circumstances. Nevertheless, it may not be useless to prepare a
paper on the basis of knowledge which he still retains in his mind. It is hoped that
this paper may be of help to future investigators.

The present paper consists of the following three parts: (I) volcanic geology,
(IT) rock-forming minerals, and (III) petrogenesis. In Part I, Cenozoic volcanic
activities in North China, Manchuria, the circum-Japan Sea region, and the inner
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zone of southwestern Japan are correlated, and their volcanological characteristics
are discussed. In Part II, the natural history of rock-forming minerals of the Cen-
ozoic alkaline petrographic province of Eastern Asia is described. In Part III, the
classification of the evolution types of olivine-basaltic magma is attempted, and the
mode of magmatic differentiation is made clear. In addition, a mechanism of for-
mation of special rocks is discussed.

The writer’s thanks are due to Prof. Tateiwa for his assistance on the detailed
geology of Korea.

1. History of Research and Problems

According to Dr. Kotd, the petrographic province of Eastern Asia (1915), or the
Eastern Asiatic petrographic province (1916) is the region where Cenozoic basalts
are distributed in Eastern Asia. Basalt distribution centers around Korea, Man-
churia and Mongolia, and extends to Siberia and the coastal districts of South-
eastern China. KoT0 thinks that the southern margin of this petrogaphic province
reaches the inner zone of Japan and he plotted the southern boundary on a map.

On the other hand, since 1905, with the progress of geologic surveys in Cheju-do
and Ulling-do in Korea and in Matsushima, Kakarajima and the Oki Islands in
Japan, it has been discovered that alkaline volcanic rocks are distributed on these
islands. All these rocks belong to the Cenozoic. Hereupon, a doubt arose as to
whether the region bordering on the Sea of Japan including southwestern Japan
and the Korean peninsula was to be included in the alkaline petrographic province.
This was around 1910.

In those days A. HARKER’s (1896, 1909) view of the Atlantic suite and the
Pacific suite was dominant. Immediately after his publication of a map showing
the distribution of the suites the alkaline petrographic province came to be ques-
tioned in Japan. Therefore, it was extremely important to describe in detail and
publish the lithologic character of the alkaline rocks discovered in the petrographic
province in question. The achievements of Dr. Kozu (1911, 1912, 1913; Kozu
and SETo, 1926) who singlehandedly carried out the research on these rocks are
really meritorious. A report on the feldspathoid volcanic rocks from Ulliing-do
presented by Dr. Tsusor (1920), further confirmed the peculiarities of the petro-
graphic province in question. The localities which had been known up to that
time were mostly insignificant volcanic islands, and the quantity of alkaline
volcanic rocks was very small. As to their origin, most geologists seemed to believe
that DaLy’s theory (1910, 1918) was applicable, that is, alkaline rocks are produced
in small quantities as a heteropic facies of differentiation of basaltic magma.

However, the discovery of an enormous amount of alkaline rocks (trachyte or
rhyolite) in the Kilchu—Myodngch’6n district, Hamgydngpukto, Korea, (Yama-
NARI, 1925) not only confirmed the circum-Japan Sea alkaline petrographic prov-
ince but also furnished us with important problems on petrogenesis: (1) Alkaline
effusive rocks from the circum-Japan Sea alkaline petrographic province may
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possibly have been derived from basaltic magma as a result of crystallization dif-
ferentiation, that is, as a result of crystallization differentiation of basaltic magma.
Alkali-trachytes and alkali-rhyolites may have been produced, and on the other
hand, feldspathoid effusive rocks such as nepheline-bearing and leucite-bearing
rocks and limburgite may have also been produced. (2) The above mentioned
basaltic magma may be essentially different from basaltic magma (represented by
miharaite) which is considered the parental magma of andesites of the Japanese
type. Though both are called basaltic magma, when examined in detail there may
be at least two kinds of basaltic magma, one of the alkaline rock series and the
other calc-alkaline rock series. (3) The difference in the period of activity between
the basaltic magma of the alkaline rock series and the basaltic magma of the calc-
alkaline rock series may have been caused by different geologic environments
(geotectonics and crustal movements) or other factors.

In order to try to solve these problems, it was necessary (1) to confirm whether
the explanation of genesis based on crystallization differentiation of the alkaline
effusive rocks from the circum-Japan Sea alkaline petrographic province is proper or
not; and (2) to clarify whether the basalts from KoTd’s Eastern Asiatic petrograph-
ic province are different from those of the Japanese type, and to attempt geologic
comparison between the petrographic province in question and the petrographic
province of Japan.

Intending to solve these problems, the writer began to study Dogo in the Oki
Islands. In his first report (1922-1932) he disclosed the following points: (1)
through the evolution of feldspar, olivine, alkali-augite, and alkali-hornblende,
volcanic rocks such as alkali-trachyte and alkali-rhyolite were doubtless derived
from olivine-basaltic magma through crystallization differentiation; (2) two-
pyroxene andesites found in the same place as alkaline rocks differ from alkaline
rocks in age of effusion—effused prior to alkaline rocks—and in their parental
magma; (3) the parental magma of andesites of the Japanese type is siliceous
basaltic magma, as the parental magma of the alkaline volcanic rock series is
olivine-basaltic magma and the parental magma of the calc-alkaline volcanic rock
series is siliceous basaltic magma; (4) the parental magma of all volcanic rocks has
the nature of basalt belonging to the alkaline rock series. The parental magma of
the calc-alkaline series was produced as a result of parental magma being contam-
inated by xenoliths of sedimentary origin (alumina and quartz); (5) opportunities
of capturing xenolith are given by crustal movements; zones of orogenic folding are
subject to disturbance of the earth’s crust; therefore, the parental magma of the
calc-alkaline rock series is likely to form; (6) basalts which represents Kotd’s petro-
graphic province of Eastern Asia belong to the same series as basalts of the circum-
Japan Sea alkaline petrographic province. Consequently, the petrographic prov-
ince of Eastern Asia may be called the Cenozoic alkaline petrographic province
of Eastern Asia. In other words, the circum-Japan Sea alkaline petrographic prov-
ince is included in the Cenozoic alkaline petrographic province of Eastern Asia
and is a region where centers of magmatic differentiation are densely concentrated.
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In spite of these conclusions, many problems remain unsolved. Further geologic
and chemical studies will be required to explain the genesis of geologic phenomena
such as (4) and (5) mentioned above. The problem of the true nature of magma
cannot be clarified unless it is pursued not only from the viewpoint of mineral con-
stitution but also chemically and quantitatively. The results of the writer’s system-
atic study in these lines were published in a series (1935, 1936A; Tomrta and
Sakal, 1938). Alkaline rocks from various places in the circum-Japan Sea alkaline
petrographic province have been reported, though fragmentally, by other geol-
ogists.

Now, let us turn to the eastern Asiatic continent. Alkaline rocks from the continent
reported up to about 1933 were as follows: Nepheline basalt (Koro, 1912) from
Ying-e-men, Ch’ing-yiian-hsien, Feng-t’ien Province; olivine gray pseudo-basalt
and limburgite (Lacroix, 1928, 1919) from Manchuria, Jeho, Mongolia, and Shan-
tung; and barkevikite and monchiquite (Ocura, 1933) from Feng-t’ien and Kuan-
tung Provinces. However, the writer predicted that still more alkaline rock local-
ities would be discovered (1935, p. 298). A new locality at that time was where a
leucitic rock had been found in Wu-ta-lien-ch’ih volcano. After that, surveys were
made of the volcanoes in Manchuria, and it was found that the basalts in Man-
churia belong to the alkaline rock series. In addition, leucite basalt was reported
from Erh-k’o-shan in Lung-chiang Province (Ocura and Marsumoro, 1939) and
Ch’i-hsing-shan (OcurA, SawaTarI and Muravama, 1939) extending from Feng-
t’ien Province to South Hsing-an Province. Quite recently HarumoTo (1949A)
disclosed that the basalts in Hsi-hsia-hsien, Shan-tung Province, are all nepheline
basalt.

Moreover, in southwestern Japan, Harumoro (1949B) discovered that melilite
basalt occurs in the vicinity of Nagahama, Shimane Prefecture (famous as a
locality of nepheline basalt).

With the progress of the studies described above many rock types were dis-
covered. At present, in the Cenozoic alkaline petrographic province, a variety of
petrographic types ranging from acidic dike rocks such as paisanite and groru-
dite to the so-called typical alkaline volcanic rocks such as leucite basalt, nepheline
basalt and melilite occurs. But it must be emphasized that the problems of the
petrographic province do not differ at all from those which the writer considered
at the time he set about to study the province. (1) Many rock types were produced
by differentiation of the olivine-basaltic parental magma. What is the process of
differentiation ? (2) What is the geologic age of magmatic activity in the Cenozoic
alkaline petrographic province of Eastern Asia and how has the activity changed ?
(3) Of what type was the magmatic activity in the Cenozoic calc-alkaline petro-
graphic province of Japan which occurred at the same time as the activity in
Eastern Asia? (4) What is the genetic relation between olivine-basaltic magma,
which the writer assumes to be one of the parental magmas of igneous rocks, and
siliceous basaltic magma of the Japanese type (the writer’s Mihara magma), which
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the writer provisionally considers to have been produced secondarily from olivine-
basaltic magma (mostly by assimilating “‘sial”” substance) ?

2. Outline of Volcanic Geology

The Cenozoic alkaline petrographic province of Eastern Asia is very extensive.
In order to comprehend its extent, its geographic distribution will be described,
without regard to geologic age. The castern margin of the province is the marginal
part (or the continental shelf) of the castern Asiatic continent. In northeastern and
central Japan, the margin of the province seems to barely touch the coastal dis-
tricts of the Japan Sea (in Hokkaidd and Sakhalin). In the Chogoku district (Oka-
yama, Hiroshima, Yamaguchi, Tottori and Shimane Prefectures) and northern
Kyfishii, the margin penetrates deep into the Japanese islands and reaches the
so-called Median Tectonic Line. Islands on the continental shelf include the
following: the Oki Islands, Takeshima, Ulling-do, and small islands belonging
to the San’in district in the Japan Sea; Ikishima, Kakarajima, Matsushima,
and Madarashima on both sides of the Iki Strait; Goto and Cheju-do west of
the above islands; the southern islands, in the region extending from the northern
end of Taiwan to P’eng-hu-Tao; farther south, the region including the northern
part of Hainan Island and the Lei-chou Peninsula; and Wei-chou Island (Yacr,
1949)Y situated west of the above region. The northern half of the Korean penin-
sula exhibits the characteristics of the alkaline petrographic province. The Soviet
Maritime Province is also considered to belong to the alkaline petrographic prov-
ince. It is beyond question that North and South Manchuria, the Mongolian
plateau, and Jcho belong to the same province. This petrographic province ex-
tends probably as far as Siberia and is contiguous with the area of the arctic basalt
described by Worrr (1914).

In the Japanese Islands, there is a volcanic zone lying along the island arc (a)
and another volcanic zone crossing the island arc (b). Arc ais divided into the outer
volcanic zone and the inner volcanic zone. Petrographically, the outer volcanic
zone generally belongs to the pyroxene andesite series and the inner volcanic zone
to the hornblende andesite series (sometimes accompanied by biotite). Arc b is
represented by the Fuji and Norikura volcanic zones. In these volcanic zones, the
pyroxene andesite series occurs near the Pacific and the hornblende andesite series
near the Japan Sea —the side relatively near the continent. The volcanic zones,
which parallel each other and extend north and south, constitute a volcanic zone
on the west Pacific side in the circum-Pacific andesite zone.?

However, an olivine-basaltic region—in other words, the Cenozoic alkaline
petrographic province encompasses a great area closer to the continent than the

1 In Tung-ching Bay; 21°N, 109°E.
2) The relation between an active volcanic zone and a deep-focus earthquake plane (thrust
plane) is very important, but is not discussed in this paper.
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inner volcanic zone, which is represented by the above-mentioned hornblende
andesite series.

In southeastern Asia also, this distribution is remarkable. There is an outer
pyroxene andesite zone and an inner hornblende andesite zone in the andesite
zone in Java and Sumatra. Indochina and Borneo, which correspond to a more
continental part as compared with the Java—Sumatra arc, belong to a region
where olivine basalt—alkaline volcanic rocks—occur. Lacroix (1933) compared
the Cenozoic basalts from Indochina with those from Manchuria, Jeho, Mongolia,
and Shantung.

As mentioned in the beginning of this chapter, the above description was made
without regard to geologic changes. The present condition, however, is the result
of innumerable changes which occurred from the beginning of the Tertiary to the
present. The changes of the petrographic province which took place in the inner
zone of southwestern Japan are particularly noteworthy. It is no exaggeration to
say that it is impossible to discuss the problem of parental magma without knowing
of such changes.

As mentioned above, the Cenozoic alkaline petrographic province of Eastern
Asia occupies a very extensive region, the greater part of which has been a conti-
nent since the Mesozoic; the Tertiary formation is lacking in many cases. It was
found that the circum-Japan Sea alkaline petrographic province (one of the sub-
petrographic provinces of the Cenozoic alkaline petrographic province of Eastern
Asia) is the most suitable region for the study of geologic disturbances. However,
the changes throughout the Cenozoic cannot be revealed just on the basis of the
data of'this sub-petrographic province. In order to fully clarify the mode of changes,
comparative study is necessary, and the significance of each region must be clari-
fied.

Table | shows a tentative correlation of cach typical region. This table is not
conclusive but is published for reference and also as a foundation on which studies
in this line can be made easier in the future.

Any one who examines this table will notice many interesting facts about
volcanic geology and petrogenesis in the petrographic province in question. For
convenience’ sake, the volcanological history is divided into seven periods, and the
principal characteristics of each period will be described, in the sequence of older
to younger.

(1) The first period of volcanic activity (Paleogene to earliest Miocene)

Volcanic activity in the Paleogene has not been clarified at all except in the
vicinity of Fu-shun in South Manchuria, the Mongolian plateau, and the vicinity
of Fan-chih in Shan-hsi Province. These three areas are characterized by basaltic
activity.

In Fu-shun and Fan-chih the basaltic lava flows are intercalated by black shale
beds, which yield fossil plants. The fossils had been considered (particularly by
Chinese geologists) Oligocene, but, according to Expd (1931), they belong to
Upper Eocene. The basalt from Fu-shun is called kokuhangan (black porphyry) by
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some Japanese geologists, but it is unnecessary to use such a special name. From
this basalt, Dr. Sucr (1940) discovered a plagioclase, the optic axis of which is
abnormally small, and he explained that the optical abnormality is caused by
twinning. Plagioclase-like feldspar with a similar optical abnormality is frequently
found in the groundmass of basalts effused after the last period of Miocene in the
Cenozoic alkaline petrographic province of Eastern Asia. The writer (1931A) has
called it “potash andesine.” As is evident from the name, the writer attributed the
optical abnormality to molecules of potash feldspar which are more abundant than
in common plagioclase (ncutral feldspar). Potash andesine is a metastable feldspar,
and it was thought that such a metastable type was produced because a homogene-
ous crystal could not be formed as it was too rich in potash feldspar to crystallize as
plagioclase. Even now the writer has not given up this idea. MAcDONALD (1942)
discovered in basalt from Hawaii a feldspar which closely resembles the writer’s
potash andesine in optical property and mode of occurrence (it seems to be the
anemousite inferred by BartH, 1930) ; thus supporting the writer’s view concern-
ing the cause of optical abnormality, MacDONALD named it “potash-oligoclase.”
In short, potash andesine and potash-oligoclase are quite different from the ab-
normal feldspar which was described by Dr. Sucr. Basalt that contains these
minerals in its ground mass is rich in potassium (sometimes it is associated with
anorthoclase, but not always) and belongs to a very basaltic type. This is a charac-
teristic of basalts of the Cenozoic alkaline petrographic province. This is note-
worthy not only for rescarchers of these rocks but also, taking into consideration
that it is present in basalt of the Inner Pacific Ocean, for those studying the evolu-
tion of feldspar.

Basalt of the Mongolian plateau is one of the so-called plateau basalts. The
basalt forms lava flows several hundred meters thick, consisting of many lava
sheets. These thickly accumulated lava flows may not have been effused in the
same age. Actually, north of Ta-t’ung, there are volcanic cones similar to the Ta-
t'ung volcano group (Late Pleistocene). It is beyond doubt that the basaltic
lava flows effused from the volcanoes of this age overlic the Paleogene lava
flows. However, the Pleistocene lavas are not very abundant, so it is not a great
mistake to consider most of the basaltic lava flows in the Mongolian plateau
Paleogene.

The basaltic lava flow found in the vicinity of Fan-chih in Shanhsi Province is
composed of many sheets and is intercalated by black shale, which yields fossil
plants. The genera and species of the fossil plants are the same as those from Fu-
shun. Therefore, Chinese geologists consider them the same age.

The chemical composition of the basalt from the Mongolian plateau is quoted
from Lacroix’s report (1928, p. 48) and is shown in Table 2. In this table’s notes
the petrographic name adopted by Lacroix is shown. However, it is more reason-
able to call it analcite olivine-basalt than ‘basanitoid.”® Mongolian basalt is

3) A basalt which is chemically basanite but does not contain nepheline (i.e. a basalt in which
ne is calculated in the norm but is not contained in mode) is called basanitoid by Lacroix. His
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generally rich not only in analcite but also in other zeolites. In parts of the lava
flows, the lava is highly porous or amygdaloidal. In such a rock type abundant
zeolite is macroscopically noticeable and sometimes well-formed crystals of natro-
lite are found. Some rock types have fine veins of zeolite. Even in a rock type in
which zeolite cannot be easily detected with the naked eye, zeolite filling the inter-
stices is usually discernable under a microscope.? If we re-examine Table 2 with
this knowledge, we shall notice that in the rock type which contains more than the
norm amount of ne, the amount of H,O associated with Na,O increases. By this
fact it is understood that norm ze is attributable to analcite and natrolite. The pres-
ence of a fair amount of analcite basalt in the basalts of the first period of volcanic
activity described in this chapter is not limited to the Mongolian plateau basalt
but is found universally throughout the entire petrographic province. Since this
fact is significant volcanologically, it is especially noteworthy. Examples will be
cited below.

The Yongdong alkaline basalts in the Kilchu—Myongch’6n district, Hamg-
yong-pukto, Korea—These basalts form a thick layer of lava flows. Though their
relation to the overlying P’yongnyuk-tong beds is an erosional unconformity, the
longer lava flow, 1,000 m thick, extends over 50 km and disappears where cut by a
fault. The other flow is also cut by a fault or sinks into the ground. Its extent is
therefore unknown, but judging from the above figures, it may be thought a huge
lava sheet. Several places in this lava flow are agglomeratic; hence it is known that
there were many effusion centers. It was probably a large volcano of the Hawaiian
type in the earliest stage of the Miocene. A rock type (effusive rock type in the rel-
atively early period) in this basaltic lava flow is analcite basalt (Tomrra, 1933B),
and samples containing macroscopic well-formed crystals of analcite can be col-
lected in some localities. However, as a matter of course, the Yongdong alkaline
basalt is not entirely composed of analcite basalt. Generally speaking, it is olivine-
trachybasalt having many olivine phenocrysts; chemically speaking, one of its
characteristics is that it is rich in potassium. Its chemical composition is shown in
Table 3.

The Oil basalts associated with the Oil beds in the Yongil area are also olivine
basalt, but their lithologic character has not been ascertained. Though both are
altered, the original Shimonagu basalt developed on the west coast of D6go in the
Oki Islands and the Higashiyama basalt on the south side of Lake Shinji are in-
ferred to be undoubtedly olivine-basalt from the presence of pseudomorphs. In the

calculation of ne is based on the fact that the ground mass is rich in ne or that the Carnegie mole-
cule is contained in plagioclase (that is, anemousite). The writer does not agree with his opinion
on anemousite. (Tomrta, 1933A, P. 26).

4 Besides zeolite, chalcedony is found in the pores of these rocks. With respect to zeolite, there
is the following literature: Matsuzawa, 1., 1940, On the natrolite from the vicinity of Shen-wei-
t’ai, Inner Mongolia: Bull. Orient. Archaeol., Ser. B, v. 2, ‘Mongolian Plateau’, P. 29-31.

It is said that the basalts in this region are accompanied by trachyandesite and trachyte.
(Matsuzawa, 1., and Iwao, S., A geological study of several rocks developed in the Mongolian
Plateau, ibid., p. 1-28.)
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Shimonagu basalt there are large and small pores, which are filled with zeolites and
green carth; the zeolites, analcite, natrolite, and chabazite are distinguishable
(Tomrra, 1926, 1931B).

The basalt which has suffered thermal metamorphism by the Takayama gabbro
in Yamaguchi Prefecture is considered to be of the same age, that is, of the first
period of volcanic activity. A geologist who studied this thermal-metamorphosed
basalt supposed that this basalt was the same age as the Takayama gabbro (No-
Jima, 1941). However, as a problem on an extensive geologic phenomenon such as
volcanic activity, it may be reasonable to choose a correlation common to an ex-
tensive region.

It is thought that there was a time lag between the active period of the Mongolian
platecau and that of the regions cast of it. That is, Mongolian basalt was effused in
the early Oligocene (or in the beginning of Locene), but the effusion occurred in
the end of the earliest period of Miocene in the Yongil area in South Korea and in
the San’in district, Japan. In the Kilchu-—Myongch’on area, the active period
was between the above two activities, that is, in the beginning of the earliest Mio-
cene (or beginning in the end of the Oligocenc).

It is very interesting that in Japan the activity in the carliest Miocene is repre-
sented by the calc-alkaline rocks (pyroxene andesites and rhyolites), while there
was no activity of those rocks in the region extending from the Kilchu—Myong-
ch’on district to the continent. The only exception is the Yongil arca which belongs
to the petrographic province of the Japanese type. This remarkable contrast did
not appear in the Tertiary but had existed from the Cretaceous (though the extent
of the petrographic province was somewhat different).

The next problem which is worthy of notice is that of the Miocene alkaline
rocks in the Fossa Magna zone in the central part of Japan. In the writer’s opinion,
the age of the famous teschenites in Takagusayama was the end of the first
period of volcanic activity; the volcanic activity represented by the Misaka
beds is older than the age of the above teschenites (during the earliest Miocene).
If this correlation is correct, the following petrographic province can be re-
cognized: the basaltic province that surrounds Japan and, through the present
San’in district and the Hokuriku district, extends to the Paciflic via the Fossa
Magna. In this petrographic province alkaline trachyte was produced under
favorable conditions. An example may be scen in Ryiisdozan north of Shizuoka
City (Magrvama, 1950). The differentiation tendency observable in this example
is not only the same as that of the above-mentioned Mongolian basalt but also as
that of the alkaline volcanics formed in the end of the Tertiary. Thus, part of the
features of the Cenozoic alkaline petrographic province of Fastern Asia had al-
ready appeared in the earliest Miocene.

(2) The second period of volcanic activity (Early and Middle Miocene)

This is actually a period of no alkaline volcanic activity. On the Chinese con-
tinent it was a long crosion period and in the last stage the Shanwang series (prob-
ably a lacustrine deposit, famous for abundant yield of fossil plants) was deposited.
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In Hamgyong-pukto, Korea, it was the period of deposition of the P’yongnyuk-
tong, the Hamjindong, and the Manhodong beds. Though there was some basaltic
activity in Hamgyong-pukto, it was inconsequential compared with the scale of
other magmatic activities apparent when the Cenozoic alkaline petrographic
province of Eastern Asia is viewed in the light of ages and regions.

In spite of such tranquil conditions on the continent, the petrographic province
of Japan experienced a period of prominent igneous activity; volcanic rocks were
formed and plutonic rocks were intruded.

The first activity in the petrographic province of Japan in this period is repre-
sented by rhyolites, and the effusion of the rhyolite was followed by the eruption of
two-pyroxene andesites. Prominent volcanic activities that occurred in this se-
quence were accompanied unquestionably by tuff and agglomerates, and tuffite
was formed in the areas of deposition; the rocks are distributed almost through-
out Japan (though their petrographic characters differ in different areas).

The first activity in this period was a disturbance which occurred in the Early
Miocene. From the end of the Early Miocene to the beginning of the Middle
Miocene there was a calm period of erosion and deposition which continued for
some time, and then volcanic activity again became prominent (about the middle
of the Middle Miocene). No rhyolite was erupted in this period, but in the Inland
Sea zone, peculiar biotite andesite and amphibole andesite was formed. Similar
rocks are found in the San’in district. Andesite of the same period is found in
Dago, but it is only two-pyroxene andesite. Exceptionally, in the south shore area
of Lake Shinji, no volcanic activity occurred. The Kimachi and the Fujina beds
were deposited. (It seems that a strait which may be called the Shinji Strait, was
formed during this period.)

A great episode in this period was the intrusion of the Tertiary plutonic rock
mass, examples of which are observable in various places in Japan. The Takayama
gabbro mass which has been well-known for a long time belongs to this period.
Aplite occurs on the northwestern side, cutting the mass. This fact suggests the
formation of acidic rocks during the same period. Actually, concerning the ex-
amples in the San’in district only, in Tamasakimura, northeast of Susa, dikes of
granite porphyry traverse the Miocene series and in Dozen, the Oki Islands, nord-
markite cuts the Miocene series. This Miocene series is thought to belong to the
Early or Middle Miocene.

The Tertiary plutonic rocks in the Fossa Magna zone and those in Tanzawa-
yama are probably of the same period. Moreover, in the granites of the outer zone,
granite, apparently of the same period, occurs.? The granite mass in the Chagoku
district is more questionable. This mass seems to be a fairly involved complex of
rock masses, and it is supposed that granites of this period may be contained in the
complex. It is expected that future study will solve the problem.

5) T. KosavasHI infers that the granite mass traversing the Cretaceous formation in Uwajima,

Shikoku (Takatsuki granite mass) intruded in the Miocene: Kosavasui, T., 1950, Regional
geology of Japan (Shikoku district) : Asakura Shéoten, Tokyo, p. 59.
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In short, in Japan this period indicates a pure calc-alkaline petrographic pro-
vince, extending as far as the Yongil area, South Korea, while on the continent it
was a period of dormant volcanic activity.

The Yongil area, Korea, is particularly worthy of notice. This area kept in step
with the petrographic province of Japan in the second period as it did in the first
period. That is, the area was calm in the second period and was in a geologic en-
vironment quite different from that of the alkaline petrographic province. The
area, however, was calm in the Pliocene when the alkaline petrographic province
became active. Thus, the Yongil area, though geographically located at one end of
the Korean Peninsula, geologically belongs to the Japanese islands, which seems to
suggest that the Korean peninsula was connected with the Japanese islands in the
Pliocene and had similar geotectonics.

When the second volcanic activity gradually subsided, a period of erosion and
deposition continued for some time in Japan also, and from the end of the ecarly
stage of the Late Miocene a great diastrophism occurred in Eastern Asia.

(3) Third period of volcanic activity (Late Miocenc)

The period’s great diastrophism was the activity of olivine-basaltic magma in
the beginning of the period, which extended at least over the northern half of
Eastern Asia. In Taiwan Miocene olivine basalt occurs in the vicinity of Ma-wu-tu
in Hsin-chu Prefecture (the present Hsin-chu district, Hsin-chu Prefecture)
(YeN, 1949). This basalt may be an effusive rock of the same period.

The activity of basaltic magma in and after this period modified the features of
the Cenozoic alkaline petrographic province of Eastern Asia and complicated the
relation between the Cenozoic alkaline petrographic province of Eastern Asia and
the andesitic province of Japan. Therefore, in a study of the Cenozoic alkaline
petrographic province of Eastern Asia, special attention should be paid to the
activity of basaltic magma. For convenience’ sake, the basalts of this period are
named B,.% .

The chemical composition of By basalt is shown in Table 4. As is evident in the
table, the basalt from Wei-ch’ang in Jeho Province (Nos. 11-13) is poor in an and
rich in or in the norm. Basalt of a similar type occurs in Dogo. These belong to
basalts in which differentiation has progressed. Nos. 14, 15, and 17 from Japan
contrast sharply with the above basalt. These are rich in an and relatively poor in
or. Nos. 14, 15, and 17 closely resemble one another in chemical composition
(particularly remarkable in the feldspar constituent in the norm). In spite of that,
it is interesting that their localities— D6go, Kaho in Fukuoka Prefecture, and
Shédoshima in the Inland Sea,— are relatively far apart.

In many petrographic provinces and comagmatic regions in the world, basalts
of very similar character were effused in various places throughout extensive re-
gions and during a relatively short period. The writer calls such basalts “areal

% For the same reason, the basalts after this period are abbreviated as follows: Early Pliocene
basalts: B,; Older Pleistocene basalts: B;; Younger Pleistocene basalts: B,; and alluvial basalts:
B;. This nomenclature of B,—-B; is used for geologic units and not for types.



150 KOREA

»

basalts” (1951). The above-mentioned nos. 14, 15, and 17 are good examples of
areal basalts. The “areal” does not imply a mode of occurrence like the so-called
‘platcau basalts.” Rather, the basalts form sometimes a lava flow covering an ex-
tensive arca (the Deccan basalts), sometimes a group of dikes (the Scottish basalts),
and sometimes they occur sporadically (Hawaiian basalt). In general, extensive
lava flows are apt to attract attention, but if, in sporadic occurrences, the rocks
closely resemble one another in lithologic character, that resemblance must be an
important characteristic.

Nos. 14, 15, and 17 lack macroscopic phenocrysts, and it is understood that the
chemical composition shows the constituents of original magma. Therefore, not
only petrogenetically but also geologically the rocks are very significant. The
writer, as a result of various petrogenetical studies, regards no. 15 as representative of
the parental magma of various alkaline volcanic rocks. It is thought that the paren-
tal magma of alkaline volcanic rock series in the Cenozoic alkaline petrographic
province of Lastern Asia is also the magma of olivine-basalt of a similar character.

That alkaline volcanic rocks were formed through differentiation from such
olivine-basaltic magma is known by the presence of rocks of a type intermediate
between trachybasalt and alkaline trachyte in various types, summarized by the
geological term basalts. In Dogo, the Oki Islands, the first alkaline trachyte (A'l)
was effused. This AT, is mainly plagioclase-bearing anorthoclase-trachyte, and,
when the evolution system of feldspar is traced, shows evidence of magmatic evolu-
tion from trachybasalt to alkaline trachyte. There was a period of erosion and
deposition after the effusion of By, and the Hotokedani beds were deposited in
Dogo. The eruption of AT, seems to have begun with violent explosions in the
course of the deposition of the Hotokedani beds, and a thick pumice bed of AT,
directly covers the upper part of the Hotokedani beds. In some places the basal
part of the AT, lava flow forms an obsidian cliff, indicating that it was a lava flow
which flowed into the water.

Table 5 gives a chemical analysis of AT, from Ddgo. As is evident in the table,
though the amount of silica varies considerably, the constituents of norm feldspar
fall within fairly definite limits. Morcover, the minimum value of the constituent
an is within the limits of 6-8. This minimum limit may be regarded as almost fixed.
This datum is highly serviceable when the evolution of feldspar is discussed, but
further discussion 1s omitted from this paper.” In short, it is fortunate that rocks
which are significant petrogenctically occur in our petrographic province.

Volcanic rocks correlated with AT, of this nature have not been discovered in
other areas in this petrographic province. An important discovery, however, was a
pumice bed found intercalated in the Matsue beds, in the vicinity of Matsue, on
the mainland across from Dogo. The discovery that the white pumice constituting

7)) The writer considers it appropriate to determine the boundary between the ‘““plagioclase”
province and the “orthoclase™ province in the feldspar composition diagram by the rocks con-
taining plagioclase and anorthoclase or the rocks containing the crystals of zonal plagioclase
and anorthoclase.
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this pumice bed is of the same composition as the pumice which is the carly ejecta
of AT, in Dago played a more important part in the corrclation of the two arcas
than did fossils (Tomrra and Sakar, 1938). The writer believes that it is necessary
to apply this correlation method in stratigraphical studies.

In the third period of volcanic activity, the first eruption of sanukitic andesites
occurred in the Inland Sea zone (at least in Shodoshima). The geologic age of the
eruption was probably the end of the Miocene and the age has been correlated
with the age of AT,. The following phenomenon is interesting: in the early part of
the third period olivine-basalt (areal basalt) of a similar lithologic character was
effused both in Dogo and Shodoshima. However, in Ddgo, which is the inner area
of the petrographic province where the evolution of olivine-basaltic magma pro-
gresses, alkaline trachyte was formed, and in the Inland Sca zone, which is the
marginal part of the petrographic province, a peculiar rock of sanukitic andesites
was produced.

Whether the difference in formation is related to the difference of geologic en-
vironments becomes a problem. Study of this problem is interesting and very im-
portant volcanologically, and I would like to suggest the following conclusions.

(1) The crust of the Inland Sea zone is a fractured zone and its geologic structure
is very complicated. (This can be partially inferred from the features in the vicinity
of the Nagatoro metamorphic rock zone in the Chiibu district). (2) Into such a
crust olivine-basaltic magma intruded from a deep subterrancan area. During
intrusion and in a magma reservoir after intrusion, the nature of the magma
changed as crustal substances were supplied to the magma from the magma con-
duit and the wall of the magma reservoir., (3) I'rom such secondary magma sanu-
kitic andesites differentiated and were formed by crystallization.® (4) In the inner
part of a petrographic province like Dogo, the subterrancan geologic structure is
relatively simple, and magma which may rightly be called secondary magma was
not formed or was formed only slightly. Hence, crystal dillerentiation may be re-
garded as having occurred directly from juvenile magma.

In short, by the third volcanic activity, the features of volcanic rock formation
exhibited by the sccond volcanic activity had changed completely. In particular
Dé&go in the Oki Islands, which had belonged to the calc-alkaline petrographic
province, changed to the alkaline petrographic province. There are in the world
several instances of an area which belonging to a certain petrographic province in
some period changing into an arca belonged to an entirely different petrographic
province in another period. The writer has called this phenomenon “petrographic
revolution™ (1936). This is an extreme magmatic cycle. T should point out that
genetical studies of igneous rocks without any conception of magmatic cycle or
petrographic revolution frequently breed careless error.

8) In my opinion, xenoliths which we can collect as samples were captured in the period when
the assimilation of magma declined. The nature of the magma had been considerably changed in
this period. The mode of change in xenoliths due to magma has been studied and reported, but

the research must be accumulated. Current knowledge indicates only a part of the changes in the
nature of magma and may not deal thoroughly with the formation of secondary magma.
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A prominent geologic phenomenon in the final stage of the third period of vol.
canic activity was peneplanation. A good example of this phenomenon is found i
Hamgyong-pukto, Korea. In this region, gneisses which are the bedrock border op
the Miocene series by a remarkable fault, and after the region was peneplained the
lava flow of the Chaedoksan basalt was eflused. This remarkable fault (Yamanari’
great Kilchu —Myongch’on fault) was formed after the deposition of the Middle
Miocene series and before the peneplanation. No fault which can be assigned to
this period has been discovered in other regions. The level plane underlying the
Laohotingtzu basalt in the P’acktu-san region is thought to be the same age as the
peneplain in question. It is said that a similar level plane is found also in Map.
churia. The eastern part of the Shan-tung Peninsula is famous for the development
of old topography, and a level plane is found at the bottom of the basaltic lava flow
in this district. In Japan, a level plane in the Kitamatsuura Peninsula, northern
Kytshii, recently pointed out by the writer, is a good example. In this peninsula
also the level planc has been preserved by a covering basaltic lava flow. The lava
platcau topography exhibited by the basaltic lava flow can be attributed to the
underlying peneplain. Furthermore, the low-level peneplain in the Chiigoku dis-
tricts is also of this age. The conclusion is that this peneplanation occurred exten-
sively in at least the northern half of the Cenozoic alkaline petrographic province
of Eastern Asia. On the other hand, there were also areas of deposition. In short,
the third volcanic activity completely subsided with the end of Miocene.

(4) The fourth period of volcanic activity (Pliocene)

The volcanic activity of this period also began with the eruption of basalts,
Generally speaking, the basalts (B,) formed a typical lava platcau; the eruption is
typed as a fissure eruption.?” Of course the lava plateau has been cut into buttes by
later fluvial erosion. The great lava plateaus in the western part of North China,
Manchuria, North Korea, and Shan-tung belong to this age. In these regions, the
lava plateaus lie on the peneplanes, and their flat surface is partly attributable to
the fact that they flowed onto the pencplanes.

In Japan, B, has preserved platcau topography in the southwestern part of
northern Kytisht. The remarkable level plane of the Higashimatsuura Peninsula
is attributable to a basaltic lava flow, and the level plane has been preserved under
the lava flow. B, in the Chtigoku district is exceedingly croded and dissected. In
some areas basaltic blocks lic scattered on the summits or lic sporadically in the
cultivated farmlands. Therefore, the original mode of occurrence is not known at
all.

B, is composed of various basalts. Compared with B,, the variation in the basalts
is remarkable. In certain lava flows (actually several lava sheets in layers), the type
of variation is macroscopically distinguishable from the lower part upward. Since
there is type variation in diflferent arcas, it is difficult to summarize the character-

) B; which will be described below exhibits a similar topography. In the field, B, cannot be

distinguished easily from B,. In the northern part of Korea and South Manchuria, there are
several examples where By flowed down the valleys and developed in the B, lava plateaus.
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istics of B,. However, a general characteristic is that the porphyritic type is pre-
dominant, and phenocrysts of pyroxene and plagioclase are conspicuous. As a
geologic unit, these are customarily described simply as basalt, but strictly speak-
ing, they belong to olivine trachybasalts. There are very few chemical data for the
rocks (Table 6).

We should note that special alkaline rocks, that is, limburgite, nepheline basalt,
and melilite basalt, are contained in the basalts belonging to B,.

Limburgite has been reported from Ch’i-hsing Shan (part of Tai Shan), T’ai-
an Hsien, Shan-tung Province, Ogusoyama, Shimane Prefecture, and Sukumo-
zuka in the vicinity of Tsuyama, Okayama Prefecture, but the mode of occurrence
is not known for any locality. It probably occurs in small rock bodies like volcanic
necks. Limburgite was also described from Chi-lin Province (Mu-tan-chiang Prov-
ince) Manchuria, Mu-ling-ho, the area southwest of Lin-hsi-hsien, Jeho Prov-
ince, and Ta-li-po, Chin-p’eng-hsien, Jeho Province (Hsing-an Province). The
geologic age of these examples is unknown. For convenience’ sake, limburgite is
described in this paper together with the above-mentioned rocks. Their chemical
composition is shown in Table 7.

Nepheline basalts occur in Ts’ao-shih-erh, Ying-e-men, Ch’ing-yiian Hsien,
Feng-t’icn Province;in the vicinity of T’ang Shan, Hsi-hsia Hsien, Shan-tung Prov-
ince; and in Nagahama, Shimane Prefecture. The nepheline basalts in Ying-e-
men and Shan-tung form lava plateaus. The manner of occurrence of the nepheline
basalts in Nagahama is not known. Melilite basalt occurs as a type of lava in the
vicinity of Takano. A chemical analysis of nepheline basalts from Eastern Asia is
shown in Table 8. The basalt in which the magmatic water is contained was nephe-
line basalt from Nagahama. The same problem arose in the basalt from the Kita-
matsuura coal field in Kytshii, which in the writer’s opinion is also a B, basalt.

These peculiar alkaline rocks are distributed in areas where neutral or acidic
alkaline volcanic rocks (alkaline trachyte, pantellerite, comendite, etc.) are not
found. Furthermore, they have not been discovered in areas where neutral or
acidic volcanic rocks do occur. Hence, one may conclude that at least in the Ceno-
zoic alkaline petrographic province of Eastern Asia, limburgite and nepheline
basalts (including melilite basalt) do not occur associated with neutral or acidic
alkaline volcanic rocks. It is thought, therefore, that those peculiar alkaline rocks
were formed through an entirely different process—though the original magma of
both was the same.

The climax of the fourth period of volcanic activity is represented by the erup-
tion of neutral or acidic alkaline volcanic rocks. This was an astounding event
throughout this petrographic province. It was a remarkable contrast to the very
slight volcanic activity in the Japanese Islands at this time. It is noticeable that san-
ukitic andesites (the second eruption of the rocks) were formed in the Inland Sea
zone and the Kyasha district which are on the margin of this petrographic province.

There were only a few centers of activity of neutral or acidic alkaline volcanic
rocks:
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P’aektu-san : The description of this volcanic body has been omitted
as it is not within the province of this paper. The eruption of alkaline volcanic
rocks began with alkaline trachytes, gradually progressing through lava of high
acidity, and at last ending in comenditic lava. This sequence is the same as that in
the Kilchu—Mydngch’sn district in Hamgyong-pukto, Korea, and D6go in the
Oki Islands. The chemical composition of those lavas is shown in Table 9.1

P’acktu volcanic zone: Soback-san, Pukp’ot’ac-san, Changgun-bong,
Hwang-bong, Kwandu-bong, P’acksa-bong, Namso6l-lyéng, and Turyu-san which
rise in a row toward the ssE or sE from P’acktu-san are composed of alkaline
trachyte or alkaline rhyolite. That is, according to Yamanari (1928), Hwang-bong
and Kwandu-bong are composed of alkaline rhyolite and the others are of alkaline
trachyte. According to Kinozakr (1932), Turyu-san is composed of alkaline
trachyte (chemical composition: Table 10, no. 3). These mountains, consisting of
alkaline volcanic rocks, were named by Kawasaxkr (1927) the P’aektu volcanic
zone. He considered that this volcanic zone extends farther towards the southeast;
that is, he thought that Ch’ilbo-san in Kilchu-myon, Ungdok, Kapsan (in Hamg-
yong-namdo; chemical composition: Table 10, nos. 79 and 83), and even Ullting-
do in the sea belong to the P’acktu volcanic zone. Developing this view, Homma
(1930) established an arcuate alkaline rock volcanic zone including the Oki Islands
and trachyte forming the hills between Tsuiyama and Kinosaki in Hyogo Prefec-
ture.

If such a volcanic chain or zone is recognized, a volcanic zone including the Oki
Islands, Matsushima and Kakarajima in northern Kytshi, and Cheju-do must be
recognized. However, it is highly questionable whether the distribution of alkaline
volcanic rocks may be treated within the concept of a so-called volcanic zone.

Kilchu— Mydngch’on district, Hamg yong-pukto, Korea (sce Table 1): The
eruption sequence of alkaline volcanic rocks (TaTerwa’s Ch’ilbosan group) in this
district has not been thoroughly disclosed in spite of the detailed survey by
Yamanart and TATEIwA and the writer’s supplementary survey. The reason is that
the alkaline volcanic rocks are widely distributed and some groups are isolated.
Most of the rocks, however, are correlated with those of Ddgo. The varieties which
do not occur in Dogo are the Chaedoksan basalt, the Namyangdong beds, and AT,
(Kal-san, Mokchin, and Sangam-san alkaline trachytes), which belong to a series
of groups having the genesis of the above order. Since the Chaeddksan basalt be-
longs to B,, these varieties are older than the alkaline volcanic rocks in Dégo; in
other words, they correspond to the lowest part of the Ch’ilbosan group.

If this correlation is correct, the eruption cycle in this district proceeded from
neutral rocks to acidic rocks and was repeated twice. It occurred only in the
Pliocene, but in Dégo it was a long-range event extending from the Late Miocene
to the Pliocene, and there are some differences in lithologic character (the differ-
ence of AT, in the above two areas is particularly remarkable). Generally speaking,
however, not only the geologic disturbances but also the lithologic characteristics

10) For comparison purposes Table 9 includes the chemical composition of Pleistocene ejecta.
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in the two areas closely resemble cach other. Sometimes it is very difficult to deter-
mine from which of the two areas a sample was collected.

The chemical composition of alkaline trachyte and alkaline rhyolite in this dis-
trict is shown in Table 10. For purpose of comparison with the above rocks, the
chemical composition of the Turyusan alkaline trachyte (no. 73) and comendite
(nos. 79 and 83) from Kapsan in Hamgyong-namdo is also shown in the table.

Data alrcady published are shown in Table 11. Generally speaking, these rocks
are richer in alumina than silica. It cannot be readily concluded whether this fact
is due to a peculiar rock type different from the general chemical characteristics of
the rocks in this district shown in Table 10 or whether it is an error in analysis.
(For various reasons the writer supposes it to be the latter. At any rate it is shown
as an appended table for future reference but is not used as a datum for genetical
discussion).

Dago, Oki Islands : Do6go is a match for the above-mentioned Kilchu
—Myongch’6n district in the occurrence of many rock types. As described above,
B, has not been discovered in Ddgo and rock formations corresponding to the
Namyangdong beds and Kalsan, Mokchin, and Sangamsan trachytes developed
in the Kilchu—Myo6ngch’on district are also lacking on the island. Hence, the
oldest Pliocene series there is the Nakajima beds, which are correlated with the
Naesandong beds in the Ch’ilbosan group. Later formations are essentially the
same as those developed in the Kilchu—Mydngch’on district, and the types of
alkaline volcanic rocks in the two areas strikingly resemble each other. One out-
standing example which the writer observed during his survey will be described
immediately below. Lava corresponding to the Puhyang alkaline rhyolite (Table
10, no. 78) in the Kilchu—Mydngch’n district is not found on the surface in Dogo,
but an ¢jected block was discovered in the Washigamine beds in Ddgo. Their
similarity is unquestionable from a comparison of the chemical compositions of the
two rocks. The chemical composition of the ejected block in Dogo is listed in Table
12, no. 95.

Worthy of special mention concerning the volcanic geology of Dégo is the fact
that peculiar alkaline dike rocks were intruded after the eruption of comendites.
The dike rocks are partly paisanite and grorudite, which may be called alkaline
quartz porphyry, and partly tinguaite porphyry, which may be called a phonolitic
trachyporphyry. The time sequence of these rocks is not known. My view is that
these dike rocks represent the final stages of the cycle of alkaline magma activity in
Dégo, that is, there was no eruption of Pleistocene alkaline neutral and acidic rocks
in Dégo.

Table 12 lists the chemical composition of the alkaline trachyte and later differ-
entiated types of D6go. Many analyses of alkaline rhyolites are contained in the
table, because various types of rocks were analyzed in order to ascertain that there
are two types in the evolutional system of the rocks there.

Dazen, Okt Islands : The oldest rock formation in Dézen is the Tertiary
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formation (probably Early or Middle Miocene) and quartz syenite body'? which
traversed the Tertiary and contact-metamorphosed it. This plutonic rock body
may be correlated with the Takayama gabbro and the Tamasaki granite porphyry
in the San’in district. It may be a body that intruded in the end of the Middle
Miocene.

The volcanic rocks of Dozen were described by Kozu (1913) and Shimoma
(1928). According to Kozu, there are (K,) trachybasalts, (K,) olivine-bearing
glassy trachyte (chemical composition shown in Table 12, no. 109), (K;) horn-
blende trachyte, (K,) biotite trachyte, (K;) hornblende-bearing plagioclase
trachyte (chemical composition shown in Table 12, no. 109), and (K;) aegirine
augite trachyte. According to SHIMOMA, (S;) trachybasalts and basalts, (S,) ande-
site, (S;) trachyandesite, (S,) plagioclase-bearing biotite-augite trachyte, (S;)
biotite-augite trachyte, (Sg) hornblende trachyte, (S;) olivine-bearing biotite
trachyte, and (Sg) comendite occur in Dozen.

When the Dozen types are compared with those from D&go, some types are seen
to resemble each other and others are quite different. Andesite does not belong to
the eruption cycle of alkaline volcanic rocks, but probably to the pre-alkaline vol-
canic rocks. Trachybasalts and basalts are roughly divided into two groups on the
basis of the period of eruption, pre-alkaline trachytes and post-alkaline trachytes.
Alkaline trachytes which traverse the former are developed in a radial dike group
with Takuhiyama at the center. This development is a remarkable example of
radial dike groups in Eastern Asia. From their geological relation, the trachybasalt
and basalt of the pre-alkaline trachytes unquestionably belong to By, and those of
the post-alkaline trachytes to B;. The presence of those belonging to By has not
been established.

Many of the trachytes from Dézen contain plagioclase (andesine or oligoclase)
and also hornblende and biotite. These probably correlate with AT, in Dogo. How-
ever, a type (K;) described as aegirine-augite trachyte belongs to AT,, and comen-
dite (Sg) is comenditic. Therefore, though few in number, they distinctly show that
they passed through a cycle of formation of alkaline volcanic rocks.

In short, it is hoped that geologists will study in detail the volcanic geology and
volcanic rocks of Dézen just as they have studied the adjoining island of Dégo. The
rock types from Dozen are very interesting petrogenetically.

Matsushima, Kakarajima, and Madarashima, Nagasaki Prefecture : The
three islands, Kakarajima, Matsushima, and Madarashima, between Iki Island
and the Higashimatsuura Peninsula, that is, in the Iki Strait, are composed of
basalts and alkaline trachyte. In Matsushima alkaline trachyte is predominant
(chemical composition: Table 13, nos. 111 and 112) and is well-known since olden
days (Orsuki, 1910, Kozu, 1911). The time sequence of the alkaline trachyte and
the basalt has not been confirmed. According to Otsuki, dike-like basalt is found on
the northeast coast of Matsushima, so the eruption of the alkaline trachyte may be

11) Kézu calls the quartz syenite “kurokigan” (Kozu, S., 1914, Igneous rocks in the Oki Islands;
Bull. Geol. Surv. Japan, no. 1, p. 83)
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prior to the eruption of the basalt. If this observation is correct, this dike-like basalt
was effused after the Pliocene and may belong to B, of the Pleistocene.

The alkaline trachyte of Madarashima is more acidic than that of Matsushima
and is a variety close to alkaline rhyolitic rock. In this island the time sequence of
this rock and basalt is unknown (personal communication from N. Aoyama).

Iki Island : This island has not been considered an alkaline volcanic
rock arca. However, quite recently, the writer, judging from reported related
findings, thinks it highly possible that volcanic rocks belonging to the alkaline
rock series may be present on the island.

It is said that in some localities the liparite reported by OTsukr (1910) occurs as
dikes in the basalt and in other localities as xenoliths captured by the basalt. If the
basalt is correlated with B, and By respectively, the eruption period of the liparite
will be the same as that in Ddgo. In addition, from Otsuki’s description, the
liparite closely resembles platy alkaline rhyolite from Dogo. Next, the rock de-
scribed as hornblende andesite closely resembles in lithologic character a variety of
trachyte from Dozen, and it was effused before the basalt. This basalt may reason-
ably be regarded as B;. On the other hand, as the basalt erupted before and after
“the younger Tertiary,” it is clear that it erupted at least twice. Though one may
question whether the so-called younger Tertiary is the younger Tertiary or Pleist-
ocene, generally speaking, the geologic history of Iki Island coincides with that of
the Oki Islands, and the lithologic character of these rocks shows a remarkable
similarity.

Cheju-do : Alkaline trachyte (chemical composition: Table 13, nos.
113 and 114) on the summit of Halla-san in Cheju-do contains fayalite and closely
resembles a rock of a similar type (Table 9, nos. 51, 52, and 53) found on the sum-
mit of P’acktu-san. According to HaracucHr (1931) the alkaline trachytes from
Cheju-do are the oldest effusive rocks among the volcanic rocks of the island and
are older than the sedimentation of the Ségwip’o beds (oldest Pleistocene). Con-
sequently, it would be no great error to think that the eruption of the alkaline
trachytes occurred at the end of the Pliocene. That is, one may presume that the
alkaline trachytes erupted in the same period as those of P’aektu-san, the Kilchu—
Myongch’on district, and Do6go.

It is said that the trachyandesites and basalts of this island are younger than the
Sogwip’o beds. For convenience, the chemical composition of the trachyandesites
is included in Table 13.

As described for the eight sites considered above, volcanic activity occurred in
the Cenozoic alkaline petrographic province of Eastern Asia in the Pliocene. The
volcanic activity of this period was the most remarkable event in this petrographic
province and the rocks produced were generally neutral and acidic alkaline vol-
canic rocks. Only in Dégo, residual-magmatic dike rocks such as alkaline quartz
porphyry and tinguaite have been found. In short, the center of eruption was the
center of magmatic differentiation.

(5) The fifth period of volcanic activity (Early Pleistocene)
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After the end of the fourth period of volcanic activity this petrographic province
entered a period of calm sedimentation. It is very interesting that a remarkable
gravel bed was formed in each region. The gravel beds in the continental region
are particularly noticeable. There was a period of gravel bed formation after the
Paleogene, and gravel beds correlated with the Sanmen gravel bed are extensively
distributed in the drainage basin of the Huang Ho. In Japan, thick gravel beds con-
taining shingles are found in the mountainland of the Chigoku district. These
gravel beds may be of the same period. The sand and gravel bed (intercalated in
the basaltic lava flow) in the Sasebo coal field district, northern Kyashii, may be
no exception. The sedimentation of such great gravel beds calls to mind the so-
called Pleistocene heavy rainfall period, but it is difficult to prove positively that
there was actually a period of heavy rainfall. Regardless of the existence of such a
climatic factor, we may reasonably suppose that epeirogenctic movements occurred
in the extensive region.

The volcanic activity of this period also began with the eruption of basalts (B,).
The rocks are rich in a type which lacks phenocrysts and resembles a similar B,
type. However, when compared in detail, it is found that the B, of this period
does not have as greasy a luster or as scintillating a feldspar ground mass. General-
ly, plagioclase basalt is abundant. Phenocrysts other than plagioclase include pyro-
xene and olivine (the latter is generally small in quantity). Some types contain
kaersut-hornblende and biotite.

The chemical compositions of basalts from P’acktu-san, Dogo, the San’in dis-
trict, and northern Kytsha are listed in Table 14. In Cheju-do, the activity of this
period was that of hornblende trachyandesites, and its chemical composition is
shown in Table 13. In Ullung-do, basalts occur in the lowest part of the peculiar
alkaline volcanic rocks. According to Harumoro (1948), the basalts form lava
flows, agglomerate and frequently occurring dikes, and include many types.
Though there is not enough field evidence to determine their geologic age, from
a consideration of their volcanologic characteristics and lithologic character, the
basalts of this island are considered a product of this period. The chemical com-
position of the basalts is indicated in Table 15 together with that of peculiar alkaline
volcanic rocks.

There are many cases in which the basalts appear in the form of plateau lava
flows. The form of eruption gives an impression of fissure eruption, but the basalts
were not always effused in that form. The eruption in Ulling-do was a central
eruption, and, in P’acktu-san, the basalts were effused like parasitic cones on the
great volcanic body of alkaline trachytes. The lavas were highly fluid, however,
and flowed copiously down along the former river beds. The lava flow meandering
along the Namdae-ch’6n in Hamgyong-pukto, Korea, is a good example. The
Changdok basalt may have reached the lowland.

Because of the long-distance flowing, there is no lava plateau in the San’in dis-
trict and northern Kyushii. Lava plateaus due to fissure eruptions are commonly
found on a small scale. However, in such an eruption, it seems that there were con-
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duits of the central eruption at the points of eruption, or it may be reasonable to
assume that the final stage of fissure eruption took the form of a central eruption.

Most lava plateaus do not consist of a sheet flow of lava. Generally speaking,
basalt which was effused in the early period is black and that which was effused in
a later period is gray or white. Basalt from the later period has remarkable platy
joints (columnar joints are also well developed) and horizontal interstices are
in which biotite (actually phlogopitic brown mica) or sometimes brown hornblende
is found frequently developed.

Tholeiitic basalt is frequently present among the basalts of this period. Quartz-
basalt (quartz captured as xenocrysts) is also found occasionally, and in the Yongil-
man district in Korea and in the southern part of northern Kytishii (the southern
part of the Shimabara Peninsula), a type suggesting the development of two-
pyroxene andesite occurs. These examples indicate that two-pyroxene andesite is
formed from olivine-basaltic magma by a certain action, a very important fact
petrogenetically.

The period of volcanic eruption was followed by a period of subsidence, which
continued for some time. In the latter period, erosion was active, and in some
areas sand and gravel beds (the Kiimsan beds in the Kilchu—Myongch’on district
and the Obama beds in the Shimabara Peninsula) were deposited. Then volcanic
activity revived. In P’aektu-san, pumice (Table 9, nos. 71 and 72) was ejected with
a great explosion, and at the same time blocks of trachybasalt (Table 9, no. 69) and
nordmarkite (Table 9, no. 70) were hurled out. In the Kilchu—Myoéngch’on dis-
trict, there was some feeble activity of alkaline trachyte. The activity on Ullting-do
is particularly interesting. Though various alkaline trachytes were erupted, it is
noteworthy that a peculiar alkaline volcanic rock having nepheline (phonolite)
was formed at that time.

Of further note was the formation of hornblende andesite in Japan. The type
locality is Unzen volcano, and both Kinugasa lava and Kusembu lava belong to it.
Numerous blocks were captured by these lavas.'® Hornblende andesites of the same
period occur in the following localities: Taradake, Sannotake, and Ninotake of
Kimpdsan; Kuradake and Tawarayama on the western shoulder of Aso volcano;
Kurodake, Hanamureyama, Ryoshidake, Kuroiwayama, and Sensuisan in the
Kuyjii area; and Fukumayama, Okoshiyama, Bunsekiyama, Tobidake, Minakuchi-
yama, and Takasakiyama in the Yufu—Tsurumi area. The area where these vol-
canoes are distributed is a zone about 25 km wide extending from the Shimabara
Peninsula through Aso volcano to Beppu Bay. It was hitherto believed that the
area belongs to the inner volcanic zone in southwestern Japan. But in the writer’s
opinion, based on considerations of the petrographic province, the area corre-
sponds to the marginal zone of the region of B activity in the Cenozoic alkaline
petrographic province of Eastern Asia. Considered with the fact that sanukites
were formed in the marginal zone of the region of B; and B, activity, it is very inter-

12) The captured blocks are so numerous it is no exaggeration to say that they appear at every
blow of the hammer in field surveys.
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esting that hornblende andesite is present (hornblende andesite containing abun-
dant captured rock fragments as described above). The area where the activity of
olivine trachybasalt had taken place was reduced to the coastal zones of the San’in
district and northern Kyfishai in the Holocene epoch. This will be discussed later.

At the end of the fifth period of volcanic activity, older alluvial fans, sand and
gravel beds, and terraces were formed.

(6) The sixth period of volcanic activity (Late Pleistocene)

The first event in this period was a great faulting, which was followed by the
activity of B,.

North China : The formation of the Tat’ung volcano group was re-
markable. About eleven small volcanic cones lie scattered in the area more than
10 km ecast of the capital of Ta-t'ung Prefecture, Shanhsi Province. Craters still
remain in several cones. Large and small bombs can be collected from some cones.
Thevolcanic activity began with an outflow of black compact olivine-basaltic lava'®
during the deposition of loess near the end of the Middle Pleistocene. The final
stage of this activity is represented by the formation of small cones consisting of
scoriaccous lava, and the eruption was accompanied by many explosions. After the
formation of the volcanic bodies, these were covered partially or entirely by loessic
loam due to aeolian migration. The fact that the original form of the volcanic
bodies has not been remarkably eroded and dissected is attributed to the porosity
of the lava constituting the cones, the resulting prominent permeability of the lava,
and the arid climate.

Similar small conical volcanoes rise sporadically NNw from Ta-t’ung. Aerial
photography revealed these cones on the Mongolian plateau. The regular arrange-
ment of the cones suggests that they consist of lava which erupted along a geotec-
tonic line such as a fissure, but there is no confirmative evidence for this view. There
is a possibility, however, of interpreting them as the results of volcanic activity
promoted by faulting movements that accompanied the epeirogenctic movements
in Eastern Asia.

The above-mentioned epeirogenetic uplifting movements (which caused the
formation of older alluvial fans, sand and gravel beds, and terraces described in
the foregoing paragraph), and the faulting movements that accompanied them
were a large-scale phenomenon throughout all of Eastern Asia. That is, until that
time, the Japanese arc and the islands in the West Pacific had been connected
with the continent, but as the peripheral sea (continental shelf'sea) came into being
as a result of the large-scale faulting movements of this period, the islands were
separated entirely from the continent, and broke off into an arrangement which
has barely changed up to the present. Consequently, faults of this period have
important geologic significance and are found even in the parts which are still land.

13) This lava is highly fluid and reaches as far as the Sang-ch’ien Ho. Several parts have the
appearance of ropy lava. A thorough petrographic study of this lava has not been attempted by
the writer or other scientists. The lava which occurs as dikes in the adjoining gneiss is olivine
trachydolerite that contains purple pyroxene.
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(In Japan, the Chijiwa fault in the Shimabara Peninsula and faults traversing the
so-called Pleistocene gravel beds in various areas arc examples.) Depressions
and collapse on a large scale in volcanic bodies (for example, P’acktusan, Ulling-
do, ctc.), are not just local volcanic events, the writer believes, but are local man-
ifestations of the arcal geologic phenomena mentioned in this paragraph.

Pacektu Volcano : Ch’6n-ji, crater lake of Packtu-san, is 3—4 km in dia-
meter and 375 m in maximum depth. (The distance between the highest peak and
the lake bottom is 863 m.) This lake is a gigantic caldera. It seems not unreasonable
to think that the formation of this caldera is associated with the great explosion of
pumice, which we have discussed above. It is questionable, however, whether the
gigantic caldera was formed at the time of the great explosion. The writer doubts
that it was formed at that time. Probably the crater formed in association with the
pumice ¢jection is, so to speak, the embryo of the present caldera, and may have
been enlarged by later collapses. The writer is inclined to consider collapse as an
effect of crustal movement (particularly the crustal movements that affected the
whole region of Eastern Asia).

In the sixth period of volcanic activity in the end of the Pleistocene, Packtu
volcano also became active. Alkaline trachytic mud lava was discharged and poured
down on all sides. This outpouring of mud lava was subsequent to the develop-
ment of the present scale caldera. It is confirmed by mud lava attached to the
crater wall.

It is not known whether lava or ejecta were discharged in the later eruptions
(recorded in historic times).

Kilehu— Mpyongch’on district: The two basalts of Ungddk and Kuk-
tong and the later alkaline trachyte are the representatives of the volcanic activity
of this period in this district. Though the center of eruption of the lavas is not
known, it is inferred from their lithologic character (particularly the glass basis)
that the lavas were not a lava flow which ran down from a distant place but a local
product. The lavas include many varieties,!® and it is interesting that there is a
hypersthene-bearing variety. In the Ungdok basalt, sporadic large crystals of
feldspar are frequently found as phenocrysts, and captured assemblages of pyroxene
and plagioclase are also enclosed.

The large crystals of feldspar are potash andesine, and it is noticeable that they
exhibit a reverse zonal structure (IT6, 1935). On the other hand, xenoliths con-
sisting of assemblages of pyroxene and plagioclase are considered cognate xenoliths.
Generally speaking, olivine spherulite is not rare, regardless of its age of eruption,
in the basalts of the Cenozoic alkaline petrographic province of Eastern Asia. It is
frequently present, particularly in the Pleistocene basalts (Bg and B,), and there is
no example of the above-mentioned cognate xenoliths except in the Pleistocene
basalts. The writer believes that this is a noteworthy fact from a petrogenetical
point of view.

14) This is also one of the general characteristics of local basalts.
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The chemical composition of Ungdok basalt is shown in Table 6 (no. 146). This
1s the only reliable analysis of the basalt. It is noteworthy that the basalt hag
quartz in the norm.

Central Korea: Of the vast amount of Pleistocene basalt in North Ko-
rea, the one which is regarded as Late Pleistocene (B,) is the Ungdok basalt. The
lava flows (Kixozaki, 1937) in Central Korca which are described next are con-
sidered Late Pleistocene lava.

The basaltic flow distributed along the graben running NNE between Wonsan
and Kyongsong was effused after the development of the normal fault associated
with the formation of this graben. The direction of this graben is parallel to the
coast line at the southeast end of the Korean Peninsula and the extended trend of
Tsushima Island. In Japan, the direction determines the extended trends of south-
ern Kyushi and the direction of the zone connecting the two volcanoes, Aso and
Kirishima. In the writer’s opinion, the direction was determined by the great
crustal movements at the end of the Middle Pleistocene.

There are at least two localities regarded as the eruption center of the Ch’uga-
ryong graben basalt: onc is 680 m upland and the other is Ap-san (452.5 m). Both
retain the original form of a volcano of the aspite type. The lava which flowed out of
the former crossed over Ch’uga-ryong, rcached as far as Anbyon, and stopped in
the vicinity of Pokkye in the south. The total length of the lava flow was about 60
km. The lava which issued from the latter, though it was stopped in the vicinity of
Pokkye in the north, reached as far as Ch’6lwon in the south, and its total length is
about 30 km. Thesc two lava flows meet in the vicinity of Pokkye, so the Ch’uga-
ryong basalt forms a narrow lava flow extending as far as 90 km. In Ap-san, there
is not only a crater (about 200 m in diameter and about 20 m deep) but are there
also more than twenty small protuberances which resemble parasitic cones, and
volcanic topography still remains fresh.

It is interesting that basaltic activity in the early period of Pleistocene took the
form of fissure eruptions, and that the activity of the later period was a central
eruption.

The writer is inclined to believe that the basalts found on the east side of the
Ch’uga-ryong, namely, the basalt in the vicinity of T’ongch’6n (which closely
resembles the Ungdok basalt), that in Hoeryong County, and that in the vicinity
of Kiimhwa ecast of Ch’6lwon (Table 16, no. 145) erupted in the same age.

There is a great basaltic flow west of the Ch’uga-ryong graben and distributed
along the geotectonic line running parallel to this graben. This is the basalt of the
Koksan—Singye district. The lava flow is about 45 km N-s and a maximum of about
20 km E-w. Though it is small compared with the basalt flow in the Ch’uga-ryong
graben, this is one of the largest lava flows (including the andesitic lavas in Japan)
in Eastern Asia. The original form of volcanic topography (aspite) has not been
considerably eroded. I regret to say that I have no knowledge of the lithologic
character of these basalts.

Ulling-do : As described above, a central eruption occurred in Ul-
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ling-do in the fifth period of volcanic activity, and the eruption was followed by
the outflow of alkaline trachytes (including phonolite). The volcanic body thus
produced was shattered by faulting movements in the end of the Middle Pleist-
ocene. Then the sixth volcanic activity began, and Nan-bong was formed on the
summit which had sunk and collapsed. This Nan-bong is noted for being composed
of leucite trachyandesite (Table 15, nos. 137 and 139). At the same time alkaline
syenitic ejecta were thrown out. The island remained entirely calm after that.

Cheju-do : All the trachyandesites in Cheju-do were thought to be of
the fifth period of volcanic activity. The writer, however, doubts that all may have
been effused in this period.

The foregoing paragraphs are an outline of the condition of the continental re-
gion and Korea. It is very interesting, by way of comparison, to consider the
volcanic activity in the Japanese Islands during this period.'®

As described above, the volcanic activity of this period commenced after the
great crustal movements (the crustal movements by which the Japanese Islands
were entirely separated from the continent). The Chijiwa fault in the Shimabara
Peninsula and the graben in the Yufu-Tsurumi area were formed in these crustal
movements. The San’in type hornblende andesites were the effusive rocks in this
period of activity. Of these, the principal ones are: the Fugendake lava in Unzen
volcano, the lavas of Ichinodake in Kimpdsan volcano, Kujasan, Kujadake,
Ofunayama, Yufudake, and Tsurumidake, the hornblende andesite on the sum-
mit of Futago volcano, and the lavas of Aonoyama, Sambesan, and Daisen in the
Chiigoku district. These lavas frequently contain oxidized biotite as well as ox-
idized hornblende, and quartz and feldspar are mixed as captured crystals (Suar,
TanNeDA and YamacGucHI, 1948).

There is considerable evidence that the activity of olivine basaltic magma
helped form these San’in type hornblende andesites. According to Homma (1936),
peculiar rocks in which olivine and quartz coexist are found in the volcanic rocks
of Unzen volcano. The peculiar rocks are found not only in the lavas of the Fuken
period in question but also the above-mentioned lavas of the Kinugasa—Kusembu
period (belonging to the fifth period of volcanic activity) and the Holocene lavas
(Furuyake and Shin’yake), which will be described later. Homma published an
interesting genetic opinion on the Furuyake lava (erupted in 1657), stating that the
Furuyake lava originated from a mixed magma which was formed by intermixing
olivine basaltic magma with quartz-bearing biotite hornblende andesitic magma.
Although HommA’s opinion needs to be explained in some detail, the writer agrees
with its main points.

In addition, a lava flow of olivine basalt was recently discovered in the Yufu—
Tsurumi arca (T. Kasama, personal communication). This is called Bateisan lava
and is probably an effusive rock of this period of activity.

15) In this paper the only volcanic activity in the inner zone of southwestern Japan which is in

a close geologic relation with the Cenozoic alkaline petrographic province of Eastern Asia is
sketched.
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The final display of this period was the great eruption of the Aso lava and the
formation of the Aso caldera. The lithologic character of the Aso lava has not been
thoroughly studied. The embryo of the Aso caldera probably formed before the
eruption of the Aso lava and probably was later enlarged to its present size. The
formation of this embryo is thought to have been in the above-described period of
great crustal movements. In short, in the same period, a caldera was formed in
P’acktu-san in the north and then alkaline trachytic mud lava was effused, and a
caldera was formed in Aso volcano in the south. A great eruption of the Aso lava
also occurred. This contrast is very interesting and significant. It cannot be over-
looked that, though the lavas of Aso volcano are pyroxene andesite, the alkali con-
tent is too high to be classed as a Japanese-type pyroxene andesite.

(7) The seventh period of volcanic activity (Holocene)

The beginning of the Holocene was a calm sedimentation period. In the con-
tinental region, loessic sand beds were formed by the erosion and resedimentation
of the loess bed, and the weathering of the loess bed itself progressed considerably.
In particular, as the Japanese Islands were completely separated from the conti-
nent, the coast line advanced inland to its present position, and thereby Shan-tung
Province came to be controlled not by an inland climate but by a littoral climate.
In the writer’s opinion, the brown earth found in the castern part of Shan-tung
Province was produced by the weathering and metamorphism of the loess bed due
to this climatic change, in turn caused by a topographic change.

Meanwhile, epcirogenctic movements on a grand scale progressed. The isostasy
of the earth’s crust was kept in defined zones by faulting movements. The activity
of basaltic magma was induced. Volcanic activity in the resulting so-called tension
area was begun in the interior of the continent. The inland volcanic activity of
Wu-ta-lien-ch’ih volcano and Erh-k’o volcano in North Manchuria and the Ch’i-
hsing volcano group in South Manchuria, and others went through such condi-
tions.

Wu-ta-lien-ch’ih volcano : This volcano is located north of the capital of
Te-tu Prefecture, Hei-lung-chiang Province, and is composed of fourteen small
volcanic cones. This volcano has been called “Wiinhordongui” volcano since olden
times. Of the fourteen cones, Lao-hei Shan and Huo-shao Shan were formed in the
1720 eruption (OGura et al, 1936).

The basement rocks of this volcano group are granite, Cretaceous formation, and
Pleistocene formation. On the flat platcau formed by these basement rocks, al-
kaline basic volcanic rocks were erupted in the following order: (1) hilly platcau
lava, (2) shield-like plateau lava, (3) older volcanic cone lava, (4) Shihlung lava,
and (5) younger volcanic cone lava (effused in the 1720 eruption). The chemical
composition of the rock types belonging to each lava is tabulated in Table 18 (nos.
168-186).

The mode of activity of this volcano group and the kinds of volcanic rocks
erupted during the activity are regarded as representative of the inland type of
volcanic activity. The volcanology of this group will be briefly mentioned.
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The hilly plateau lava of the first eruption is trachyandesite of the Banak type.
There were several centers of eruption, and the area where the lava is distributed
attains about 500 square kilometers.1® The flat topography became hilly due to the
eruption of this lava. Morcover, the height of the hills increased due to the second
eruption. (The kind oflava is much the same as the lava of the first eruption.) How-
ever, the maximum height (in the center of eruption) is only 120 to 130 m. In the
third eruption, 12 small volcanic cones of the homate type were built up on the
hilly plateau lava flow. These cones are on a very small scale: the average base is
several hundred meters in diameter and the height is less than 100 m. These cones
arc composed of stratified lava flows and scoria. However, as each cone has an ex-
plosion crater on the summit, it is known that the activity was relatively violent in
the final stages of the activity. However, the ejecta are found scattered only around
the crater, so the volcanic activity is regarded as having been fairly gentle.

With the above activity one cycle of volcanic activity came to an end, and later
the second cycle began. The first stage of the second cycle was represented by the
outflow of the Shihlung lava. This activity occurred in the central part of the vol-
canic district where there was no center of eruption from the first cycle. Lava flowed
down on all sides and toward the south it flowed along the narrow valley. The lava
flow is cight km long, though it is several hundred meters wide, and it has a form
like a huge snake, hence the name “Shih-lung’ (stone dragon).1” After the relatively
gentle outflow of the Shihlung lava the younger volcanic cones of the fifth period of
volcanic activity were formed. A reliable old record indicates, beyond doubt, that
this was the eruption which built up Lao-hei Shan and Huo-shao Shan (Wwu, 1721).
The age of the outflow of the Shihlung lava previous to the above eruption is not
known but it is inferred that the outflow occurred in historic times.

A noticeable fact concerning the activity of Wu-ta-lien-ch’ih volcano is the out-
flow of lava containing leucite during and subsequent to the period of formation of
older volcanic cones (see Table 18). Other examples of volcanic rocks containing
leucite and occurring in the interior of the continent are known elsewhere in the
world. The Tertiary volcanic rocks in Yellowstone National Park are suitable for
a comparative study with those from North Manchuria. It is believed to be un-
questionable that those in the above locality belong to Tertiary, though they are
known only as post-Eocene, but those in North Manchuria are the Holocene
lavas. This is a very noteworthy fact from the volcanological and petrogenetical
point of view.

In addition, it is not rare that accidental xenoliths are present in the lavas of this
volcano. That is, granite, quartzite, and sandstone are found as xenoliths, and
quartz and orthoclase have been known as captured crystals. The lavas of this vol-
cano are a special instance in the Cenozoic alkaline petrographic province of

16) The area is almost equal to the area of the inside of the Aso caldera.

17) In Japan, advancing lava-flows were also likened to dragons. In ancient records on volcanic
eruptions such accounts are found from time to time (Example: the 1783 eruption of Asama
volcano).
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Eastern Asia, in the sense that the lavas contain frequent accidental xenoliths,
Lavas containing accidental xenoliths have been found in few other volcanoes.
This is in remarkable contrast to the case of the andesites in Japan.

Stressing the presence of accidental xenoliths, particularly in the presence of
granitic xenoliths, Gorar (1940) explained by selective assimilation (of basaltic
parental magma) the genesis of leucitic volcanic rocks from Wu-ta-lien-ch’ih
Volcano and Erh-k’o volcano, which will be mentioned later. Though this is an
interesting explanation, many difficult points are contained in it. Ocura (1951)
does not agree with Gorai’s opinion, and it scems that he attributes the chemical
characteristic of rich potassium to crystallization differentiation, but a dectailed
discussion has not yet been published.

Erh-ko0 volcano : This volcano is located about 70 km south of Wu-ta-
lien-ch’ih volcano, and is composed of three small cones. Tung Shan, the highest
cone, is 110 m high (700 m in diameter at the base) and Hsiao-k’o Shan which is
the lowest is only 18 m high (210 m in diameter at the base). Another cone called
Hsi Shan, is 75 m high (550 m in diameter at the base). All are very small cones,
but each cone has an explosion crater on its summit (OcurA and MATsumoTO,
1938).

The basement rocks of this volcano are Cretaceous and Pleistocene. Being in a
flat plain, it is said that Erh-k’o volcano, though it is small, can be viewed from
scores of kilometers away in the plain area.

The volcanic activity was divided into two periods. In the first period leucite
basanite (Table 17, no. 168) was erupted and formed a shield-like plateau. The
area covered by the lava is 33 square km. The second lava was erupted on the first
lava and formed volcanic cones. The lava constituting these volcanic cones is also
leucite basanite (Table 17, no. 169), but it is mostly vesicular and scoriaceous.

There are no geologic data concerning the age of activity of Erh-k’o volcano ex-
cept that it is younger than the Pleistocene formation in this area (yellowish brown
clay bed and grayish white clay bed, and in places sand and gravel bed and yellow-
ish brown or yellow sand bed). The age of activity probably correlates with the
first cycle of activity of Wu-ta-lien-ch’ih volcano. There is no evidence that erosion
and dissection took place.

In short, Erh-k’o Shan is a very small scale volcano and the arca covered by the
lava flow of the first eruption is estimated at only 33 square kilometers. Because of
the occurrence of volcanic rock containing leucite, however, it is of great geologic
significance.

Ch’i-hsing Shan volcano : Seven volcanic cones rising around Ling-yuan
(Cheng-chia-chun), an important town in the center of the Manchurian plain, are
collectively the Ch’i-hsing Shan volcano. Poli Shan, which is the highest of the
seven cones, is 110 m high and Nao-pao Shan, which is the lowest, is 30 m high.
Hence, this is also a small volcano. No cone, however, has a crater like that of Wu-
ta-lien-ch’ith Volcano or Erh-ko Shan volcano. It is questionable whether some of
them may be called volcanic cones. They may belong to the tholoide type of vol-
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cano. There is no evidence that the cones displayed an explosive activity. There is
also no geologic evidence concerning their age. A clay bed and a sand bed, which
seem to be younger Pleistocene or older Holocene are found in the vicinity of the
cones. It is said that they form the basement of this volcano group (Ocura,
SawATARI and Muravama, 1939).

The lavas of this volcano group are essentially the same. Generally speaking. the
lavas are olivine basalts; leucite basanite occurs only in Nao-pao Shan. Their
chemical composition is shown in Table 18. The lithologic character also differs
from the lavas of Wu-ta-lien-ch’ih and Erh-k’o Shan volcanoes.

Lung-wan volcano group : This volcano group is located about 150 km
wNw of Pai-t’ou Shan, and is composed of more than 35 volcanic cones lying scat-
tered on the west side of the Lung-kang Mountains. Some of them have crater
lakes. The cones consist mainly of scoriaceous lava and lava flows that were poured
out before the formation of these cinder cones. There are four large lava flows
which are 6, 8, 9, and 35 km long. The longest is a large lava flow which attained
a maximum width of 5 km.

This lava flowed down the present valleys. This fact shows that the age of the
activity was Holocene. The lithologic character also shows characteristics of Holo-
cene basalts (Table 19).

The fact that there is a volcanic cone in which ejected granite blocks are found
is very interesting. Furthermore, the basement of granite is exposed in parts of the
crater bottom or crater wall. Hence, this is a fine example of volcanic activity dis-
played in a pure granite arca. In this volcano, there is no leucite basalt, thereby
differing from the Wu-ta-lien-ch’ih and Erh-k’o Shan volcanoes. As described
above, a view advocated concerning the petrogenesis of leucite basalts is that of
selective assimilation of granite. It is questionable whether or not such assimilation
is possible. Even if it is possible, such assimilation does not always occur. It is con-
sidered that such assimilation may be limited by certain conditions. These prob-
lems are very interesting from the volcanological point of view, and for this study
an examination of the lavas of Lung-wan volcano is also necessary. In this sense,
this volcano is one of the important members in the Cenozoic alkaline petrographic
province of Eastern Asia.

Fourteen volcanic areas, besides the above, have been identified in Manchuria
(OcGura et al, 1936). Volcanoes in almost all of the above arcas consist of basaltic
lava. The only exception is Halhin volcano situated on the east side of the Ha-lun-
erh-shan spring in the central part of the Great Hsing-an-ling Mountains. Liparite,
tuff, and obsidian occur in this volcano (Kivono and Expd, 1935). It is supposed
that the eruption may have occurred in the end of the Tertiary or the beginning of
the Pleistocene.

In the Korean Peninsula, lavas which seem to be of Holocene age have not
been reported. In Cheju-do, there are small conical volcanoes consisting of basaltic
lavas rising in groups from place to place throughout the island. Judging from the
geomorphological features, they are considered to represent Holocene volcanic
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activity. However, it is suspected that some of them may be volcano groups erupted
in the Late Pleistocene or so, though there is no supporting geological clue.

The chemical composition of the basalts is shown in Table 20. Of these, no. 18
was previously known as tephrite, but the presence of nepheline has not been con-
firmed. The basalt was probably named on the basis of its chemical composition,
From the chemical composition, no. 199 is also a noticeable rock type, and, in both
basalts, the norm ze does not exceed 10 percent. As both have a low water content
it cannot be considered that their large soda content is due to the presence of
zeolites, and nepheline is probably present. The writer hopes to call investigators’
attention to this problem in the future. Since the basalts contain olivine, the name
tephrite is not appropriate. The writer would rather call them basanite. However,
as described above, the presence of nepheline has not been confirmed, so, accord-
ing to Lacroix’s nomenclature, the writer provisionally calls them basanitoid.

The Daimanjisan lava (Table 21, no. 205) and the lava exposed at Misaki,
Saigdmachi, both in Dégo, the Oki Islands, are Holocene basalts. The southern
extremity of the Daimanjisan lava reaches T6g6, Tégomura, and faces Saigo Bay.
In this locality, the lava overlies an Alluvial gravel bed, from which an ancient
water-jar has been unearthed.'® It issaid that, judging from the mode of occurrence
at the time it was uncarthed, the jar had been naturally buried. This discovery
serves as an important clue in determining the age of the gravel bed and the age
when the Daimanjisan lava was crupted.

Tradition says that Takuhiyama in Dozen, the Oki Islands, as shown by the
name (Takuhiyama means a burning mountain), was in eruption in remote anti-
quity. On the Japan Sea side such as the San’in and Kinki districts where there is no
geologic evidence which supports the above tradition, there are volcanoes such
as Takurayama in Yakuno, and Kannabeyama in Hydgo Prefecture and
Kasayama in Yamaguchi Prefecture (Table 21, no. 207). Of these, in Takurayama
and Kannabeyama a crater-like topography remains even now, and in Kasayama
the topography of a volcanic cone is still evident. A volcanic bomb consisting of
basalt was collected from a volcano in Shimonoseki City, and abundant volcanic
bombs are found on Ondake and other small volcanic cones on Fukueshima, the
Gotd Islands.

Summarizing the above geologic data, therc is a volcanic zone consisting of
Holocene basalt on the coasts of the Japan Sea including the adjacent islands in
southwestern Japan.'® It is noteworthy that in the so-called volcanic zone, very
small scale volcanoes erupted sporadically here and there. This forms a remarkable
contrast to the eruption of Pleistocene basalt which poured out a vast amount of
lava and formed platcaus. The activity of basaltic magma in the Pleistocene is not
an exception to the gencral law that is advocated by the writer. In the first stage,

18) This jar was kept in the Shimane Prefecture Fisheries and Mercantile Marine School at the
time the writer took part in the first investigation party (August 1925).

19) It was mentioned above that Pleistocene plateau basalt is also developed in this region. The
basalt and that described in this paragraph must be treated separately from the volcanological
point of view.
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Java plateaus were formed by fissure eruptions, and in the final stage, the type of
eruption changed to local central eruptions.

Taking a general view of the activity of olivine basaltic magma in the inner zone
of southwestern Japan after the Miocene, it is very interesting to note that at first
the region where volcanic activity played an active part extended as far as the
Median Dislocation Line, but eventually the region was reduced to the littoral
zone of the Japan Sea where basaltic magma was erupted in a linear arrangement.
It is inferred that in the intermediate period, volcanoes had a field of activity associ-
ated with the retrogressive tendency. It is believed that this fact shows that the
geologic conditions under the effect of which basaltic magma came into being in
the lower part of the earth’s crust migrated gradually toward the northwest, that is,
toward Korea and Manchuria.

In harmony with the retrogressive tendency of the activity of olivine-basaltic
magma, the eruption of the San’in type hornblende andesites was inclined to de-
cay. That is, the eruption of the rocks (produced only a) which was relatively
active in the Middle Pleistocene was reduced to a very small scale effusion of lava
in the volcanoes of Daisen, Sambesan, Futagoyama, Tsurumidake, Yufudake, Ku-
jusan, Kimposan, and Unzendake. In the Holocene, only a very small quantity of
lava was erupted from Furuyake (1657) and Shin’yake (1792) in Unzendake. On
the other hand in Aso volcano, from which the so-called Aso lava flowed out, ex-
tensive activity was displayed in the central cone in the Holocene, and frequent
and violent activities have continued up to the present in Kirishimayama, Saku-
rajima, and the volcanic islands southwest of Kytishii belonging to the Rytukyi
volcanic zone.

Volcanic activity in the alkaline petrographic province, however, did not sub-
side in prehistoric times. That is, the following volcanic eruptions were recorded in
historic times: Cheju-do (1002 and 1007), Paektu-san (1597 and 1702), and Wu-
ta-lien-ch’ih (1720). Of these, except in the last-named one, lava did not issue
forth and only explosive activity seems to have occurred. In this respect, it is note-
worthy that in the activity of historic times the activity has migrated from Cheju-
do to the interior of the continent. The formation of leucite basalt in the interior of
the continent in the last period seems to be related with the locality and mode of
activity and not with the age. At any rate, it is an interesting theme for study.

3. Summary of Volcanic Geology

The writer sketched the outline of the volcanology of the Cenozoic alkaline
petrographic province of Eastern Asia in the previous chapter. A detailed descrip-
tion of the general geology of each region is omitted as the limited scope of the
present paper does not permit it. Besides the areas described above, there are other
volcanic areas which are believed to belong to the present petrographic province. As
the geology of these areas has not been studied in detail, the areas were not treated
in the previous chapter.
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Therefore, in this chapter, only relatively important volcanological matters of
this petrographic province will be summarized. Readers should refer to Table 1
while reading this chapter.

(1) Paleogene volcanic activity

The volcanic activity in the Paleogene paleocontinent, with the Mongolian
plateau as the center, was very violent from the end of Eocene to Oligocene. The
lavas consisted mainly of olivine basalts, with some analcite basalt. This activ-
ity extended as far as Fushun, South Manchuria, though it was on a small scale.
Then, in the end of Oligocene (probably to the carliest Miocene) a great activity
of basalts took place in the Kilchu—Myongch’én district, Hamgyéng-pukto,
North Korea. The scale of this activity was far less than the above-mentioned ac-
tivity of the Mongolian plateau, but it rivaled the activity of the Hawaii Islands
(since Pleistocene). The lavas were also olivine basalt and analcite basalt.

In this age, the Japanese Islands, except northern Kytishii, the San’in district,
part of the Kanto district, and the greater part of Hokkaido, were connected with
the paleocontinent, but there is no record of volcanic activity like that which
occurred in the interior of the continent.

The basalts of this age are doubtlessly basalts of the alkaline rock series, and are
typical plateau basalt. The eruption was of the Hawaiian type. Lavas of the re-
markable magmatic differentiation type were not erupted, but trachyandesite and
trachyte have been reported from the Mongolian region.

(2) Volcanic activity of Earliest and Middle Miocene

In the earliest Miocene, there occurred the above-mentioned activity of basalts
in the Kilchu—Myodngch’on district, and after that the continental region entered
a period of calm erosion and deposition. That is, in the Kilchu—My6éngch’6n dis-
trict, the marine deposites such as the P’yongnyuktong beds, the Hamjindong
beds, and Manhodong beds were formed.

In Japan, however, it was an age of a complicated mixture of deposition and
considerable volcanic activity. The lavas included basalt, andesite, dacite and
rhyolite, and the entire calc-alkaline lithologic series. More than one magmatic
cycle was repeated. Little local difference is found in the eruption sequence of
the layered lavas, as far as the inner zone of Southwestern Japan is concerned.

It is interesting that this calc-alkaline petrographic province of Japan extended
to the Yongil district in this age. A similar situation prevailed at the end of the
Mesozoic. This resulted in the well-known igneous activity of the Tsushima basin.

The magmatic activity of the Japan type in the inner zone of Southwestern Japan
ended with the activity of this age. After that, that is, during and following Late
Miocene, the inner zone of southwestern Japan sometimes became a field of activ-
ity of the calc-alkaline rock series and sometimes a petrographic province of mixed
rocks. It is interesting that, in this respect, the inner zone of southwestern Japan
forms a distinct contrast with the Japan Sea side of northeastern Japan.29

20) Concerning the igneous activity of the Japan Sea side of North-eastern Japan, the following
paper was published after the completion of this paper: Tanarl, T., and SHmBori, T., 1951, On
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Another interesting fact which should not be ignored is the sporadic distribution
of the small intrusions of so-called plutonic rocks such as gabbro and granites in
the San’in district in the final period. The formation of small plutonic rock bodies
in this period seems to have been a countrywide phenomenonin Japan and arouses
our special interest.

(3) Activity of alkaline volcanic rocks from Late Miocene to the Latest Pliocene

The volcanic activity of this age, strictly speaking, is divided into the activity of
the Late Miocenc and that of the Pliocene. It is during the volcanic activity in
Pliocene that remarkable rock types of alkaline trachyte and alkaline acidic rock
were produced throughout this petrographic province.

The activity of the Late Miocene commenced with the effusion of areal basalt
(B,). This was the activity of the olivine-basaltic magma, and the area includes the
following districts: Wei-ch’ang in Je-ho, Kilchu—Myéngch’6n, Dégo in the Oki
Islands, the vicinity of Matsue, northern Kytish@i, and Shodoshima in the Inland
Sea. Of these, none of the exposures are very large except Wei-ch’ang. Of course,
much of this is a result of erosion. According to the writer’s petrographical study,
this olivine-basaltic magma is inferred to be the parental magma of the neutral
rocks which were erupted later. Not only neutral and acidic alkaline volcanic
rocks but also basalts which were erupted several times are included. This is cer-
tainly one of the parental original magmas.

With this activity of olivine-basaltic magma, the calm age in the Kilchu—
Myongch’on district down to that time was ended. On the other hand, in the inner
zone of southwestern Japan, the calc-alkaline petrographic province changed into
the alkaline petrographic province. This phenomenon is, in the case of certain
regions, called “petrographic revolution® by the writer.

Volcanic activity in the Late Miocene, however, cannot be said to have been
very prominent. In the Kilchu—Myongch’6n district, after the formation of the
so-called great Kilchu—Myongch’on fault, an age of peneplanation continued. In
Daogo, trachyandesite and trachyte (potash trachyte) were erupted. In the Inland
Sea zone, the first formation of sanukitic andesites occurred. In other districts,
namely, in the districts where volcanic activity did not occur, peneplanation or
sedimentation progressed.

In the Early Pliocene, basaltic activity extended to a wide region. The basalt
(B,) of this age was mainly plagioclase basalt having the phenocrysts not only of
olivine but also of pyroxene and plagioclase. There occurred also limburgite and
nepheline basalt. The above basalts were distributed throughout the whole region
of the Cenozoic alkaline petrographic province of Eastern Asia, but it was in the
Kilchu—Myongch’on and P’acktu-san areas that great quantities of basalt were
effused. In southwestern Japan, sanukitic andesite was produced.

The most magnificent display of magmatic activity in this period was the erup-
tion of neutral or acidic alkaline volcanic rocks. The areas famous for this magmatic

the Tertiary igneous activity in the Japan Sea side of Northeastern Japan: Science of the Earth,
no. 5, p. 15-22,
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activity are P’acktu-san, Kilchu—Myoéngch’6n, Dogo, Cheju-do, and Matsushima
in Kumamoto Prefecture. There are some types belonging to pantellerite and
comendite. In Dogo, grorudite, paisanite, and tinguaite are associated species. It is
noteworthy that these rocks which are rarely found elsewhere in the world occur in
the region adjacent to the petrographic province of Japan. It must not be over-
looked, however, that the alkaline petrographic province, in those days at least,
reached the Inland Sea zone in the south.

(4) Pleistocene volcanic activity

The Pleistocene activity is divided into two periods. The eruption of basalt was
repeated twice (B; and B;) and formed plateaus. In places quartz-basalts occur and
tholeiitic basalt is also mixed in.

In Paektu-san, the Kilchu—Myo6ngch’6n district, and Ullting-do, a small activ-
ity of alkaline trachyte accompanied the basalt. On the other hand, in the inner zone
of southwestern Japan, hornblende andesites are associated with this activity. In
addition, it is noticeable that the hornblende andesites are from an olivine-basaltic
magma contaminated by granite or an acidic rock like dacite. The hornblende
trachyandesite in Cheju-do is an effusive rock of the same period, but its genesis
must be thoroughly considered. In respect to the distribution of the volcanic zone,
the writer entertains a doubt that the Dai-sen—Sambe volcanic zone continues to
Cheju-do.2V

(5) Holocene volcanic activity

Volcanic activity in this age is known in the San’in district, northern Kyasha,
and Cheju-do. The activity in Manchuria is divided into two types: the activity
which is associated with leucite basalt such as Wu-ta-lien-ch’ih volcano, Erh-k’o
Shan, and Ch’i-hsing Shan, and that which is not associated with it (Lung-wan
volcano is an example). Some geologists consider that the leucite basalt originated
due to selective assimilation of granite, but it appears to be a problem for more
deliberate study. In the Japanese Islands, it is interesting that small conical vol-
canoes of Dogo, Kasayama in Yamaguchi Prefecture, Shimonoseki, Ondake on
Fukueshima of the Gotd Islands, etc., are arranged approximately in a straight
line. Irrespective of the geologic significance of the plateau, basaltin the Pleistocene
was reduced to local activity of a central eruption on a very small scale in the
Holocene, and the active region retreated to the zone close to the Japan Sea coast.??

The volcanic activity in Japan in this age is well known, so its description is
omitted in this paper. However, as far as southwestern Japan is concerned, the
lavas of Aso, Kirishima, and Sakurajima volcanoes are trachyandesitic, and at

21) The writer holds a view that, even in the same volcanic zone, according to the geologic
environments in the center activity, more or less different types of rock are produced. The writer
considers that a volcanic zone is related not to the kind of rocks but to the geologicstructure. There-
fore, though sometimes there may be a case in which a continuous volcanic zone is represented by
similar rocks, it is inconceivable that a volcano belongs to the same volcanic zone only by reason
of the occurrence of similar rocks.

22) Note that the activity of olivine-basaltic magma extended to the Inland Sea zone in Late
Miocene.



VOLCANIC GEOLOGY OF THE CENOZOIC 173

least differ from the pyroxene andesite in Hakone, Izu, and Oshima, though these
rocks have been called pyroxene andesites. In this respect, careful study is needed.

In the petrographic province in question, there have been volcanic activities in
historic times. The recorded activities were those of Cheju-do (1002, 1007),
Paektu-san (1597, 1702), and Wu-ta-lien-ch’ith Volcanos (1720). Of these, only
Wu-ta-lien-ch’ih volcano emitted lava. Though the records on the activities are
few, it is of keen interest that the activity in the above region had a tendency to
gradually migrate toward the northwest.

(6) Migration of the activity of basaltic magma

There were at least six basaltic magma activities, large and small, in the Cenozoic
alkaline petrographic province of Eastern Asia. Of these, the activities in the
Paleogene or earliest Miocene are called B, and those after Late Miocene B, to B;.
B, to B; are closely related to the formation of neutral or acidic alkaline rocks and
feldspathoid volcanic rocks, and they are also closely related to the volcanology of
Japan. Therefore, the writer feels a keen interest in this fact.

Of these five activities, B; (Late Miocene) and B, (Early Pliocene) extended to
the Inland Sea zone, but in the Pleistocene, though the activities are considered
fissure eruptions forming lava plateaus, By and B, were limited to the coastal re-
gions from the San’in district to northern Kytishii. The Holocene basalt (Bj)
formed only small conical volcanoes built up by local eruptions such as Dégo,
Kasayama, Shimonoseki, Ondake in the Gogd Islands, ctc.

What is the cause of migration of basaltic magma activity with age? To answer
this will be a theme for future study. However, the following fact is one which
should be considered in connection with this problem. The sanukitic andesites in
the Inland Sea zone and its western extension and the San’in type hornblende
andesites occur in the region considered the marginal zone of the continental
basaltic magma region. In the writer’s opinion, these rocks were produced from a
migma of olivine-basaltic magma and the pre-existing rocks, and belong to the same
genetic system as quartz basalt and tholeiitic basalt which occur also in the margin-
al zone.

According to this view, the cause of the migration of the activity of basaltic
magma with time is considered to mean the migration of subsurface geologic con-
ditions which produce and erupt basaltic magma. To explain this in greater detail,
this means that the environments from which olivine-basaltic magma can be
erupted as original magma gradually became nonexistent in the inner zone of
southwestern Japan, and the above environments were replaced by the geologic
environments which gave rise to secondary magma-like migma.

Pursuing this more closely, this seems to mean that the relatively stable tension
region in southwestern Japan gradually evolved into a region of compression hav-
ing the nature of a changeable zone. This is thought to be the result of a movement
in the ocean floor which has underthrust the Japanese Islands from the Pacific side
and has had an increasing effect since the Pleistocene or so0.23

) This movement was inferred from the distribution of the epicenters of deep-focus earthquakes
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(7) Geologic characteristics of the Cenozoic alkaline petrographic province of
Eastern Asia

Geologic conditions in specific regions where alkaline rocks are produced has
been a problem since HARKER’s advocacy (1909) of the regional tension theory.

After HARKER, some scientists, entertained the idea that alkaline rocks occur in a
tensional region, and, on the other hand, that calcalkaline rocks occur in a com-
pressional region. They also considered that the occurrence of alkaline rocks in a
region of special geotectonics is closely related to their genesis. Those who published
their opinions on the petrogenesis of alkaline rocks are Becke (1903), JENSEN
(1908), SmytHE (1913), StArRk (1914), WINkLER (1914), Evans (1915) and
Niceorr (1925). Dary (1918), on the contrary, published an opinion that alkaline
rocks are developed in zones which were subjected to intense lateral pressure, while
most calcalkaline rocks are found in a region where radial fissure lines are de-
veloped.

In opposition to these opinions, there are scientists who consider that there is no
relation between the kind of rocks and geotectonics. SHAND (1938) is one of them.
According to him, it is too radical an opinion to consider that alkaline rocks are
related to special geotectonic structure, and volcanic activity, without exception,
is related to faults.

No advance has been made concerning this problem since NigGLI. In relatively
recent times Bowen (1938) published the following opinion on the relation be-
tween the alkaline volcanic rocks in the African Rift Valleys and the tectonic
movements: it cannot be determined whether the zone of African Rift Valleys is
a tension region like the former view or a compression region like the later view,
since geologic evidence favors both views. We cannot be so bold as to connect such
an uncertain fact with the chemical property of lavas.

After having examined the basis of the above views, the writer reached the fol-
lowing conclusion. That is, (1) the rocks should be treated by discriminating be-
tween volcanic rocks and plutonic rocks rather than by simply alkaline rocks and
calcalkaline rocks. A result of such a treatment would be that it would not give
rise to diverse opinions. (2) There is a slight confusion between the conception of a
tension region or a compression region as an areal phenomenon and a region where
normal faults or thrusts are developed as a local phenomenon. Consequently dis-
cussions must be made as to the above-mentioned opinions on the basis of the
writer’s judgement. In this paper, however, the discussions are omitted ; instead,
the Cenozoic alkaline petrographic province of Eastern Asia will be discussed.

The facts which can be surely pointed out as geologic characteristics of this
petrographic province are as follows:

(a) From the viewpoint of the character of each rock series to which each rock
belongs, Cenozoic basalt in the Eastern Asiatic continent belongs to the alkaline
rock series almost without exception. Therefore, the Cenozoic alkaline petrographic

and discrimination of ‘push’ and ‘pull’ of the initial motion of earthquakes. The chains of active
volcanoes in Japan are unquestionably related to this movement.
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province of Eastern Asia includes an extensive region ranging from the eastern
part of Siberia in the north to the coastal zone of the South China Sea in the south.
However, the region where rocks having the characteristics of the alkaline rock
series (Tomira, 1933A) occur is limited to a relatively small region including the
circum-Japan Sea alkaline petrographic province and Manchuria.

It has been an object of discussion whether the characteristics of geologic struc-
ture of such regions are related to the formation of alkaline rocks. Consequently, in
this paper, discussion will be attempted with respect to the above region alone.

(b) In the Kilchu—Myodngch’dn district and Dogo, there was an age of marine
deposition which ended in the Middle Miocene prior to the eruption of alkaline
rocks. In the Kilchu—Myo6ngch’6n district, the age of the marine deposition was
followed by a period of upheaval and faulting. This period was followed by pene-
planation. On the other hand, on D&go there is no evidence of peneplanation. More-
over, from Early to Middle Miocene, D6go was a field of volcanic activity in the
calcalkaline petrographic province of the Japan Sea side type.

Judging from the results obtained by putting these facts together, the geologic
hysteresis previous to the eruption of alkaline rocks is considered to be unrelated to
the formation of alkaline rocks. Rather than the problem of this relationship, the
problem arises as to under what geologic conditions olivine-basaltic magma —the
parental magma of alkaline rocks—can intrude into the shallow part of the earth’s
crust without having its original condition changed.

(c) An example of deposition occurring to some extent in the course of the
activity of alkaline rocks has been reported from the Kilchu—Mydngch’6n district
and Do6go. The deposition, however, was not of the geosyncline type but rather of
the inland type, and the deposition was not accompanied by folding movements.
In this respect, it is remarkably different from the facts known for the Japan Sea
side of northeastern Japan and, hence, must be regarded as of great importance.

However, this does not answer the question of the relation between these facts
and the formation of alkaline rocks (alkaline trachyte, pantellerite, comendite,
etc.) from the olivine-basaltic magma.

The possibility of the following facts alone is considered to be worthy of note: in
the region which lacks deposition of the geosyncline type and folding movements
associated with the deposition, that is, in the relatively stable region, olivine-
basaltic magma which is the parental magma can work differentiation without
suffering external effects (physical and chemical). However, in the disturbed
region, the parental magma itself is possibly a secondary magma and the parental
magma is liable to suffer external effects in the course of differentiation. As a
matter of course, the following case may be included in this idea: according to the
condition of the earth’s crust, it may be possible that a rock type resembling calc-
alkaline rock is produced by external effects in the course of differentiation of the
alkaline rock series.

Such a problem is not related to this petrographic province alone, but is also
generally related to petrogenesis of igneous rocks, hence it may be premature to
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come to any conclusion. The problem should instead be studied carefully from
all sides.

Supplement

There are alkaline rock localities which were omitted from the correlation table
(Table 1) and from the above descriptions because the time of eruption is not known,
and for other reasons. These localities are described here for reference.

Otsurumizu in Kézaki, Oita Prefecture: This place has been famous for
the occurrence of alkaline trachyandesite and a monchiquitic rock for a long time
(Kozu, 1914). It is said that the mode of occurrence of these rocks seems to be
dikes traversing the so-called Sambagawa system (consisting of chlorite schist,
graphite schist and slate). From the facts that alkaline trachyandesite constitutes
the main body and that the monchiquitic rock is glassy, these rocks have been
inferred to be the marginal facies of the dikes. The chemical composition of these
rock types is shown in Table 22 (nos. a and b).

It is not known whether these alkaline rocks from Otsurumizu belong to the
Cenozoic alkaline petrographic province of Eastern Asia or are from the Inland
Sea volcanic zone.

Hyonam, Kuk-tong, Tong-myon, Myongch’on County, Hamg yong-pukto, Korea :

With respect to the igneous body traversing the Heiroku-dé (P’yongnyuk-tong)
beds and Kanchindo (Hamjin-dong) beds in the area, the composite intrusive
sheet in Hydnam (about 4 km north of Myongch’on) is a rare and interesting rock
body in the Cenozoic alkaline petrographic province of Eastern Asia.

This rock body was first introduced by Tarterwa (1925) and ITd (1937) later
described the details. This rock body intruded into the monoclinal Tertiary forma-
tion and is exposed for about 10 km along the river cliff. The distribution of the
exposed part on a geologic map is incompletely ring-shaped. The thickness of the
rock body exceeds 100 m but it thins abruptly on both ends. One end is cut by a
fault and the other end splits into several dikes which pinch out. This rock body
mainly consists of syenitic dolerite (Table 22, c and d), but in the vicinity of Hyo6n-
am, syenite which intruded later (Table 22, f) is found intercalated in the dolerite,
and a contaminated rock type was produced in the boundary between both types.
Moreover, syenitic aplite (Table 22, g) which intruded later, forms reticulated
veins in the dolerite or syenite.

In the Hyonam area, several trachytic dolerite dikes, which intruded later than
the above rock body, are developed. The dikes described by A. Lacroix (Table
22, €) seem to be those of this kind, and the lithologic character closely resembles
that of Pleistocene basalt. It is believed that the rock constituting the Hyonam
intruded sheet is Tertiary (Pliocene) in age.?®

24) This idea resulted from the writer’s study of the evolution types of magma. Its detailed
description is omitted in this paper.
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Hoeryong and Chongsong districts, Hamg yong-pukto, Korea : In the Hoer-
yong arca (IcuiMmura, 1924) and the Chongsong district (K6zu and SeTo, 1922)
also, as in the above-mentioned Hyonam area, trachydolerite and alkaline syenite
occur together. Results of chemical analyses of these types are shown in Table 23.

The noticeable type in this Hoeryong—Chongsong district is sodalite microsye-
nite. It has been known that a type containing sodalite is also found in trachydole-
rite (Table 23, k).

The feldspathoid group which occurs in the Cenozoic alkaline petrographic
province of Eastern Asia is leucite, nepheline, and melilite, and the occurrence of
sodalite minerals has not been reported from other regions.?® The rocks in the dis-
trict mentioned here distinctly traverse the Miocene series, and the age when the
rocks intruded is considered Pliocene. Therefore, the rocks are members of this
petrographic province.

Hence, it can be understood that a detailed petrogenetic study on various types
in this district is both highly important and desirable.

P’i-tzu-wo and Ta-sha-ho in Kuan-tung Province and the vicinity of Ta-shih-ch’iao in
Feng-t’ten Province, South Manchuria: From these places barkevikitic
monchiquite has been reported (Ocura, 1933). The rock in Kuan-tung Province
forms dikes traversing gneiss (pre-Sinian); the mode of occurrence of the rock in
Kuo-ti Shan in Ta-shih-ch’iao is not known. The chemical composition of bar-
kevikitic monchiquite from P’i-tzu-wo is shown in Table 24 (p).

There are no field data concerning the age determination necessary to confirm
that these monchiquites belong to the petrographic province in question. However,
according to Ogura’s inference, the monchiquite in Kuo-ti Shan, Ta-shih-ch’iao,
seems to traverse the quartz porphyry. If this quartz porphyry is of the same age as
the Cretaccous monchiquite distributed in Jehol and North China, the monchiquite
can be said to be a Cretaceous or post-Cretaceous intrusive rock.

On the other hand, the monchiquite from P’i-tzu-wo belongs from every chemi-
cal stand point to the same series as limburgite from Eastern Asia. That is, it is
considered that the monchiquite in question and the limburgites belong to the same
system of magmatic evolution; the former is a representative of dikes and the latter
is a representative of effusive rocks.2®

According to this view, it is inferred that the geologic age of monchiquite in
question is the same as that of limburgites, that is, the Early Pliocene. Of the basalts
in this area of the same age, the Pliocene basalts in the Shan-tung Peninsula are
distributed from the northern end of the peninsula to Miao-tao and other islands
and extend as far as Kuan-tung Province to the north through the neighboring

25) The sodalite nepheline syenite in Poksin-san, P’yonggang County, Kangwoén-do, Korea, is
a famous example, but the geologic age seems to be the beginning of Mesozoic. (The result of age
determination of allanite by means of the lead method is about 200 million years or less—personal
communication from N. Kokusu. Chemical Institute, Fac. Sci., Kytashtu Univ.) In this respect
the above syenite does not belong to the Cenozoic alkaline petrographic province of Eastern Asia.

26) A rock resembling monchiquite from Otsurumizu, Oita, and alkaline trachyandesite both
belong to a quite different series from limburgite.
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islands. Hence, it is believed that in Kuan-tung Province also there was activity of
basaltic magma in the same age as the Shan-tung Peninsula. Therefore, the above
inference is considered reasonable.

Taiwan : Teschenite which occurs in Lu-k’u (the summit of the pass
between K’ang-chieh-k’ang, Hsi-chih-chieh, Ch’i-hsing County, and Lu-k’u, Shih
ting-chung, Wen-shan County) in the vicinity of T’ai-pei is a Miocene intruded
sheet (IcHiMURA, 1929 and 1932) (Table 24, q, 1, s).

According to YeEn (1945) Miocene olivine basalt and basanite occur in the
vicinity of Ma-wu-tu, Hsin-chu Province.

These basalts and the teschenite belong to the alkaline rock series, and it is be-
yond doubt that the rocks are constituents of the Cenozoic alkaline petrographic
province of Eastern Asia as the age is Miocene or post-Miocene. The rocks, how-
ever, cannot be exactly correlated with the circum-Japan Sea alkaline petro-
graphic province.

P’enghutao basalt also belongs to the Cenozoic alkaline petrographic province
of Eastern Asia (Koto, 1900).

Central China and South China : There are Pleistocene basaltic areasin An-
huiand Chiang-su Provinces in the lower stream region of the Yang-tzu Chiang.??
Of'these, Nu Shan situated about 70 km east of Pang-fu, An-hui Province, has been
known as a basaltic volcano. Morcover, in the Nan-ching—P’u-k’ou area, many
Pleistocene basaltic tablelands (buttes) are distributed (the Fang Shan butte
situated south of Nan-ching is most striking). These basalts, to our regret, have not
been described in detail.

Concerning the distribution of the basalt, one opinion is that the basalt is a
southeastern extension of the row of volcanoes extending from the Ta-t’'ung Volcano
group to the Mongolian plateau in the north-northwest. It is considered reasonable,
however, to regard the area in question as the western extension of the San’in—
Cheju-do volcanic zone. That s, it is considered that the zone of Pleistocene basaltic
magma activity previous to the formation of the two seas—Huang-hai and Tung-
hai—extended through the San’in district and Cheju-do to the lower reaches of the
Yang-tzu Chiang.

On the other hand, there is a great lava plateau in the area extending from the
Lei-chou Peninsula to the northern part of Hai-nan Tao—a representative in
South China of the basalt distributed in the margin of the continent of Eastern
Asia. Wei-chou Tao (Lat. 21° N, Long. 109°L) in Tung-ching Bay, an almost
circular island 4 to 5 km in diameter, is a shield-like volcano, and there is
an explosion crater (1 km in diameter) in the southern part (Yact, 1949). The
volcano consists of trachybasalt. The phenocrysts are olivine, but titanaugite,
aegirine augite, and aegirine are found in the groundmass, and not only labrador-
feldspar but also anorthoclase is found in the groundmass feldspar. The chemical

27) The area about 100 km in diameter surrounded by Lake Hung-tse, Lake Kao-yu, Chin-p’u
Railway, and the Yangtse River.
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composition of the trachybasalt is shown in Table 24 (t). That is, this is an oli-
vine trachybasalt distinctly belonging to the alkaline rock series.

Shan-hsi Province : In Shan-hsi Province, post-Triassic alkaline in-
trusive rocks occur in places. (It is said that the Triassic-Jurassic complex is trav-
ersed by intrusive rocks). The principal rock types are syenites such as akerite
and nordmarkite, but in Tzu-chin Shan, Lin-hsien, nepheline syenite, tinguaite,
leucite syenite-porphyry, etc., are associated with the above rocks and in the area
east of Lin-fen analcite syenite has been known.

The age of intrusion of these rocks is not exactly known. When Nystrom (1927)
published a synthesis of the alkaline rocks in Shan-hsi Province, he suggested that
their age was not the same as the circum-Japan Sea alkaline petrographic prov-
ince.2® However, the writer cannot support his opinion for the following two
reasons: (a) in Shan-hsi Province, there is no evidence of crustal movement by
which igneous activity is considered to have been caused in the Tertiary, particular-
ly in the Pliocene; (b) the Cretaceous crustal movements were remarkable
throughout North China and the associated igneous activity was also active. In
addition, in association with igneous activity, the intrusion of monzonite and
akerite occurred in the eastern margin of the Shan-hsi plateau (the area southwest
of Hsing-t’ai, Ho-pei Province, and in the vicinity of Wu-an, Ho-nan Province).
Thus, in the writer’s opinion, the age of the alkaline intrusive rocks in question in
Shan-hsi Province is Cretaceous and the activity belongs to the igneous activity
associated with the well-known Yenshan movements. Therefore, these rocks are
considered to have no relation with the Cenozoic alkaline petrographic province
of Eastern Asia.

28) At that time (1927) this petrographic province had been known through the following paper:
Yamanari, F., 1924, Soda-pyroxene in the Tertiary and post-Tertiary alkaline rocks from the
environs of the Sea of Japan: Jap. Jour. Geol. Geog., v. 3, nos. 3-4.
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Table 2. Chemical Composition of Mongolian Basalts.
| No.| [ |

No. 1 2 3 4 1 2 | 3 4
— ___ [Norms S S N
Si0, 4240 | 4256 4624 | 47.64 | or 1390 1001 | 1001  7.78
AlLLO, = 1450 1455 1619 1517 | ab 8.12 | 1454 | 23.06 | 27.77
Fe,Oy 3.58  4.70 i 4.46 ‘ 857 | an | 1084 1529 | 24.19 | 22.80
FeO = 857 857 666 285 n 1775 | 1171 284 | —
MgO | 617 754 727 763 | hl 0.12 — —_ -
CaO | 942 872 908 1008 wo @ 11.49 8.93 7.31 8.70
Na,0 | 490 431 336 328| en 6.80 | 5.70 520 | 11.50
K,O | 236 172 166 134| fs 4.09 | 264 145 —
TiO, 2.13 228 202 202| fo 6.02 | 9.17 9.10 5.32
P,O, 131 103 051  065| fa 4.18 4.59 3.06 s
MnO | 0.24 025 012 018 me 5.34 6.73 6.50 | 4.18
H,O+ | 370 297 137 038 m — — | 576
H,O— | 084 093 082 034 il 410 441 | 380 | 3380
0, n.d. nd. | nd. 027 | ap 3.02 235 1.34 1.68

¢ | 007 nd| nd nd. [ N

Total | 100.19 10013 9976 10046 | or 42 25 17 13

‘ ab 25 37 4l 48

Analyst | RAOULT} RAOULT‘} Raourt| Raourt| an 33 ‘ 38 42 39

B R S \ i | \[ 1

Q 14 10 |10 21

fo | 51 60 68 79

Ja | 35 30 | 22 0

1. Basanitoid ; north entrance of Shen-wei-t’ai, Wan-ch’uan Hsien, Cha-ha-erh Province.

2. Basanitoid ; Shan-p’o-pao, Wan-ch’uan Hsien, Cha-ha-erh Province.
3. Labradorite basalt, doleritic; near Han-no-pa pass, Wan-ch’uan Hsien, Cha-ha-erh Province.
4. Porphyritic andesine basalt; same locality as 3.
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Table 3. Chemical Composition of Yong-dong Alkaline Basalts.

No. 5 6 7 8 | 9 10
Si0, . 43.48 43.52 44.32 44.90 | 47.82 49.52
AL O, 16.78 9.83 12,51 18.57 18.85 16.42
Fe,O, 2.71 2.48 3.68 | 7.89 | 4.96 3.53
FeO 6.20 6.96 5.27 j 420 | 6.06 5.56
MgO 10.66 14.09 13.98 5.11 | 4.85 6.52
CaO 10.24 13.36 10.82 ! 8.22 8.52 7.76
Na,O 3.21 3.22 3.15 3.02 | 2.52 2.94
K,O 0.69 0.87 0.80 3.33 | 2.43 2.35
TiO, 1.04 1.01 1.18 1.03 | 1.47 1.32
P,0;, | 1.05 2.63 0.57 049 | trace 1.09
MnO 0.17 0.17 0.20 | 0.79 | 0.14 0.15
H,O0+ 2.79 2.23 2.71 1.62 1.60 1.74
H,0— 0.54 0.31 1.04 0.52 | 0.95 1.09
Cl n.d. n.d. 0.10 nd. | n.d. n.d.
SO, n.d. n.d. 0.03 I nd. | 0.28 n.d.
Total 99.56 100.68 100.36 || 99.69 } 100.45 99.99
Anal. | TEesHIMA TESHIMA RaouLT 1 UsHijiMa !GEOL. SurvEYy, TESHIMA

| | | CuOsEN

Norms | [
or 3.89 5.00 5.00 | 19.46 14.46 13.90
ab 16.77 9.17 11.53 | 13.10 20.96 24.63
an 29.47 9.73 17.51 27.52 33.08 21.96
ne 5.68 9.80 8.24 | 6.53 — —
wo 5.80 16.70 13.57 | 3.94 3.83 3.83
en 4.10 12.00 10.60 | 3.30 7.90 16.00
fs 1.19 3.17 145 | 0.13 3.17 5.28
Jfo 13.11 16.24 17.08 | 10.15 2.94 0.21
fa 5.00 4.69 2.75 || 0.61 1.22 0.10
mt 3.94 3.71 534 | 11.37 7.19 5.10
il 1.98 | 1.98 2.28 1.98 2.74 2.43
ap 2.69 6.05 1.34 x 1.34 — 2.69

) . - L | ... .
or 8 21 15 32 21 23
ab 33 38 34 22 31 41
an 59 41 51 ‘ 46 48 36

|

Q 6 12 11 7 20 28
Jo 71 68 77 88 56 53
fa 23 20 12 5 24 19

5 & 6. Olivine-analcite basalt; Yong-dong, S6-myon, Myéngch’énr-élrlint”ﬁ

Korea (Tomita, T., 1928, Shanghai Sci. Inst. Jour., sect. 2, v. 7, p. 58).
7. Olivine-analcite basalt; (Lacroix, A., 1928, Geol. Soc. China Bull., v. 7, p. 58)
8. Olivine dolerite; Sindong-ch’6n, Changbaeng-myon, Kilchu-gun, Hamgydng-pukto, Korea
(Tateiwa, 1., 1925, Geol. Atlas of Chésen, no. 4, p. 2).
9. Olivine dolerite; Yongdong-ch’6n (near Sindong-ch’6n), Changbaeng-my6n, Kilchu-gun,
Hamgyong-pukto, Korea.
10. Labradorite-olivine dolerite; Yong-dong (Tomita, T., 1931, Shanghai, Sci. Inst. jJour., sect. 2,
v. 1, p. 246).

amgyong-pukto,
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Table 4. Chemical Composition of B,.

No. no| oz 4 |15 |16 17 | 1819
SiO, 45.42 ‘ 47.88  48.16 44.06 47.76 4840  49.02 ‘ 50.69 55.25
Al O, 13.10 | 15.09  14.74 15.17 17.14 16.74 16.38 | 15.55 13.98
Fe,O; = 4.51 | 3.59 2.75 3.64 2.64 0.52 328 3.90 1.06
FeO | 766 8.59 7.45 10.98 6.05 8.87 6.29 | 3.24 7.56
MgO 9.30 | 4.96 6.55 7.76 8.43 7.38 10.24 4.56 2.06
CaO 10.62 | 8.82  10.06 9.62 12.27 8.20 8.75 | 11.23 7.00
Na,O 2.82 3.31 3.28 2.25 2.33 2.78 2.49 |  3.37 3.72
K,O 1.57 | 1.59 2.09 0.82 1.19 2.88 1.18 2.60 3.29
TiO, 242 | 2.52 2.00 269 | 091 2.88 1.00 | 1.44 2.88
PO, 0.50 0.58 0.41 0.75  0.85 0.92 0.44 | 0.94 0.35
MnO 0.23 0.19 0.16 0.22 0.17 0.15 0.19 | 0.20 0.15
H,0+ 0.76 1.71 2.00 l 1.37 0.44 0.07 0.30 |  0.69 2.78
H,O0— 0.43 121 042 | 045 0.36 0.10 0.66  2.08 0.46
CO, © 096 | 0.27 — e — — V,0, 0.03| — —
T § NiO 0.012|

otal | 100.30 | 100.31 100.07 99.78  100.54 99.89 100.962 | 100.49 | 100.54
Anal.  |RaourtRaourt Raourt | UskijiMa TEsHIMA Tesnmma | KATSURA “TESHIMA TEsHIMA
Norms | ‘ ‘ [ ) . 0 4.68
or 9.45 945 | 12.23 5.00 7.23 l 17.24 7.23 15.57 | 19.46
ab 20.83 | 27.77 | 21.22 18.86 19.39 21.48 20.96 26.46 ©  31.44
an | 18.35 | 21.68 | 19.18 28.91 32.80 ‘ 2446 | 30.02 19.74 11.68
ne 1.49 — 3.55 — - 1.14 | - 0.99 —
wo 10.21 6.96 | 11.72 5.80 940 4.18 | 4.41 12.76 8.47
en L 7.20 8.50 7.30 7.90 6.90 ‘ 13.67 14.40 10.50 5.20
fs 2.11 6.20 3.70 5.28 251 1  9.23 4.36 0.66 8.45
Jo 11.27 2.73 6.37 8.05 9.94 ; 11.27 7.84 0.63 -
Ja 3.67 2.14 3.57 6.02 4.08 | 7.65 2.45 0.10 —
mt 6.50 5.34 4.18 5.34 3.71,  0.70 4.87 5.57 1.62
il 4.56 4.71 3.80 | 5.17 1.67 “ 5.47 1.98 2.74 5.47
ap 1.34 1.34 1.01 | 1.68 2.02 | 2.02 1.01 2.02 1.01

\

or 19 16 23 | 9 12 27 13 25 31

ab 43 47 40 36 33 34 36 43 50

an 38 37 37 55 55 39 51 32 19

Q 11 20 14 13 11 5 18 28 | 50

Jo 67 44 | 55 50 63 56 62 67 18

Ja 22 36 31 37 26 39 20 5 i 32

| | |

11. Andesine basalt; Wei-ch’ang Hsien, Je-ho Province (Lacroix, A., 1928, Geol. Soc. China Bull.,

v. 7, p. 51).

12. Porphyritic andesine basalt; Hsiao-wan-wan-kou, Wei-ch’ang Hsien, Je-ho Province (Lacroix,

A., 1928, ibid., p. 48).

13. Andesine basalt, doleritic; (Lacroix, A., 1928, ibid., p. 45).
14. Tephritic rock; Ichimuroyama, Takakura, Shénaimura, Kahogun, Fukuoka Prefecture

(Ueji, T., 1927, Japan Assoc. Advancement Sci. Rept., no. 4, p. 351).

15. Olivine dolerite; Yamada, Goka-mura, Dégo, Oki Islands (Tomita, T., 1951, Fac. Sci.,

Kyashi Univ., Research Rept., v. 3, no. 3, p. 86).

16. Hypersthene-augite-olivine-labradorite dolerite; east of Hatta, Dégo, Oki Islands (Tomita,

T., 1931, Shanghai Sci. Inst. Jour., sect. 2, v. 1, p. 244).

17. Olivine dolerite; Konoura, Shodoshima, Seto Inland Sea (Tomita, T., refer to 15).
18. Nonporphyritic trachyandesitic basalt; west of Kurada, Dégo, Oki Islands (Tomita, T., 1935,

p- 246).

19. Nonporphyritic vitreous trachyandesite; coast of Kama, T6go-mura, Dogo, Oki Islands

(Tomita, T., 1936, refer to reference 10, p. 114).
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Table 5. Chemical Composition of AT;.

No. | 20 ’ 21 22 23 24
Sio, | 61.41 64.81 65.10 65.51 67.90
Al,O, | 15.19 16.70 15.56 15.93 15.03
Fe,O, | 2.03 1.34 2.01 1.17 2.03
FeO ‘ 1.33 2.57 2.79 2.12 1.67
MgO 1 trace 0.32 0.14 0.29 none
CaO ‘ 1.54 1.43 1.75 1.52 1.11
Na,O 1.65 2.69 3.79 3.22 4.32
K,O 4.33 ‘ 7.07 6.53 6.99 5.85
TiO, 0.75 0.75 0.76 0.69 0.66
POy, 0.31 0.27 0.25 0.28 0.23
MnO 0.06 0.11 0.12 0.05 0.03
H,O + 7.44 0.42 0.31 1.04 0.48
H,O—- 3.08 1.09 0.46 0.69 0.45
Total 99.12 99.57 99.57 99.50 99.76
Anal. ‘ TESHIMA TESHIMA TESHIMA TESHIMA TESHIMA
Norms i )

Q 32.64 17.76 14.16 11.76 18.60
C 5.61 2.65 _— 1.02 —
or 25.58 42.26 38.36 41.14 34.47
ab 14.15 23.06 31.96 27.25 ‘ 36.15
an 5.84 5.00 6.39 5.56 4.45
wo —_ —_ — — 0.12
en — 0.80 0.40 0.70 —
fs — 2.64 2.24 1.72 0.26
mt 2.09 1.86 3.02 1.86 3.02
hm 0.64 — —_ — -
il 1.52 1.37 1.52 1.37 1.22
ap 0.67 0.67 0.67 0.67 0.34
et i 60 50 56 46
33 42 37 48
an 13 7 8 7 P
J% 100 87 88 87 I
fa 0 3 2 4 0
10 10 9 1

20. Pumice of plagioclase-anorthoclase trachyte; foot-hill ESE of Mt. Yokoo, Dogo, Oki Islands
(Tomita, T., 1935, Skanghai Sci. Inst. Jour., sect. 2, v. 1, p. 252).

21. Plagioclase-anorthoclase trachyte; about 3 km south of Nawashiroda, Goka-mura, Dogo, Oki
Islands (Tomita, T., ibid., p. 254).

22. Banded andesine-anorthoclase—sola-diopside-anorthoclase trachyte ; K6ji, Goka-mura, Dégo,
Oki Islands (Tomita, T., ibid.).

23. Plagioclase-anorthoclase trachyte (rhyolitic) ; south shore of Omosu-wan, Dégo, Oki Islands
(Tomita, T., ibid.).

24. Plagioclase-anorthoclase trachyte (rhyolitic); a sea cliff opposite Suzume-jima, Nakamura,
Dogo, Oki Islands (Tomita, T., ibid., p. 256).
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Table 6. Chemical Composition of B, Dolerite.

| |
No. 95 | 2 | 27 | o8 29 30
SiO, | 46.54 49.01 49.50 50.24 50.43 1 51.13
ALO, 1441 15.02 16.71 15.06 15.18 16.46
Fe,O; | 7.07 5.02 3.52 6.32 2.77 3.41
FeO | 4.49 6.89 8.86 7.68 8.92 8.16
MgO | 4.88 6.31 } 4.04 4.05 4.98 2.88
CaO 8.81 7.86 ‘ 7.68 8.08 8.96 5.30
Na,O | 5.07 3.38 3.24 3.52 3.13 4.14
K,O 1.18 2.20 1.30 1.80 1.52 3.26
TiO, 3.46 2.65 2.50 2.18 2.90 1.66
P,O, 1.88 0.76 ; 0.64 0.34 0.49 3 1.27
MnO 0.15 0.27 ‘ 0.20 0.05 0.21 0.46
H,O+ | 0.96 0.08 " | 0.93 0.30 0.01 0.35
H,0— | 1.18 0.17 i 0.55 0.26 0.11 ‘ 0.21
CO, | n.d. 0.35 ‘ 0.27 n.d. 0.29 0.89
SO, n.d. n.d. n.d. 0.69 n.d. n.d.
Total 100.08 99.97 \ 99,94 100.57 99.90 99.56
Anal. | TEeEsHIMA MUuRATA t MuraTa ? MuraTA MuraTa
|
Norms o o
Q —- — 1.92 3.24 ‘ 0.72 0.24
or 7.23 12.79 7.78 10.56 i 8.90 19.46
ab 36.68 28.82 27.25 29.34 | 26.72 34.58
an 12,79 19.18 27.24 20.29 22.80 16.96
ne 3.41 — — — — —
wo 7.89 5.92 3.13 5.10 7.54 3.48
en 6.80 10.40 10.10 10.10 | 12,50 7.20
Js — 3.04 9.64 5.5 ‘ 9.64 2.38
Jo 3.78 3.78 — 1 — ‘ —- —
Ja — 1.22 — ‘ — — —
mt 4.87 7.19 5.10 9.05 4.18 4.87
hm 3.68 — — — — s
il 6.69 5.17 4.71 4.10 5.47 3:19
ap 4.37 2.02 1.34 0.67 1.34 3.02
or 13 21 12 17 L5 27
ab 65 ! 47 44 49 46 49
an 22 32 44 34 39 24
| |
o |19 | = 33 | 36 29 30
Jo .8l .60 33 L 40 .38 .51
fa 0 ‘ 19 ‘ 34 | 24 33 ‘ 19
| |

25. Olivine trachyandesitic basalt; Ksueh-hwa Shan, Ching-hsing Hsien, Ho-pei Province

26.

27

28.

29.

30

(Tomita, T., 1933, Shanghai Sci. Jour., sect., 2, v. 1, p. 5).

Labradorite-augite-olivine dolerite; Paektu-san (Ogura, T., 1951, Chemical composition of
the Manchurian igneous rocks, no. 118, in Geology and Mineral Resources of the Far East).
Augite-olivine-labradorite basalt; north of Shih-erh-tao-kou, Chang-pai Hsien, in the foothills
of Paektu-san (Ogura, T., ibid., no. 115).

S6kp’s basalt; Kuryongso, Yongch’sl-li, Puktuil-myén, Tanch’6n-gun, Hamgyong-namdo,
Korea (Kinosaki, Y., 1937, Geological Atlas of Chésen, no. 14, p. 17).

Olivine augite-labradorite basalt; same as 27 (Ogura, T., ibid., no. 109).

. Trachyandesite; pass south of Ma-an Shan, P’aektu-san (Ogura, 1., ibid., no. 79).
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Table 7. Chemical Composition of B, (Limburgites).

|
No. | 3l 32 | 33 34 %5 | 36
| |
SiO, 1 42.64 1 42.93 1 43.26 42.52 42.80 42.98
Al O, | 12.32 10.71 13.40 12.72 14.01 13.67
Fe,O,4 5.56 6.03 3.06 4.06 4.79 4.13
FeO 7.85 6.14 8.36 7.98 7.84 9.45
MgO 9.14 ‘ 11.48 11.98 9.69 5.79 7.89
CaO 11.38 11.21 11.76 9.92 8.94 10.06
Na,O | 3.58 2.42 3.44 3.37 3.80 4,27
K,0 | 1.39 1.98 1.03 2.09 3.57 2.11
TiO, | 3.44 2.48 1.75 3.46 2.22 3.18
P,O; | 0.57 1.38 0.55 0.27 1.43 0.87
MnO | 0.06 1.23 0.21 0.20 0.22 0.21
H,O+ | 2.07 2.78 1.11 2.58 4.20 0.52
H,O-— | 0.46 } 0.71 0.67 0.52 0.16
CO, n.d. ‘ n.d. n.d. 0.52 n.d. 0.64
Cl n.d. ; n.d. n.d. n.d. n.d. 0.07
Total ‘ 100.46 . 100.77 100.62 100.05 100.13 100.34
Anal. | RaouLt | Yokovama | HArumoTO RaouLTt Raourt RaouLt
Norms [
or 8.34 11.68 6.12 12.23 21.13 12.23
ab 8.38 10.48 3.67 7.86 7.07 10.35
an 13.34 12.51 18.07 13.34 10.56 12.79
ne 11.93 5.40 13.63 11.08 13.49 13.13
hl - — — — — 0.35
wo 16.59 14.15 15.20 12.99 10.32 11.48
en 12.50 10.90 10.40 9.50 6.50 7.30
S 2.38 1.72 3.56 2.24 3.17 3.43
Jo 7.28 12.46 13.72 10.29 5.60 8.68
Sa 1.53 2.04 5.20 2.75 3.06 4.38
mt 8.12 8.82 4.41 6.03 6.96 6.03
il 6.54 4.71 3.34 6.69 4.26 6.08
ap 1.34 3.36 1.34 0.67 3.36 2.02
or 28 34 22 37 54 35
ab 28 30 12 23 18 29
an 44 36 65 40 28 36
Q 18 14 12 14 12 12
fo ‘ 68 74 64 68 65 58
Ja i 14 12 24 18 23 30

32.

33.

34.

35.

36.

. Limburgite; Ch’i-hsing Shan, T’ai-an Hsien, Shan-tung Province (Lacroix, A., 1928, Geol.

Soc. China Bull., v. 7, p. 48).

Limburgite; Taifun-san, Iwami Province (H. S. Washington, 1917, U.S.G.S. Prof. paper,
no. 99, p. 625).

Limburgite; Kasegizuka near Tsuyama, Okayama Prefecture (Harumoto, A., 1951, A
lecture delivered at the 58th general meeting, Geol. Soc. Japan).

Limburgite; Kauo-tch’eng-chan, southwest of Lin-hsi Hsien, Je-ho Province (Lacroix, A.,
1928) [in #31 above].

Limburgite; Mu-ling Ho, Chi-lin Province (Lacroix, A., 1929, Geol. Soc. China Bull., v. 8,
p. 55).

Limburgite; Ta-li-po, Ching-p’eng Hsien, Je-ho Province (Lacroix, A., 1928, [in #31 above],
p. 48).
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Table 8. Chernical Composition of B, (Nepheline Basalts).

No. 37 D | 0 | a4 | 2 | s | w 45 %
SiO, 41.13 44.98 34.26 34.98 35.47 | 35.50 35.66 35.93 35.96 36.00
ALO, 12.00 15.56 11.89 11.18 11.04 | 11.12 11.97 13.26 14.18 12.87
Fe,O, 4.27 5.15 7.55 5.99 7.30 | 523 5.19 | 5.59 6.43 5.55
FeO 9.94 7.30 8.20 8.83 9.01 | 6.75 9.69 ‘ 10.06 8.55 9.68
MgO 9.42 3.31 8.01 8.36 9.22 | 8.55 8.35 | 7.90 7.14 8.68
CaO 10.97 9.20 14.75 13.52 14.16 15.00 | 1439 | 13.37 14.00 16.28
Na,O 5.22 5.34 4.16 4.22 3.62 5.41 3.65 | 4.92 2.44 | 3.64
K,O 2:24 129 172 3.99 1.97 | 0.86 | 1.89 { 2.92 092 | 1.85
TiO, 2.62 2.89 2.30 2.39 2.38 | 1.95 | 3.74 | 2.28 2.35 | 1.74
P,0O; 1.32 0.43 2.36 2.53 1.75 | 2.43 1.37 | 2.39 2.17 1.95
MnO 0.17 0.23 0.34 0.26 0.40 | 0.27 0.30 | 0.34 0.33 0.31
H,0+ 0.68 3.77 3.49 2.49 2.98 4.88 4.04 | 0.57 4.43 2.03
H,0— 0.27 0.54 1.14 0.32 1.19 | l 0.26 1.13 0.59
CO, n.d. n.d. 0.29 n.d. 0.13 0.45 nd. | 0.15 0.20 | nd.
Cl n.d. nd. 0.18 n.d. 0.12 | 0.17 nd. | n.d. nd. n.d.
S n.d. 0.04 0.07 0.10 0.14 | 0.08 nd. | n.d. nd. n.d.
Total 100.25 99.49 100.00 ! 100.24 99.94 100.23 100.77
Anal. |Harumoto|SHmvizu & | Sarro  Sucawara,|  Sarro | Sarro | Yoxovama| Tanaka | Tanaka |Harumoro

OHASsHI Oana, & ! I ] I
KAYAMA | i ! ]

Norms [ l‘

or 12.79 7.78 — — — | — — — 5.56 —
ab 2.10 23.06 — — — | — | — — — —
an 3.06 14.73 8.90 —_ 8.06 | 3.3¢ | 10.84 5.56 25.02 13.07
le — — 7.85 18.75 9.16 | 4.36 | 8.72 | 13.52 — 8.72
ne 22.72 11.93 19.03 19.03 16.47 24.71 | 16.76 | 22.44 11.08 16.79
ac — — — 0.46 — — — — — —
wo 17.98 11.72 10.67 3.48 11.37 | 15.08 ‘ 10.56 6.61 | 12.64 7.54
en 11.60 7.00 7.60 2.10 7.90 ‘ 10.90 | 7.10 4.00 | 8.30 4.70
A 5.15 4.09 211 1.19 2.51 ‘ 227 | 2.64 2.24 | 343 2.38
Jo 1.40 0.91 8.68 13.16 10.64 | 7.00 | 9.66 11.06 6.72 11.90
Ja 4.18 0.51 2.65 8.87 3.67 1.94 1 4.08 6.63 2.96 6.53
cs — — 122 12.99 7.40 ‘ 5.93 8.08 | 8.77 — 12.38
mt 6.26 7.42 11.14 — 10.67 | 7.66 7.66 | 7.89 | 9.28 8.12
il 5.02 | 5.47 4.41 4.56 4.56 | 3.80 6.99 | 4.41 4.41 3.3¢
ap 3.02 1.01 5.71 6.05 4.03 ‘ 5.71 3.36 | 5.71 5.04 3.70
cc — — — — - | — — | 0.30 0.10 —_
0 17 | 33 8 14 10 ‘ 4 9 | 10 14 9
ne 64 ‘ 57 71 50 64 ! 85 66 63 67 66
kp 19 10 21 36 26 1‘ 11 25 I 27 19 25

Q 6 24 13 3 9 17 12 i 7 16 8
Jo 63 47 67 58 75 65 62 58 58 59
Sa 81 29 20 39 16 18 26 35 26 33

37. Nepheline basalt; Lao-chai Shan, near T’ang-shan, Ch’i-hsia Hsien, Shan-tung Province
(Harumoto, A., 1949, Chigaku, Kyéoto Univ., v. 1, no. 1, p. 42).

38. Nepheline basalt (manchurite); Ts’ao-tzu-erh (Tsao-shi-err), Ying-e-men (Yingemen),
Ch’ing-yuan Hsien, Feng-tien Province (Kotd, B., 1912, Tokyo Univ., Coll. Sci. jJour., v. 32,
p. 11), (Lacroix, B., 1929, Geol. Soc. China Bull., v. 8, p. 51).

39. Nepheline basalt; in the vicinity of Nagahama, Iwami Province (newly analyzed by Nobufusa
Saito).

40. Nepheline basalt; same locality as above (Sugawara, S., Oana, S., and Toyama, T., 1945,
Tokyo Imp. Acad. Proc., v. 20, p. 722).

41. Nepheline basalt; same locality (newly analyzed by N. Saitd).

42. Nepheline basalt, same locality (newly analyzed by N. Saito).

43. Nepheline basalt; same locality (H. S. Washington, 1917, U.S.G.S. Prof. paper, no. 99, p. 699).

44. Nepheline basalt, same locality (Ichikawa, W., 1928, unpublished graduation thesis (MS),
Tokyo Imp. Univ., p. 55).

45. Nepheline basalt; same locality (Ichikawa, W., ibid., p 56).

46. Melilite-nepheline basalt; vicinity of Takano village (Harumoto, A., 1949, Geol. Soc. Japan
Jour., v. 55, p. 148).
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Table 10. Chemical Composition of the Rocks From Kilchu and Mydngch’6n Districts.

No. | 73 | 7 | 75 %6 | 77 | 79 | 80 | 81 | 8 83 84
SiO, 1 63.52 l 67.88 | 68.04 | 68.17 72.5¢ | 7313 | 73.21 73.38 | 74.28 | 74.30 | 74.65 75.18
ALO, 1580 | 13.47 | 12.83 12.47 11.79 12.78 14.55 | 11.88 12.48 10.40 10.43 11.40
Fe,O; | 3.47 246 | 2.50 0.05 2.82 2.87 | 040 | 2.32 0.74 2.75 3.38 1.25
FeO 289 ’ 327 | 312 098 | 191 1.29 239 | 191 2.03 2.18 1.30 245
MgO 045 | tr. | 080 | 0.50 tr, 0.22 1.22 | tr. | 017 0.37 0.08 tr.
CaO | 123 | L14 ' 223 | 066 0.52 | 0.05 1.10 | 054 | 0.70 0.32 0.46 0.48
Na,0O | 565 | 572 | 3.99 7.89 444 | 371 | 269 | 408 | 275 4.19 4.13 3.92
K,O | 5.50 435 | 548 6.10 487 | 5.14 | 380 | 505 | 58l 5.03 4.97 4.68
TiO, tr. | 0.36 | none ir, 040 ' 023 | 0.06 | 028 | 043 0.37 0.23 0.24
P,04 tr. | 0.07 | none tr. 0.06 none l 0.01 0.08 | none 0.04 0.01 0.06
MnO 0.05 | 0.18 tr. none 013 ! 0.05 | 023 0.10 | tr. 0.09 n.d. 0.14
H,0+ 043 | 057 0.58 2.82 053 | 0.25 i 0.38 030 | 091 0.50 | 0.21 0.30
H,0— | | 0.67 0.32 1.10 027 | 016 | 0.8 0.14 = 0.17 0.40 0.25 0.35
SO, | L12 | nd. | nd n.d. nd. nd. | nd nd. | nd. n.d. n.d. n.d.
Total 100.11 1100.14 |100.49 |100.74 [100.28 | 99.88 100.22 100.06 |100.47 |100.91 |100.10 |100.45
Anal. Sero | Raourt USIHJIMA}‘ SETo | Raourt | SETO Yact Seto | RaouLt
“Norms | i ] [ | [ |
Q | 6.18 | 1644 | 17.64 19.08 | 27.5¢ | 31.62 | 36.78 | 29.04 | 36.96 | 30.72 31.68 | 32.52
C P Pl — — | 102 | 398 — 04l — | - —
or | 32,80 | 26.13 | 32.80 | 36.14 | 2891 | 30.02 | 22.24 | 30.02 | 34.47 | 29.47 | 29.47 | 27.80
ab | 47.68 | 44.54 ‘ 34.06 | 30.39 33.54 | 31.44 23.06 33,01 | 23.06 | 2568 | 25.68 32.49
an | 139 | = } 0.28 | — — | 028 | 5.6 — | 361 — | — —_
ac | —_ 3.23 | —_ — 3.70 | — —_ 1.39 | -_— 832 | 832 0.46
ns { — | = 4.76 = — ] e s - 012 | — =
wo . 1.86 0.35 452 | 151 1.04 — — 0.35 — 0.70 | 0.93 1.04
en 1.10 — 2.00 | 1.30 — 0.60 | 3.10 — | 040 0.90 0.20 —
/s | 251 | 449 462 | 1.8 1.72 — | 422 1.58 | 2.38 | 343 | 1.58 3.43
mt 5.10 | 2.09 3.71 | - 2.32 3.71 | 0.70 2.55 | 1.16 — 070 1.62
il 1 — | 076 — — 0.76 046 | 0.15 061 | 0.76 0.76 = 0.46 0.46
ap ‘ — | 034 — == — hm0.32 | — 0.34 | — —_ ‘ — b
or 40 37 | 49 | 54 | 46 49 44 | 48 ! 56 53 | 53 | 46
ab 58 63 51 |5 |5 |51 45 52 | 38 47 41 | 53
an 2 0 0 } 0 | 0 0 Ll 0 | 6 0 | o |1

| |

Q 72 83 79 i 90 | 95 99 | 88 96 | 95 91 ‘ 96 93
fo 8 0 6 | 4 0 L1 5 0 | 1 2 |0 0
fa 20 17 15 | 6 5 L0 |7 4 4 7 | 4 7

73. 'L'oryu-san alkali-trachyte; Kusoktok, Yongch’ol-li, Puktuil-myon, Tanch’én-gun, Ham-
gyong-namdo, Korea (Kinosaki, Y., 1932, Geologic Atlas of Chésen, no. 14, p. 17).

74. Trachytes a silice libre (2¢ facies); Tongho-dong, Hago-mydn, My6ngch’én-gun, Ham-
gyong-pukto, Korea (Lacroix, A., 1927, Comptes Rendus, Tome 185, p. 1414).

75. Aegirin-augite-anorthoclase trachyte (Chongam-san hakutoite) ; Tongho-dong, Hago-myén,
Myéngch’sn-gun, Hamgydng-pukto (Kozu, S., and Seto, K., 1926, Proc. 3rd Pan-Pacific
Sci. Cong. Tékyo, v. 1, p. 781).

76. Spherulitic trachyte-pitchstone (at the base of the Mokchin purplish alkali-trachyte);
Wonsok-tong, Sanggo-mydn, Mydngch’dn-gun, Hamgydng-pukto (Koézu, S., and Seto, K.,
1929, Abstract from the paper of the 4th Pacific Sci. Cong. Java, v. 2, B, p. 1067).

77. Comendite (facies a lithophyses) ; Chaeddk-san, Mydngch’n-gun, Hamgydng-pukto (Lacroix,
A., 1927 [item 74], p. 1413).

78. Comendite (Puhyang alkali rhyolite); Ch’onddng-ni, Mydngch’6n-gun, Hamgyoéng-pukto
(Yamanari, F., 1925, Geologic Atlas of Chosen, no. 3, p. 10).

79. Comendite; Kapsan, Unhting-myon, Kapsan-gun, Hamgydng-namdo (Kézu, S., and Seto,
K., 1929, p. 1067).

80. Comendite (facies a lithophyses); Kaesim-dong, Mydngch’don-gun, Hamgydng-pukto
(Lacroix, A., 1929, p. 1413).

81. Soho (Silbong) moonstone rhyolite; Kwangsok-ch’on, Sanggo-myén, Myodngch’6n-gun,
Hamgyong-pukto (Yamanari, F., 1925, p. 10).

82. Comendite (aphanitic); Sintoyong near Ch’ilbo-san, Myongch’6n-gun, Hamgyong-pukto
(Yagi, K., 1950, Kagaku, [Science], v. 20, no. 2, p. 84).

83. Comendite; Kapsan, Unhling-mydn, Kapsan-gun, Hamgydng-namdo (K&zu, S., and Seto,
K., 1922, Geol. Soc. Japan Jour., v. 29, p. 216).

84. Comendite (facies micro-granulitique); K’ach’i-bong (Chak-pong), Myodngch’6n-gun,
Hamgyong-pukto (Lacroix, A., 1927 [item 74], p. 1413).
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Table 11. Chemical Composition of the Rocks From Kilchu and
Myodngch’6n Districts.

No. A B ! C D E F
SiO, 67.74 68.17 69.88 70.19 73.26 74.27
Al,O,4 19.03 16.77 15.50 15.17 15.03 16.92
Fe,O, 2.28 2.44 3.66 2.01 0.96 0.98
FeO 1.54 2.00 2.12 2.46 1.46 2.28
MgO 0.08 0.12 0.36 0.28 ti: 0.51
CaO 0.61 0.42 0.27 0.24 tr. 1.30
Na,O 3.16 2.99 1.96 1.76 3.34 3.26
K,O 4.66 4.55 3.74 5.74 5.06 0.51
TiO, 0.45 0.25 0.16 none none none
P,O, tr. tr. tr. tr. tr. tr.
MnO 0.15 0.09 0.23 0.22 tr. tr.
H,O0+ 0.57 0.87 0.91 0.38 0.46 0.41
H,0— 0.23 0.55 0.55 0.26 0.19
SO, tr. 0.39 0.59 tr. n.d. n.d.
Total 100.50 99.61 99.90 99.66 99.66 100.63
Anal. |Cuosen U.G.| C.U.G. C.U.G. C.U.G. C.U.G. SETO
Norms \

Q 29.76 23.22 37.02 ‘ 29.70 31.18 49.14
(o] 7.55 — 3.37 f 3.98 3.88 8.67
or 27.80 27.24 21.68 l 33.92 30.02 2.78
ab 26.72 25.15 16.77 | 23.58 28.82 27.77
an 3.06 | 18.90 13.34 ‘ 1.11 - 6.39
wo - | 0.81 — i — — —
en 0.20 0.30 0.90 3, 0.70 — 1.30
fs 0.40 1.45 0.92 | 3.17 1.85 1.58
mt 3.25 3.48 5.34 | 3.02 1.39 1.39
il 0.91 0.46 ‘ 0.30 ‘ — ‘ — —

= g 0% P

Alkaline granite porphyry; Maegong-ni, Sanggo-mydn, Mydngch’6n-gun, Hamgy6ng-pukto
(Mineral Survey Chosen, Bull., v. 3, no. 3, p 52, 1927).

Kom-san hakutoite; Kwangji-bong, Ungp’yong-mydn, Kilchu-gun, Hamgydng-pukto
(Ibid., p. 52).

Chiing-bong moonstone rhyolite; Kwangsok-ch’on, Hago-mydn, Myéngch’én-gun, Ham-
gyong-pukto (Ibid., p. 52). (See Table 10, no. 80).

Chak-pong comendite; Samp’o-bong, Sanggo-mydn, Mydngch’én-gun, Hamgydng-pukto
(Ibid., p. 52). (See Table 10, no. 83).

Quartz trachyte; Saengyang-ni, Chasd-mydn, Samsu-gun, Hamgyong-namdo (/bid., p. 52).
Obsidian; Séngmak-tong, Hago-mydn, Mydngch’dn-gun Hamgyong-pukto (Kozu, S., and
Seto, K., 1929, Abstract of paper from the 4th Pacific Sci. Cong. Java, v. 2, B, p. 1067).



Table 12. Chemical Composition of Neutral, Acid and Alkaline Rocks of Oki Islands.

No.

SiO,
AL O,
Fe, O,
FeO
MgO
CaO
Na,O
K,O
TiO,
P,O;
MnO
H,O0+
H,O—
Total

Anal.

|

'YokovaMa | TesHimMA  TEsHIMA | YOKOYAMA

Norms |

Q
G

or
ab
an
ac
ns
wo
en
s
mi
hm
il
ap

or
ab

an

Q
So
Ja

85

64.51
14.18
3.42
2.81
0.21
1.49
4.37
575
0.59
0.05
0.03
2.48

99.89

14.28

33.92
36.68
2.22

2.21
0.50
1.45
4.87

1.06

86

65.37

15.63
3.03
1.48
0.03
1.59
3.98
6.47
0.35

tr.
0.11
0.94
0.62
99.60

14.22

87 88 89 90 91 92 93 94 | 95 96
66.55 = 67.51 | 69.11 * 70.57 | 7132 | 71.87 71.77 71.94 | 72.21 ' 72,73
17.27 13.69 15.53 15.15 13.16 14.72 13.28 14.27 11.20 L 957

1.16 1.68 0.70 1.87 . 0.83 1.08 1.23 1.78 | 225 3.86

0.13 2.83 2.48 0.16 | 2.79 1.38 1.57 0.94 ‘ 2.66 3.24
none 0.18 0.07 0.16 . 0.04 0.36 tr. 0.05 0.08 0.26

0.69 0.61 1.20 0.50 | 023 1.36 0.45 0.12 027 0.07

6.62 4.65 4.08 4.48 4.23 3.74 4.60 4.69 i 4.29 4.71

5.74 5.45 543 6.04 L 494 5.69 5.17 537 | 4.8l 4.37

0.89 0.53 0.46 0.40 L 0.24 0.04 0.22 029 | 0.44 0.24

0.35 0.05 tr. 0.09 | 0.05 0.12 0.75 0.08 = 0.10 none

tr. 0.01 0.05 | tr. | 0.09 0.06 0.03 tr. 0.10 0.13
0.31 2,77 1.10 0.97 | 131 0.33 0.25 029 || 145 0.16
0.61 0.22 | 043 0.10 0.24 0.40 i 0.12
100.32 = 99.96 1100.43 1100.39 | 99.76 100.35 = 99.56  100.22 99.86 | 99.46
‘TEsmMAjYOK()YAMA%TEsmMAi Expo | Tesumma  TesmiMa YOKOYAMA‘TEsmMAi'I‘EsmMA
| | | | |

6.42 17.52 | 20,70 = 20.64 22.02 | 24.00 | 2412 @ 24.00  28.62 31.62
0.20 —_ L 0.82 0.71 0.82 0.20 —_— 0.71 | — —
33.92 | 32.25 | 31.69 35.58 28.91 33.92 30.58 | 31.69 | 28.36 26.13
55.54¢ | 39.30 | 34.58 = 37.73 35.63 3144 = 38.77 | 39.82  30.92 26.72

—_ 0.28 | 584  1.67 0.28 5.84 0.28 — — —
— — ; — — — — — — | 4.16 11.09
—- _ —_ —_ — — — —_ —_ 0.12
—_ 0.81 f —_ —_ — == 0.81 — | 023 ==
— 0.50 | 0.20 0.40 0.10 0.90 — | 010 | 020 0.70
tn 0.59 | 2.77 . 3.30 | — 4.22 1.72 092 | — | 4.09 5.68
ru 048 | 2.55 - 093 —_ 1.16 1.62 1.86 209 | 116 —

1.12 —_— — 1.76 —_ -— — 0.16 | — —

0.30 1.06 091 | 0.30 0.46 — | 046 061 | 091 0.46

1.01 0.34 | — | ru0.24 0.34 03¢ 081 | 202 034 —

| | ap 0.34 | |

37 | 45 44 48 45 48 4 |4 | 48 50
62 | 55 48 50 55 44 56 56 52 50

1 0 8 2 0 8 0 \ 0 0 0

100 | 88 89 99 - 87 93 |96 100 93 88
0 [ 2 1 1 0 2 0 0 0 Col
0 | 10 10 0 13 5 | 4 0 7 1
) |
85. Olivine-bearing soda diopside-anorthoclase trachyte; Utagitoge, Chijomura, Dégo (Kozu,

86.

87.

|

S., 1913, Sci. Rep. Tohoku Imp. Univ., 2nd ser., v. 1, p. 45).

Soda diopside-bearing anorthoclase trachyte; west of Kaminishi, Chtjémura, Dogo (Tomita,
T., 1935, Jour. Shanghai Sci. Inst., sect. 2, v. 1, p. 254).

Groundmass of anorthoclase trachyte; Inushimazaki, Tégomura, Dégo (Tomita, T., bid.,
p. 256).

. Less quartzose comendite; Nakamura, Dégo (Kézu, S., loc. cit., p. 39).
. Soda diopside-bearing anorthoclase hyalotrachyte; Uzumoriyama, Isomura, Dogo (Tomita,

T., ibid., p. 258).

. Platy anorthoclase liparite; Terayama, Saigomachi, Dégo (Kézu, S., loc. cit., p. 42).
. Anorthoclase felsite; Tonomejima, Ohisa, Dégo (Tomita, T., 1936, Jour. Shanghai Sci. Inst.

sect. 2, v. 2, p. 120).

. Obsidian; Dogo.

. Anorthoclase felsite; Nishida, Isomura, Dogo (Tomita, T., 1936, p. 120).

. Anorthoclase liparite; Tonomejima, Ohisa, Tégémura, Dogo (Tomita, T., 1936, p. 120).
. Anorthoclase-quartz liparite (comenditic) ; Higashitani, Motoya, Nakamura, Dégo (Kézu, S.,

1913, Jour. Geol., v. 21, p. 66; Kozu, S., p. 37).

. Non-porphyritic-alkali liparite (comenditic); northwest of Takagamine, Dogo (Tomita, T.,

1936, p. 260).

. Anorthoclase-quartz liparite (comenditic) ; Maokudani, Nakamura, Dégo (Tomita, T., 1935,

p. 260).

. Aegirite-alkali hornblende-anorthoclase-quartz liparite; Okukitadani, Choshi, Chajomura,

|

|
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1 73.14

12.28
1.91
2.20
0.04
0.19
4.67
4.34
0.40

tr.
0.08
0.19
0.17
99.61

(o) REH]

o |
cowv | ©oO=Q

98

73.39
11.37
2.10
2,97
none
0.23
4.26
4,19
0.45
0.27
0.11
| 0.75
[ 0.11
100.20

99

73.39
14.57
0.27
0.31
none
0.55
5.66
4.38
0.25
0.09
none
0.22
0.16
99.85

TeEsHMA | TESHIMA J

J

100

73.71
10.17
1.30
1.08
tr.
0.23
4.2
4.56
0.10
none
0.03
3.62
0.46

| 99.53

101

73.90
13.88
0.50
0.27
tr,
0.47
4.04
5.63
0.58
tr.
none
0.32
0.29
99.88

L1102

74.53
12.84
0.45
1.76
0.05
0.39
3.71
5.44
0.15
tr.
0.06
0.16
0.02
99.56

TesHiMA TEsHIMA TESHIMA

103

67.82
11.94
2.26
2.38
0.04
0.21
5.03
4.85
0.19
tr.
0.11
4.17
0.81
99.81

TEsaMA | TESHIMA

104

| 69.90

15.14
2.35
1.08

tr.
1.20
2.75
4.81
0.22
.
0.03
0.77
1.61
99.86

105
[ 70.43
1 11.90
3.89
1.76
0.17
0.19
3.51
4.81
0.36
0.03
| 021
| 1.22
| 1.66
100.14

106

. 70.90

10.42
2.56
3.77
0.09
0.17
3.93
4.72
0.23
0.02
0.11
1.18

1.74

99.84

107

73.80
9.91
2.35
3.60
0.09
0.07
4.43
4.38
0.28
0.18
0.12
0.33
0.15

99.69

| | | |
3108 | 2298 3414 | 2796 | 2085 | 2064 | 3282 3096 2844 | 31.92
— | — | — 103 | — | —| 316 06l —_ | -
2502 2613 | 27.24 | 3336 | 3225 | 2891 | 28.36  28.36  27.80 | 26.13
35.11 | 47.68 2672 | 34.06 3144 | 3406 | 2358 29.87  27.25 | 26.20
— | 139 — | 222 | 19 | — | 58 083 — —
0.92 — | 8712 | — 1| — | 647 —_ — 508 693
- — | 12 | — | — | 024 — — — 085
0.23 046 | — | — | 046 — — 0.35 —
— — — | — ] o010 | 0.0 — 040 020 = 020
3.30 — 18 | — | 277 | 278 — — 621 | 620
255  0.23 — | =1 00 — | 278 510  L16 |  —
— 016 — 048 — | — | 048 032 - | —=
091 046 0.5 | 061 | 030 = 046 | 046 076 = 046 | 061
040  0.34 — |m032| — - — — - -
9 | 3% 50 | 48 49 1 6 |49 48 51 50
58 63 50 49 48 | 54 41 51 49 50
0o | 2 0o | 3 3.0 10 10 0
92 100 92 100 93 91 100 99 86 | 87
0 0 0 0o 0 0 0 1 0o 0
8 0 8 | 0 7 9 0 0 14|13

Dégo (Tomita, T., 1936, p. 122)

99. Anorthoclase felsite; Kamo, Isomura, Dégo (Tomita, T., 1935, p. 260).

100. Alkaline liparite-perlite; between Yamada and Hisami, Gokamura, Dogo (Tomita, T.,
1936, p. 120).

101. Anorthoclase felsite; shore opposite Nishida, Isomura, Dogo (Tomita, T., 1935, p. 260)

102. Anorthoclase liparite-obsidian; south of Hisami, Gokamura, Dogo (Tomita, T, 1935, p. 260).

103. Biotite-bearing anorthoclase-quartz hyalophyre; Minamitani, Ushiki, Fusemura, Dégo
(Tomita, T., 1936, p. 123).

104. Biotite-bearing anorthoclase-quartz porphyry; Minamitani, Ushiki, Fusemura, Dago
(Tomita, T., 1936, p. 123).

105. Soda sanidine-bearing quartz prophyry (grorudite) ; Maokudani, Nakamura, Dogo (Tomita,
T., 1935, p. 258).

106. Blue hornblende-bearing anorthoclase hyalo-quartz porphyry (paisanite); Maokudani,
Nakamura, Dogo (Tomita, T., 1935, p. 258).

107. Blue hornblende-anorthoclase-quartz porphyry; Maokudani, Ohisa, Togémura, Dogo
(Tomita, T., 1936, p. 123).

108. Anorthoclase-phonolitic trachyte porphyry (tinguaite-porphyry) ; Tokageiwa, ssw of Kazuo-
yama, Dogo (Tomita, T., 1935, p. 252).

109. Hornblende-bearing andesine-anorthoclase trachyte; Mimiura, Dozen (Koézu, S., 1913,
Sci. Rep. Tohoku Imp. Univ., 2nd ser., v. 1, p. 48).

110. Olivine-bearing oligoclase-anorthoclase glassy trachyte; Takuhisan, Dézen (Kézu, S., ibid.,
p. 47).

108

| 61.15

19.24
1.96
2.38

tr.
1.08
7.21
4.93
0.28
tr.
0.17
1.01
0.22
99.63

Tanaxka  TANAKA Tesaima TesHIMA

109

57.14
18.05
2.80
2,59
1.42
4.03
5.27
4.71
1.82
0.59
1
2.06

100.48

YokovyamMa YOKOYAMA

0.30

| 27.80

44.54
11.68

1.86
3.70

3.02
0.80
3.50
1.34

| 33

53
14

- 35

65

0

110

| 62.88

17.47
1.17
2.94
0.73
2.17
4.55
5.80
0.91
0.31
tr.
1.55

100.48

7.44

| 34.47
| 38.25
- 10.29

71
10
19



VOLCANIC GEOLOGY OF THE CENOZOIC 189

Table 13. Chemical Composition of Neutral and alkaline Rocks of
Matsushima and Cheju-do.

No. | mi | a2 Lous | 4 | 115 ‘ 116 wz | ous |9 | 120 121
1t 1 1

SiO, 6236 | 6374 | 6461 6462 | 5428 | 5487 | 56.19 56.34 59.51 60.65 61.36
ALO, 17.95 1428 | 17.53 1790 | 17.82 | 1791 | 1612 | 1743 | 1852 18.20 18.12
FeOy | 155 | 301 | 146 186 | 266 468 | 244 352 | 284 4.00 2.08
FeO 262 | 362 | 148 184 | 695 351 550 | 646 |  2.68 0.62 2.14
MgO 072 | 190 tr. 016 | 157 121 3.07 0.84 0.78 0.86 0.06
Ca0 | 275 | 220 4.22 231 | 649 7.38 763 380 | 419 6.81 3.21
Na,O | 560 | 479 | 533 5.19 3.91 458 | 439 | 510 5.02 4.54 6.08
KO | 416 | 450 495 525 | 340 | 320 | 230 | 3.3 3.16 3.08 4.95
TiO, 066 |  1.07 0.43 0.27 123 | 133 214 | 094 1.13 0.44 0.37
P,04 029 | 016 ;, nd 002 | 029 | L2 055 1.24 0.14 0.98 0.23
MnO 048 | o017 | 019 008 | 018 | nd | 030 | 025 0.22 nd. 0.12
H,0+ 087 | 003 | 026 0.18 037 | 077 0.47 1.02 1.37 0.21 1.75
H,0— ] 025 | 012 0.14 | : ! ] 0.12 l

CO, n.d. | tr. nd. | nd. | n.d. nd. | n.d. nd. nd. n.d. nd.
S n.d. 0.06 | nd. | nd. SO, 0.09 n.d. nd. | nd. [SO,0.10 n.d. n.d.
Total | 10001 | 9988 | 100.58 | 9982 | 9924 | 10046 | 10110 | 100.29 99.66 | 100.51 | 100.47
Anal. | TAKAYANAGI ! ? | Seto ‘HARAGUCHI HaracucHrHArAGucHi HARAGUCHT HARAGUCHIHARAGUCHI|  SETO  |HARAGUCHT
“Norms | | | |

Q 6.48 11.10 798 | 882 | 114 3.48 396 | 444 8.10 10.98 1.38
G —_ — — — — —_ — 1.33 — — —
of 24.46 ’ 2669 | 29.47 31.14 20.02 18.90 13.34 | 19.46 18.90 18.35 29.47
ab 47.16 | 4035 | 4454 44.01 33.01 38.77 37.20 42,97 42,44 38.25 51.35
= 1168 | 417 . 945 | 973 21.13 18.63 1751 11.40 18.35 20.02 6.95
2o — 0 244 | 476 | 070 3.83 487 6.96 — 0.70 3.01 3.37
o 180 | 480 | — | 040 3.90 3.00 7.70 2.10 2.00 2.20 0.20
fi 330 | 251 | 132 | 132 8.97 0.40 5.02 7.92 1.19 — 1.72
mt 2.32 441 | 209 | 278 3 6.73 3.48 5.10 4.18 0.70 3.02
hm — — — — — — — — — 3.52 —
il 122 213 | 076 061 | 228 2.58 4.10 1.82 2.13 0.76 0.76
o 067 | 034 | i = 0.67 2.35 1.34 269 0.34 2.35 0.3¢
- il |

o 29 37 | 3 | 27 25 19 2 2 24 34
ab 57 57 | 54 | 52 45 51 55 58 53 50 59
an 14 6 ’: noo I 28 2 26 16 23 26 7
2 67 71 “ 89 | 8 | 31 | 6 45 48 80 88 80
fo 11 18 o | 2 20 30 32 10 12 12 2
fa 22 T A T U 9 s 23 42 8 0 18
111. Olivine-bearing soda diopside-anorthoclase trachyte; Matsushima, Hizen (Kozu, S., 1911,

112,

113.

114.

115,
116.

117.
118.
119.

120.
121.

Jour. Geol., v. 19, p. 559).

Olivine-bearing soda diopside-anorthoclase trachyte;Matsushima, Hizen (Otsuki, Y., 1910,
Explanatory text of the geological map of Iki, p. 28).

Fayalite-soda diopsidic aegirinaugite-anorthoclase trachyte;west wall of the crater, Halla-
san, Cheju-do (Koézu, S., and Seto, K., 1929, Abstract of Paper from the 4th Pacific Sci.
Cong. Java, v. 2, B, p. 1067).

Ditto; same locality as above (Haraguchi, K., 1931, Bull. Geol. Surv. Chosen, v. 10, part 1,
p. 10).

Seikiho trachyandesite; Sdgwip’o, U-mydn, Cheju-do (Haraguchi, K., ibid., p. 10).
Hornblende-bearing trachyandesite; Tondo-ak, Taejong-my6n, Cheju-do (Haraguchi, K.,
ibid., p. 10).

Ditto; Pydlto-bong, Cheju-mydn, Cheju-do (Haraguchi, K., ibid., p. 10)

Kaianri (Haeal-li) trachyandesite; Cheju-do (Haraguchi, K., ibid., p. 10).

Sambésan (Sanbang-san) trachyandesite; Pong-san, Chung-my6n, Cheju-do (Haraguchi,
K., ibid., p. 10).

Oligoclase andesite; same locality as above (Kozu, S., and Seto, K., 1929 p. 1067).
Aegirinaugite-bearing trachyte; Sam-do, Cheju-do (Haraguchi, K., 1931 p. 10)
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Table 14. Chemical Composition of Bj.

No. | 122 | 123 | 124 | 125 126 | 127 128 | 129 130 131 182133 134
Sio, | 4752 | 47.63 | 49.05 | 4422 | 4546 | 4575 | 47.54 4801 4842  49.03 4929 5219 | 52.39
ALO, | 1567 | 1665 | 1435 | 1614 1504  17.15 1534 | 1859 1143 1443 1849 19.74 | 1562
Fe,0, | 781 | 416 | 302 | 701 | 317 306 | 38¢ 682 342 129 238 472 150
FeO 447 | 883 | 1057 | 513 | 639 | 727 | 698 | 607 867  9.40 677 = 628 . 806
MgO | 378 | 489 | 425 | 546 858 313 . 528 | 526 = 860 1193 609 224 692
CaO 818 | 738 | 866 968 1055 730 1179 = 848 1164 728 8.14 699 868
Na,O | 417 | 359 | 323 28 38 60+ 316 259 331 314 393 348 343
,0 222 | 195 | 140 141 . 138 146 | LI5 18 072 = 1.24 179 204 079
Ti0, | 416 | 319 | 319 | 380 = 317. 321 253 = 048 | 264 L7l 222 nd. 147
P,O, 076 | 057 | 057 | 090 = 1.08 169 063 | 033 | 036 044 .  nd. 033
MnO | 021 | 021 | 027 | 030 | 016 018 017 = 012 021 tr. 022 006 = 013
H,O+ | 068 | 040 & 03¢ | 009 | 074 L4 103 147 | 054 .. new | fgs | 022
H,0— | 030 | 026 ' 020 258 016 169 071 | 060 , 044 g : : 0.24
CO, n.d. 0.23 0.73 i nd. | nd. n.d. nd. | nd. nd. n.d. n.d. n.d. n.d.
Total | 99.93 | 99.94 | 99.83 | 99.56 | 99.69  99.37 100.15 | 100.68 '100.40 100.62 10020 = 98.99 ' 99.78
Anal Raourt i MURATA‘; MURATA| TesHiMA | TEsiMa TESHIMA TF.SHIMAj Expd "TESHIMA Yokovama Suciura  Ono YAMAGUCHT
Norms | | 1 o ] R R
Q — | =] 042 — — - — 234 - —~ — 306 -
or 1279 | 1168 | 834 = 834  83¢ 890 723 112 380  7.23 1056 | 1112 | 500
ab 3301 | 3039 | 2725 | 24.10 | 17.82 3249 | 1991 2201 2541  26.72 27.77 | 29.3¢ | 28.82
an 1779 | 2363 | 2057 | 2697 1974 1557 2391 3336 1446 2041 | 27.52 | 3225 | 24.74
ne 1.14 — . — I — 767 , 994 | 369 — . 128 2.84 —
wo 7.19 | 394 | 789 | 650 | 1056 = 394 . 1299 290 1693 = 4.99 534 | 1.04 684
o 620 | 260 | 1060 | 10.50 | 800 « 220 . 840 880 1110 540 340 560 | 1620
f — | 198 | 1214 | — | 145 | 158 @ 370 © 475 = 462 = 237 158 7.92 | 10.82
fo 231 | 1.26 — | 22¢ | 945 | 392 ' 336 — 728  17.08 8.26 — | 077
fa — | 092 — j — | 20¢ | 337 163 — . 347 | 857 4.28 - 051
mt 302 | 603 | 441 | 626 | 464 441 = 557 998 487 186 348 673 2.09
hm 576 | — — | 2% — — i = = = {| e
il 790 | 608 | 608 | 730 608 608 471 = 091 502 319 4.26 s 1 274
ap 202 | 134 | L3¢ | 202 | 403 134 . 067 101 | 101 — — | 067
= it N F— L ! e '
or 20 18 15 |14 18 |16 13 |17 9 13 | 16 5 9
ab 52 46 48 | 41 | 40 57 44 33 58 | 48 42 40 49
an 28 36 37 | 45 42 \ 27 43 | 50 33 39 | 42 45| 42
N - | i - . | N |
Q 22 18 2 |25 |13 |10 |20 38 | 14 7 8 39 |2
fo 78 6 33 |75 |72 57 | 54 39 71 62 |61 24 |43
Ja 0 36 4 | 0 |15 |33 2 |23 |15 31 | 31 37 | 3l
122. Olivine-labradorite-bearing trachybasalt; Mutu-bong (about 16 km Ese of P’aektu-san)
(Lacroix, A., 1928, Bull. Geol. Soc. China. v. 7, p. 58).
123. Trachybasalt; Andugal parasitic volcano, Paektu-san (Ogura, T., 1951, Chemical composition
of the igneous rocks of Manchuria, in Geology and Mineral Resources of the Far East).
124. Olivine-oligoclase basalt; Taeyonji-bong, P’aektu-san (Ogura, T., ibid.).
125. Olivine-labradorite basalt; Noridabana, Nakamura, Dégo, Oki Island (Tomita, T., 1935,
Jour. Shanghai Sci. Inst., sect 2, v. 1, p. 240).
126. Augite-bearing titanaugite-olivine basalt; Suzumejima, Nakamura, Dégo, (Tomita, T.,
bid., p. 242).
127. Groundmass of olivine-labradonite-augite-bearing kaersutite basalt; Chikaishi, Chijémura,
Dogo (Tomita, T., ibid., p 242).
128. Olivine-titanaugite-labradorite trachybasalt; se foothill of Taihésan, Dégo (Tomita, T.,
ibid., p. 242).
129. Labradorite-bearing olivine-biotite trachybasalt; Mutsurejima, Nagato (Koézu, S., Yoshi-
moto, B., 1929, Japanese Assoc. Mineralogists, Petrologists, and Economic Geologists, Jour., v. 1,
p. 159).
130. Augite-labradorite-olivine trachybasalt; top of Taihosan, Dogo (Tomita, T., loc. cit., p. 244).
131. Hypersthene-bearing olivine trachybasalt; Shimomotoya, Nakamura, Dégo (Kozu, S., 1913,
Sci. Rep. Tohoku Imp. Univ., 2nd ser., v. 1, p. 51).
132. Olivine trachybasalt; Tajima Gembudo (H. S. Washington, 1917, U.S.G.S. Prof. Paper,
no. 99, p. 513).
133. Trachybasalt; Mawatarijima, Hizen (Kozu, S., 1911, jour. Geol., v. 19, p. 574).
134. Quartz-basalt excluding quartz xenocrysts; Daidonjima, Izumo (Sakai, S., 1929, Geol. Soc.

Japan Jour., v. 46, p. 275).
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Table 15. Chemical Composition of Volcanic Rocks of Ullang-do.

No 135 | 136 137 158 139 | 140 1 141 | 142 143 144
Sio, | 47.82 | 52.75 56.57 5761 | 5791 | 5911 | 60.63 61.52 61.65 62.30
ALO, | 17.57 16.61 19.21 18.70 | 18.22 ! 19.02 18.80 18.48 18.15 17.89
Fe,0, = 3.06 298 | 1.90 351 | 190 | 182 1.01 2.65 1.77 1.13
FeO 6.22 4.22 331 | 177 320 | 268 | 396 | 149 2.40 2.38
MgO 3.20 281 | 137 | 105 | 101 | 105 0.15 0.58 0.11 0.15
CaO 8.28 5.11 357 | 266 | 358 | 2.5l 1.11 1.32 1.23 1.26
Na,O = 362 | 538 | 58 | 645 | 498 | 583 7.67 6.70 5.30 8.06
K,O 3.47 4.58 6.06 i 5.77 | 6.69 | 5.69 5.60 6.14 5.67 541
TiO, 3.35 1.83 142 | 118 | 065 | 083 0.66 | 0.56 0.59 0.49
P,0, 093 | 049 036 | 035 | 048 | 0.8 0.07 | 0.03 0.29 0.20
MnO | 015 | 0.10 010 | 007 | 027 0.14 002 | 017 1.45 0.21
H,O0+ 159 | 289 | 015 | 04l 0.82 0.94 0.14 0.64 0.68 0.30
H,O— 08 | 063 | 0.5 0.11 0.38 0.43 0.30 0.35 0.59 0.29
70, | nd. | nd. | nd n.d. 0.07 n.d. n.d. nd. 0.04 n.d.
Total |100.11 1100.38 99.97 99.64 100.16 1100.23 100.12 100.63 99.92 100.07
Anal HARUMOTO"HARUMOTO Harumoro |Harumoto| Omasur | Usnyima |Harumoro| UsHiiMa | Omasir Ovama
Norms - - (I
Q - | = - — - — - — 5.10 =
G - - — —_ s — - - 1.8¢ —_
or 20.57 27.24 35.58 33.92 39.48 33.92 33.36 36.14 33.92 31.69
ab 23.58 30.92 36.15 40.35 33.54 44,01 46.63 49.78 44.54 49.78
an 21.41 7.51 83¢ | 500 | 723 8.62 — 2.22 3.89 —
ne 3.69 7.95 7.10 7.67 4.83 2.84 9.94 3.69 — 6.53
ac w— o~ —_ — — — — — — 3.23
ns — — — — — — - — — 0.61
wo 5.92 5.92 0.70 2.20 244 1.28 1.97 1.74 — 2.20
en 4.20 | 410 0.40 1.90 1.00 0.90 0.20 1.00 0.30 0.20
fs 119 | 132 0.26 — 1.45 0.26 1.98 — 4.75 2.24
fo 2.66 2.03 2.10 049 | 1.05 1.73 0.14 — - 0.14
fa 0.82 0.71 1.63 il 1.73 0.21 2.65 — - 1.33
mt 4.41 4.41 278 | 255 2.78 . 2.55 1.39 3.94 2.55 —
hm — — o 1.76 — s — 0.16 — —

il 6.38 3.50 2.74 2.28 1.12 1.52 1.22 1.06 1.06 0.91

ap 0.96 1.34 1.01 1.01 1.68 0.34 0.34 — 0.67 0.34

or 31 42 45 43 49 39 42 46 41 39

ab 36 47 45 51 42 51 58 51 54 61

an 33 11 10 6 9 10 0 3 5 0

Q 20 19 4 19 12 12 10 30 62 17

Jo 70 60 56 81 33 69 6 70 2 10

Ja 10 21 40 0 57 19 84 0 36 73

135. Trachybasalt; To-dong, Nam-myén, Ulling-do (Harumoto, A., 1934, Geol. Soc. Japan Jour.,
v. 41, p. 354).

136. Trachybasalt; Sodal-lydng, S8-mydn, Ulling-do (Harumoto, A., ibid.)

137. Trachyandestic vicoite; north side of Nan-bong, Ulliing-do (Harumoto, A., ibid).

138. Hornblende trachyandesite; Sokp’o-dong, Chugam, Pung-mydn, Ullung-do (Harumoto,
A., tbid.)

139. Vulsinitic vicoite; Nan-bong, Ulling-do (Tsuboi, S., 1920, Geol, Soc. Japan Jour., v. 27,
p- 469).

140. Aegirinaugite-biotite trachyte; river bed, southwest of Séngin-bong, Nam-mydn, Ullung-do
(Harumoto, A., 1934).

141. Aenigmatite-aegirinaugite trachyte; Chatae, S6-myong, Ullung-do (Harumoto, A., 1934).

142. Aegirinaugite trachyte; Haengnam, Nam-mydn, Ulliing-do (Harumoto, A., 1934).

143. Aegirinaugite phonolite (nepheline-tinguaite); SW foot-hill of Kwanmo-bong, Ullung-do
(Tsuboi, S., 1920 p. 468).

144. Phonolite; north side of Ch’o-bong, Ulliing-do (Harumoto, A., 1934).
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Table 16. Chemical Composition of B,.

|
No. 145 146 147

SiO, 49.94 | 50.89 5208
AL O, 16.33 17.28 17.81
Fe,O4 2.32 1.75 1.53
FeO 7.63 7.34 ‘ 8.30
MgO 4.80 4.88 7.01
CaO 9.82 11.56 8.08
Na,O 1.44 2.77 3.16
K,O 3.51 0.71 0.74
TiO, 3.95 1.95 1.09
P,O4 none 0.23 —
MnO 0.02 0.81 ‘ 0.15
H,0+ none 0.10 0.22
H,0— 0.18 0.29 e
Cl tr. tr. n.d.
Total 99.94 100.56 100.17
Anal. SETO SETO | Mizuma
Norms ‘

Q 2.10 | 0.96 —
or 20.57 ' 3.89 4.45
ab 12.05 23.58 26.72
an 27.80 32.80 32,25
wo 8.70 9.86 3.25
en 12.00 12.20 15.50
S 5.55 10.17 11.09
o — 1 = 1.40
Ya i » e 1.02
mt 3.25 2.55 2.09
il 7.60 3 3.80 2.13
ap — ‘w 0.34 —
or 34 7 |7

ab 20 39 | 42

an 46 54 1 51

Q 28 30 25
Sfo 48 36 42
fa 24 34 33

145. Olivine basalt; Pangsong-ni, Ch’angdo-my6n, Kimhwa-gun, Kangwén-do, Korea (Koézu,
S., and Seto, K., 1929, Abstract of Paper from the 4th Pacific Sci. Cong. Java, v. 2, B, p. 1067)

146. Potashandesine-olivine basalt (Ytutoku basalt) ; Mokchin-dong, Sanggo-my6n, Mydngch’6n-
gun, Hamgydng-pukto, Korea (Koézu, S., and Seto, K., ibid.).

147. Olivine basalt; Sangnong-ni, Suha-mydn, Tanch’6n-gun, Hamgydng-namdo, Korea
(Kinozaki, Y., 1938, Geol. Atlas of Chosen, no. 19).



Table 17. Chemical Composition of Wu-ta-lien-chih and Erh-k’o-shan Lavas.
No. 148 149 150 151 152 153 154 155 156 157 158 159 | 160 16l 162 163 | 164 165 | 166 167 | 168 169

. S |— b ! — | . 3 S——
SiO, 50.54 51.68 53.46 47.15 47.28 48.14 49.92 51.12 51.38 51.62 52.52 53.06 53.20 47.96 48.82 52.68 52.94 49.20 50.81 50.58 51.12 51.26
AL O, 14.50 15.07 14.66 14.27 13.45 13.91 14.16 12.99 14.54 14.24 14.25 14.58 14.16 13.24 14.06 14.38 14.69 14.08 14.71 14.14 13.76 14.66
Fe,O, 2,31 2.95 1.78 9.32 7.00 9.10 7.90 4.36 8.06 2.07 2.70 7.50 3.00 2.93 0.48 1.43 0.89 1.52 2.36 4.48 1.28 7.84
FeO 6.96 5.74 5.89 1.44 3.43 2.00 1.42 5.39 0.85 6.44 5.15 3.14 6.97 7.87 8.47 7.76 8.05 6.89 6.20 4.61 6.70 1.30
MgO 7.41 5.90 6.16 7.78 8.44 8.86 7.43 6.01 6.34 6.36 6.76 4.27 6.62 7.48 7.56 6.38 6.08 8.26 743 6.68 6.95 4.21
CaO 7.01 5.20 5.92 8.32 7.72 7.22 6.61 5.84 6.16 5.88 6.16 4.76 5.05 8.02 7.35 5.82 6.01 7.75 6.65 5.74 6.44 6.27
Na,O 3.57 4.26 5.38 3.25 4.56 3.31 3.23 3.24 3.72 4.89 3.35 4.19 2.60 3.79 4.22 3.36 335 4.18 3.56 4.08 4.22 4.54
K,O 4.28 5.14 5.20 4.56 4.22 2.93 4,48 5.67 4.67 4.40 4.24 4.57 3.88 4.89 4.70 5.43 5.19 4.30 5.21 4.81 5.61 5.27
TiO, 2.05 2.50 Lol 2.46 2.30 2.40 2.25 2.70 2.20 2.28 2.35 2.25 2.27 2.83 2.80 1.88 2.00 2.50 2.19 2.56 2.45 2.42
P,O, 1.06 1.21 0.92 1.07 0.75 1.01 1.20 0.98 1.13 0.82 0.74 0.90 1.25 1.03 1.12 1.10 1.01 1.05 1.06 1.04 1.06 1.14
MnO 0.15 0.08 0.01 0.18 0.08 0.09 0.14 0.06 0.07 0.10 0.07 0.08 0.14 0.02 0.14 0.15 0.15 0.12 0.14 0.10 0.12 0.08
H,O+ 0.69 0.40 0.27 0.79 0.77 0.83 0.98 1.02 0.64 0.73 1.54 0.69 0.50 0.37 0.13 0.11 0.32 0.11 0.29 1.16 0.39 1.03
H,O— 0.13 0.10 0.34 0.17 0.16 0.16 0.14 0.19 0.38 0.21 0.18 0.05 0.07 0.07 0.10 0.10 0.61
Total 100.53 100.26 100.47 100.59 100.34 99.97 99.88 99.54 99.93 100.02 100.21 100.20 99.82 100.01 99.93 100.48 100.62 100.03 100.61 100.08 100.20 100.18
Anal. | MuraTA GEeOL. SUR. SAWATARI MURATA  GEOL. SUR. GEOL. SUR. GEOL. SUR. GEoL. Sur. Geor. Sur. GEOL. SUR. GEOL. SUR. GeoL. SUr. GEOL. SUuR. Sawatarl Geor. SUR. Murata  Murata Geor. SuR. Murata GEOL. SUR.“GEOI,. Sur. GEOL. SUR.

: S. M. Ry ' S.M.Ry | S. M. Ry | S. M. Ry
Norms
Q - —- — - — — - - - — — 3.30 - — — - — — — - -
or 25.58 30.02 30.58 26.69 25.02 17.24 26.69 33.36 27.24 26.13 25.02 27.24 22.80 28.91 27.80 31.69 30.02 25.58 30.58 28.36 33.36 31.14
ab 21.48 25.94 27.97 12.84 22.01 17.03 24.10 23.06 28.82 24.10 28.30 35.63 22.01 7.34 6.81 23.58 23.06 12.58 16.77 20.70 14.15 24.89
an 10.84 6.95 10.01 10.84 3.61 14.46 10.84 4.17 9.17 3.61 11.40 7.23 15.57 4.45 5.56 8.34 10.01 6.95 11.68 5.84 1.95 4,17
ne 4.54 5.54 v 8.09 9.09 5.82 1.70 227 1.42 9.37 — —_ — 13.35 15.62 2.56 2.84 12.21 7.10 7.52 11.64 7.24
wo 6.84 4.76 5.68 8.58 3.48 6.15 5.22 7.66 4.06 8.35 6.15 4.52 0.46 12.06 9.74 5.45 5.68 10.09 5.80 9.16 9.28 6.84
en 4.50 3.40 4.30 7.40 3.00 22.20 4.50 6.00 3.50 5.50 8.30 7.50 16.60 8.00 5.90 3.20 3.00 6.80 4.00 7.70 6.00 5.90
I 1.85 0.92 1.32 - - - — 0.79 - 2.24 1.72 — 6.86 3.17 3.30 1.98 2.51 2.51 1.32 0.26 2.64 —
Jo 9.80 7.98 7.77 8.40 12.67 — 9.87 6.30 8.68 7.28 6.02 2.24 —- 7.49 9.10 8.96 8.54 9.43 10.22 6.30 7.98 3.22
Ja 4.69 2.45 2.75 — — — - 0.82 S 3.16 1.43 - — 3.26 5.81 6.32 6.53 3.98 3.57 0.31 7.34 -
mt 3.25 4.41 2.5b — 4.41 — - 6.50 - 3.02 3.94 3.71 4.41 4.18 0.70 2.09 1:59 2.09 3.48 6.50 1.86 —-
hm — - —- 9.28 4.00 9.12 7.84 — 8.16 — - 4.96 — - - - — — — - - 7.84
il 3.80 4.71 5.17 3.50 441 4.41 3.19 5.17 1.98 4.41 4.41 4.26 4.26 5,32 5.32 3.65 3.80 4.71 4.26 4.86 4.56 2.89
in - - — 157 - 0.20 1.57 — 2.94 - — — - - — — — — — — — 2.16
ap 2.69 2.69 2.02 2.69 1.68 2.35 2.69 2.35 2.69 2.02 1.68 2.02 3.02 2.35 269 ! 2.69 2.35 2.69 2.69 0.34 2.69 2.69
or 44 | a8 | 45 53 49 35 43 55 | 42 48 39 39 * 88 | 7l 69 | 50 48 | 57 52 | 52 67 | 52
ab § 37 L4l 40 25 44 35 39 ‘ 38 44 45 44 51 36 i 18 17 37 36 | 28 28 ; 38 | 29 |4l
an i 19 1 11 i 15 22 7 1 30 18 1 7 14 7 17 10 L 26 ‘ 11 14 13 | 16 ‘ 15 20 ' 10 ; 4 1 7
Q 6 9 10 14 6 ‘ 30 ! 9 15 \ 9 12 16 23 38 14 ' 10 7 1 11 11 8 ] 16 10 19
JSo 64 79 67 86 94 70 L9l 75 {91 61 68 77 36 60 55 | 55 50 63 68 80 51 81
fa 30 12 23 ‘ 0 0 0 | 0 10 i 0 27 16 0 .26 26 35 38 ’ 39 26 24 4 39 0
148. Olivine-anorthoclase banakite (plateau lava); Shih-to-fang-tzu, Wu-ta-lien-chih, Lung- chiang Province (Ogura, T., 1951, no. 98).

149.

150.

151.

chiang Province (Ogura, T., Matsuda, K., Nakagawa, T'., Matsumoto, M., and Murata, K.,

1936, Report on volcanoes in Manchuria, no. 1, p. 51: Ryojun Coll. Eng.).

Anorthoclase banakite (shield plateau lava); Wei-shan-lien (Ogura, T., 1951, Chemical

compuosition of the Manchurian igneous rocks, in Geology and Mineral Resources of the Far East,

no. 100).

Anorthoclase banakite (shield plateau lava); Sh’ih-t’ang, Lung-chiang Province (Ogura, T.,

and others, 1936, p. 52).

Leucite absarokite (older volcanic cone), light brown, vesicular, massive lava; Tung-lung-

men Shan, Lung-chiang Province (Ogura, T., and others, 1936, p. 55).

. Leucite-olivine banakite (older volcanic cone), light grayish brown, vesicular, massive
shield plateau lava; Mo-la-pu Shan, Lung-chiang Province (Ogura, T., 1951, no. 137).

. Leucite absarokite (older volcanic cone), reddish brown, vesicular, massive lava; Tung-chao-
te-pu Shan, Lung-chiang Province (Ogura, T., 1951, no. 127).

. Olivine absarokite (older volcanic cone), reddish brown, vesicular, massive lava; Pi-chia
Shan, Lung-chiang Province (Ogura, T., 1951, no. 113).

. Leucite absarokite (older volcanic cone), brownish gray minutely vesicular, massive lava;
Yao-chuan Shan, Lung-chiang Province (Ogura, T., 1951, no. 105)

. Leucite-olivine banakite (older volcanic cone), brownish, finely vesicular, massive lava;
Pei-ko-la-ch’iu Shan, Lung-chiang Province (Ogura, T., 1951, no. 102).

. Glassy banakite, (older volcanic cone), black scoriaceous ejecta; Wei-shan, Lung-chiang
Province (Ogura, T., 1951, no. 101).

. Glassy banakite (older volcanic cone), black scoriaceous ejecta; Lung-men Shan, Lung-

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

Trachyandesite (older volcanic cone), reddish brown vesicular massive lava; Hsi-chiao-te-pu
Shan, Lung-chiang Province (Ogura, T., 1951, no. 95).

Olivine trachybasalt (older volcanic cone), black porous scoriaceous ejecta; Wo-hu Shan,
Lung-chiang Province (Ogura, T., 1951, no. 94).

Leucite trachyte, spinal shihlunite flow; south of Lao-hei Shan, Lung-chiang Province
(Ogura, T., and others, 1936, p. 64).

Leucite trachyte, spinal shihlunite lava flow (the same type as no. 1817?); south of Lao-hei
Shan, Lung-chiang Province (Ogura, T, 1951, no. 120).

Shihlunite proper, shihlunite lava flow; northern foot-hill of Lao-hei Shan, Lung-chiang
Province (Ogura, T., and others, 1936, p. 63).

Shihlunite proper, Shihlunite flow; Shih-to-fang-tzu, Lung-chiang Province (Ogura, T.,
1936).

Shihlunite proper (younger volcanic cone), black vesicular massive lava flow; Huo-shao
Shan, Lung-chiang Province (Ogura, T., 1951, no. 116).

Shihlunite proper (younger volcanic cone), black vesicular massive lava flow; Lao-hei Shan,
Lung-chiang Province (Ogura, T., and others, 1936, p. 65).

Leucite shihlunite, black lava; crest of Tung Shan, Erh-k’o Shan, K’o-tung Hsien, Lung-
chiang Province (Ogura, T., and Matsumoto, M., 1938).

Leucite basanite (shield plateau lava); Ho-chia-t’un, Lung-chiang Province (Ogura, T.
and Matsumoto, M., 1938, p. 10).

Leucite basanite (Erh-k’o Shan lava); summit of Erh-k’o Shan, Lung-chiang Province
(Ogura, T. and Matsumoto, M., 1938, p. 11).
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Table 18. Chemical Composition of Ch’i-hsing Shan Lavas.

No. 170 171 1 172 ‘ 173 i 174 175 176 177
SiO, 40.86 42.23 4496 | 45.71 ‘ 45.96 46.20 ‘\ 47.49 48.31
ALO, 12.97 12.46 12.28 14.03 | 15.69 14.87 | 18.24 16.95
Fe,O4 4.87 2.89 2.24 2.01 0.53 1.61 | 3.15 1.22
FeO 9.85 10.93 11.47 11.01 10.76 10.69 7.13 8.99
MgO 9.98 ] 11.81 10.64 9.66 10.22 10.05 | 4.52 6.65
CaO 8.67 | 10.30 7.39 | 9.05 9.47 9.07 | 10.97 9.68
Na,O 4.56 } 3.91 3.95 3.17 271 | 2.91 3.66 3.69
K,O 1.60 | 1.73 1.33 2.12 1.70 1.62 2.03 2.10
TiO, 2.86 2.02 2.36 2.10 1.80 1.86 1.94 1.42
P,O; 0.89 ‘ 0.71 0.91 0.47 0.42 0.40 0.33 0.53
MnO | 0.17 0.19 0.20 0.16 0.14 0.21 | 0.20 0.19
H,O0+ 1.50 | 1.50 1.41 0.68 0.82 0.88 0.87 0.85
H,0— 0.96 t} 0.79
Total 99.74 ‘ 100.68 99.93 100.17 100.22 100.37 100.53 100.58
Anal. |GEeoL. SUR. SAwAYAMA |GEOL. SUR. SAWAYAMA | SAWAYAMA | SAWAYAMA | SAWAYAMA | SAWAYAMA

S.M. Ry | | S. M. Ry 1 ]
|

Norms } -
or 9.45 834 | 7.78 12.23 10.01 9.45 6.12 12.23
ab 6.81 = 20.96 11.53 12.31 15.72 25.15 18.86
an 10.29 11.68 | 11.95 17.79 25.58 22.80 30.02 2391
le — 131 1§ — — — — —_ —_
ne ‘ 17.04 17.89 6.82 8.24 5.82 4.83 3.12 6.53
wo 11.37 14.50 8.00 10.21 7.77 8.12 9.40 8.47
en 7.60 9.10 4.80 5.90 4.50 4.70 5.40 4.50
fs 2.90 4.49 2,77 3.83 2.90 3.04 3.56 3.70
fo 12.18 14.28 15.26 12.81 14.84 14.28 4.13 7.77
fa 5.10 7.96 8.98 8.87 10.61 9.79 3.16 7.55
mt 7.19 4.18 3.25 3.02 0.70 2.32 4.64 1.86
il 5.32 3.80 441 | 3.95 3.50 3.50 3.65 2.74
ap 2.02 1.68 2.02 | 1.01 | 1.01 1.01 0.67 1.34
or 35 2 | 19 2 21 | 19 10 22

ab 26 0 52 i 28 26 i 33 41 34
an 39 58 ! 29 43 53 ‘ 48 49 44
Q 11 7 | 6 | 8 | 6 7 15 9
Jo 63 53 | 59 i 54 55 | 55 49 47
fa 26 30 |35 38 | 39 I 38 36 44

170. Olivine trachybasalt; Po-po-t’u Shan, Ch’i-hsing Volcano (Ogura, T., Sawatari, M., and
Murayama, K., 1939, Report of volcanves in Manchuria. no. 30, p. 27: Ryojun Coll. Eng.).

171. Leucite basanite; Nao-po Shan, Ch’i-hsing Volcano (Ogura, T., and others, 1936 p. 29).

172. Olivine trachybasalt; Po-li Shan, Ch’i-hsing Volcano (Ogura, T., and others ibid., p. 25).

173. Olivine trachybasalt; Shih-t’ou Shan, Ch’i-hsing Volcano (Ogura, T., and others, ibid.,
p. 32).

174. Olivine trachydolerite; Hsiao-t’u-k’o-erh-t’sai Shan, Ch’i-hsing Volcano (Ogura, T., ibid.,
p- 30).

175. Olivine trachybasalt; Hsi-ha-la-pa Shan, Ch’i-hsing Volcano (Ogura, T., ibid., p. 25).

176. Olivine trachydolerite; Ta-t’u-k’o-erh-t’sai Shan, Ch’i-hsing Volcano (Ogura, T., ibid., p.
31).

177. Olivine trachybasalt; Tuhg-ha-la-pa Shan, Ch’i-hsing Volcano (Ogura, T., ibid., p. 24).
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Table 20. Chemical Composition of Holocene Lavas of Cheju-do.

| |

No. | 198 199 200 201 202 | 203 204
] 1
Si0, 43.41 ‘ 46.86 47.60 48.33 4961 | 50.02 | 51.50
Al O, 15.52 | 16.37 14.77  16.13 1520 | 15.08 | 15.45
Fe,O; | 3.99 | 6.01 2.78 4.60 6.81 | 6.42 | 1.82
FeO 8.15 | 6.04 8.58 7.39 6.66 | 7.11 | 8.17
MgO 6.78 | 4.25 4.64 | 4.13 5.04 | 5.08 | 4.93
CaO 10.77 6.81 12.76 10.67 6.37 | 6.40 | 9.19
Na,O 4.28 5.28 3.76 3.74 442 4.33 | 4.09
K,O 1.30 2.41 1.03 1.07 2.85 | 2.97 | 3.52
TiO, ‘ 2.58 2.96 1.78 2.31 2.12 | 2:25 | 1.89
P,O; 1.29 .71 | 1.40 1.46 n.d. nd. | n.d.
MnO ' 1.38 1.23 | 0.61 0.12 0.24 | 0.20 | none
H,O0+ | 0.46 | 1.01 | 0.45 0.56 0.40 | 0.64 0.04
H,O— | i] 1} } 0.06 !] nd. | 004
SO, ; 0.03 n.d. n.d. n.d. nd. | n.d.
Total C 9998 | 100.67 100.16 100.51 99.78 | 100.50 | 100.64
Anal. [HaracucuiHaracucHr Haracucni HaARAGUCHI  SETO iHARAcucmi SETO
| | J ! ! |
Norms l ! | : ‘
or 7.78 14.46 | 6.12 6.12 1668 | 17.79 20.57
ab 12.58 23.58 | 2279 | 2777 30.39 | 29.87 17.29
an 19.18 13.90 |+ 2029 | 2419 @ 1334 | 13.07 13.62
ne - 12,78 11.36 | 497 | 1.99 | 3.69 | 3.41 9.37
wo 10.79 3.60 | 1415 11.60 7.66 | 777 . 13.34
en 6.10 | 2.50 | 7.00 6.90 5.40 | 5.20 | 7.00
fs 4.22 | 0.79 | 6.86 4.09 1.58 | 1.98 | 5.94
Jo ‘ 7.56 | 5.67 | 3.22 2.38 | 4.18 | 525 | 3.71
Ja j 571 | 224 | 3.57 | 3.57 | 1.53 | 2.14 | 3.37
mt 3 5.80 8.82 | 4.18 6.73 | 9.98 | 9.28 | 2.55
il 3.04 | 5.17 | 3.34 441 | 3.95 | 3.95 3.65
ap ‘ 3.02 4.03 | 3.36 | 0.34 | il — —
or 20 28 13 11 28 29 40
ab 32 45 46 48 50 49 34
an ‘ 48 27 41 41 | 22 22 26
Q 12 8 18 20 5 | 14 17
Jo .50 66 39 48 65 61 43
Ja . 38 26 43 32 20 | 25 40

198. Basanitoid (Kiimnyong basalt) ; Kimnyong, Kucha-myon, Cheju-do, (Haraguchi, K., 1931,
Bull. Geol. Surv. Chésen, v. 10, part 1, p. 10).

199. Plagioclase-augite-olivine basalt; Cheju, Cheju-myén, Cheju-do (Haraguchi, K., ibid).

200. Microporphyritic plagioclase basalt; east wall of the crater of Halla-san, Cheju-do (Hara-
guchi, K., ibid.).

201. Augite basalt (Yongdam lava); Yongdam, Cheju-do (Haraguchi, K., ibid.).

202. Trachybasalt; S6-myon, Cheju-do (Kozu, S., and Seto, K., 1929, Abstract of paper from
the 4th Pacific Sci. Cong. Java, v. 2, B, p. 1067).

203. Olivine-trachybasalt (Saektal lava); Saektal, Cheju-do (Haraguchi, K., 1931).

204. Olivine-basalt (Hallasan basalt); same locality as 200 (Kozu, S., and Seto, K., 1929).



Table 19. Chemical Composition of the Lung-wan Volcanic Rocks.
No. 178 179 180 1 181 182 | 183 ‘ 184 185 ’ 186 i 187 188 ‘ 189 190 191 192 l 193 1 194 195 1 196 197
| ‘ \ | |
SiO, 45.54 45.54 46.16 46.67 46.70 46.93 47.03 | 47.36 47.36 47.54 48.10 48.20 48.28 48.56 48.68 48.86 49.66 49.96 50.16 | 50.16
Al O, 13.13 17.87 15.41 16.86 16.81 17,95 16.01 12.98 17.45 17.59 14.54 18.16 18.61 17.54 16.96 13.63 17.29 19.33 16.46 18.49
Fe,O, 1.25 3.02 5.84 3.22 2.39 1.20 3.52 2.66 1.71 7.50 2.77 1,57 7.29 3.84 6.23 7.74 2.23 9.55 0.74 7.34
FeO 9.13 9.08 5.15 9.14 9.48 10.83 7.88 10.90 8.51 4.07 9.26 9.60 3.74 7.80 5.29 347 8.32 1.35 9.42 3.43
MgO 12.11 7.07 13.51 8.04 8.15 6.76 11.03 8.21 8.73 6.58 5.74 6.88 5.44 7.96 6.60 9.00 6.85 4.16 8.15 5.86
CaO 8.73 8.48 5.73 7.58 8.01 7.83 6.85 7.91 121 6.45 8.54 7.44 6.97 7.16 7.74 8.22 6.87 6.38 8.58 6.28
Na,O 4.31 3.66 2.33 3.53 3.69 2.88 2.84 4.48 4.09 2.50 5.11 3.18 3.84 3.07 3.24 4.41 3.74 3.53 3.08 3.17
K,O 1.91 2.17 1.88 2.17 2.31 2.33 2.26 2.38 2.44 222 2.59 1.81 2,93 1.49 2.58 1.82 2.66 2.70 1.15 2.47
TiO, 0.83 2.74 2.10 2.36 1.92 2.53 2.13 1.04 2.31 2.10 1.01 2.22 1.54 2.09 2.13 1.00 1.80 1.78 1.75 2.10
P,O; 0.43 0.44 0.57 0.29 0.50 0.58 0.27 0.57 0.24 0.68 0.63 0.61 0.32 0.57 0.39 0.35 0.47 0.71 0.29 0.15
MnO 0.29 0.20 0.23 0.25 0.22 0.24 0.33 0.33 0.25 0.26 0.31 0.23 0.10 0.25 0.23 0.31 0.20 0.20 0.19 0.25
H,O+ 0.45 0.06 0.41 0.55 0.49 n.d. 0.29 0.31 0.24 2.23 0.05 0.34 1.51 n.d. 0.33 0.07 0.27 0.64 0.36 0.46
H,O— 1.27 0.16 0.11 0.04 : 0.11 0.03 0.74 0.03 0.12 1.36 0.28 ’ 0.12 0.12 0.18 0.18 0.41 0.19 0.05
Total 99.38 100.49 99.39 100.50 100.67 100.46 100.47 99.87 100.57 99.84 100.01 100.53 100.57 100.45 100.57 99.06 100.54 100.50 100.52 100.21
Anal. GeorL. SUR. MuratA  MURATA = MURATA SAawAvyaMA  MURATA | MURATA \Geor. Sur. = Murata  MurATA |GEOL. SUR. MuURATA Sawavama Murata = MuraTA | GEOL. SUR. MuraTA = MURATA =~ MURATA ~ MURATA
oF S. M. Ry. oF S. M. Ry. oF S. M. Ry. ‘ }OF S. M. Ry. ‘
Norms | ’ \
Q — — — — — — - - - 3.18 — — - - — — — 1.50 | —- 0.84
‘8] — — 0.31 — — — — — — 1.22 - —- — — - — - 0.71 | — -—
or 11.12 12.79 11.12 12.79 13,34 13.90 13.34 14.46 14.46 12.79 15.57 10.56 17.24 8.90 15.57 10.56 16.12 | 16.12 | 6.67 14.46
ab 7.34 14.67 19.91 19.39 10.48 20.44 20.96 15,72 16.77 20.96 15.72 26.72 27.25 25.68 27.25 28.82 2620 | 2934 | 2620 @ 26.72
an 10.84 25.85 25.02 23.91 22,52 2891 24.19 7.78 22.24 27.24 8.90 30.02 24.74 29.75 24.19 11.95 22.52 26.97 | 27.80 | 2891
ne 15.62 8.80 — 5.68 11.36 | 2.27 1.70 12.21 9.66 — 14.77 — 2.84 —- - 4.54 2.84 — | — —
wo 12.41 5.68 | == 4.99 5.68 | 2.67 3.25 11.60 4.87 —- 12.53 1.39 3.26 0.93 4.76 10.79 3.60 — 5.45 0.58
en 7.80 3.30 | 12.60 3.10 2.50 | 1.40 2.30 6.30 3.10 16.50 6.30 2.60 2.80 8.80 3.80 9.30 2.10 10.40 8.00 14.70
s 3.83 2.11 | 0.66 1.58 | 3.17 1.19 0.66 4.88 1.45 — 5.94 1.85 4.36 0.66 — 1.32 | — 5.54 —
So 15.75 10.08 | 14.84 11.90 | 12.60 15.81 17.71 9.94 13.09 — 5.67 10.22 9.52 7.77 8.89 9.24 10.57 —- 8.68 —-
Ja 8.57 7.14 0.82 7.04 | 17.54 | 10.61 6.22 8.57 7.24 — 5.81 8.57 — 4.18 1.94 — 8.24 - 6.73 —
mi 1.86 4.41 | 8.35 4.64 | 3.48 ‘ 1.86 5.10 3.94 2.55 8.12 4.18 2.82 7.89 5.57 9.05 9.05 325 — 0.93 5.80
hm — — — ol — | — — — — 1.92 - — 1.92 — — 144 | — 9.34 — 3.36
il 1.52 5.17 3.95 4.56 | 3.65 4.86 | 4.10 1.98 4.41 3.95 1.98 4.26 2.98 2.13 2.13 1.98 1 3.50 3.34 3.34 3.95
ap 1.01 1.01 | 1.34 0.67 1.34 : 1.34 ’ 0.67 1.34 0.67 1.68 1.34 1.34 0.67 1.34 1.01 1.01 | 10T | 1.68 0.67 0.34
or 38 24 20 23 29 22 23 38 27 21 39 16 25 14 23 21 25 22 12 21
ab 37 28 35 35 23 32 36 41 31 34 39 40 39 40 41 56 40 41 43 38
an 25 48 45 42 48 46 41 21 42 45 22 44 36 46 36 23 35 37 45 41
Q 9 6 12 5 ‘ 4 2 3 10 5 42 14 5 8 14 ‘ il ‘ 15 4 39 13 34
Jo 61 55 83 60 38 45 72 48 61 58 42 32 92 56 58 85 54 61 49 66
Ja 30 39 5 35 58 53 25 42 34 0 44 43 0 30 (‘ 35 ‘ 0 42 0 38 0
178. Olivine-trachyandesitic basalt, crust of volcanic bomb; Ta-i Shan, Lung-wan Volcano 188. Olivine-trachyandesitic basalt, lava flow; west of Huang-ni-kang-hsi, Lung-wan Volcano

179,
180.

181.
182.
183.
184.
185.
186.

187.

(Ogura, T., 1951, Chemical composition of igneous rocks of Manchuria, in Geology and Mineral
Resources of the Far East, no. 150).

Olivine trachybasalt, lava flow; south of Ta-lung-wan (Ogura, T, ibid., no. 149).

Olivine trachybasalt, reddish scoria; Ta-i Shan, Lung-wan Volcano (Ogura, T., ibid., no.
145).

Olivine trachybasalt, lava flow; Shuang-yang-tung Ho, Lung-wan Volcano (Ogura, T.,
tbid., no. 143).

Olivine trachybasalt, lava flow; west of Ta-i Shan, Lung-wan Volcano (Ogura, T., ibid.,
no. 141).

Olivine trachybasalt, lava flow; Ha-ma-t’ang, Lung-wan Volcano (Ogura, T., ibid., no. 140).
Olivine trachybasalt, scoria; Ta-1 Shan, Lung-wan Volcano (Ogura, T., ibid., no. 139).
Olivine-trachyandesitic basalt, scoria; Hsi Shan, Hsien-shui-ting-tzu, Lung-wan Volcano
(Ogura, T., ibid., 134).

Olivine trachybasalt, lava flow; Chen-chia-p’u, Lung-wan Volcano (Ogura, T., ibid., no.
135).

Olivine trachybasalt, black scoria; Ta-ku Shan, Lung-wan Volcano (Ogura, T., ibid., no.
131).

189.
190.
191,
192.
193.
194.
195.
196.

197.

(Ogura, T., tbid., no. 128).

Olivine trachybasalt, black scoria; Hu-lu-lung-wan, Lung-wan Volcano (Ogura, T., ibid.,
no. 125).

Olivine trachybasalt, lava flow; east shore of Hu-lu-lung-wan, Lung-wan Volcano (Ogura,
T., ibid., no. 124).

Glassy basalt, lava flow; Ta-lung-wan, Lung-wan Volcano (Ogura, T., ibid., no. 122).
Olivine trachybasalt, scoria; Hsiao-i Shan, Lung-wan Volcano (Ogura, T., ibid., no. 121).
Olivine-trachyandesitic basalt, scoria; Ta-lung-wan Volcano (Ogura, T., ibid., no. 119).
Olivine trachybasalt, compact lava; Hsiao-weng-ch’uan crater, Lung-wan Volcano (Ogura,
T., ibid., no. 114).

Olivine trachybasalt, brown scoria; Kuan-ts’o Ling, Lung-wan Volcano (Ogura, T., ibid.,
no. 112).

Olivine trachybasalt, lava flow; north of Hsi-heng-tao Shan, Lung-wan Volcano (Ogura,
T., ibid., no. 111).

Olivine trachybasalt, brown scoria; north of Hsi-heng-tao Shan, Lung-wan Volcano (Ogura,
T., ibid., no. 110).
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Table 21. Chemical Composition of Basalts
From Western Japan.

No. ‘ 205 ‘ 206 ; 207
SiO, 47.56 48.33 | 55.90
ALO, 14.13 | 16.29 . 16.00
Fe,O; | 1.89 3.24 0.92
FeO | 10.00 8.73 6.10
MgO ‘; 8.37 1 5.70 4.89
CaO 1 8.43 ‘ 8.50 ; 7.32
Na,O 1 2.95 3.59 3.56
K,O ; 1.38 1 1.49 : 1.52
TiO, 277 L 240 1.56
P,O, i 0.66 z 0.79 ‘ 0.37
MnO ; 0.13 i 0.11 ; 0.12
H,O+ | 1.92 ‘ 0.82 0.98
H,0— | 0.14
Total 100.19 99.99 | 99.33
Anal. YOKOYAMA ‘ YOKOYAMA ; TacucHI

1 |

Norms 1 ‘

Q — : - 6.48
or ‘ 8.34 _ 8.90 8.90
ab 25.15 | 30.39 29.87
an | 2113 . 22.80 | 23.35
wo ‘ 6.73 ; 4.64 3 4.18
en | 7.90 i 9.20 12.10
f ‘ 3.96 1 9.10 s 8.05
o ; 9.10 ‘1 0.21 ‘ —
fa 6.53 ‘ 0.31 s
mt ; 2.78 i 4.64 1.39
il * 5.32 ; 4.56 3.04
ap | 1.68 2.02 ‘ 1.01
or 15 14 14

ab 46 49 48

an 39 37 ‘ 38

Q |12 26 45
fo .53 35 32
fa 35 39 23

|

205. Olivine-titanaugite-labradolite trachydolerite; top of Daimanjiyama, Dogo, Oki Islands
(Kdzu, S., 1913, Sci. Rep. Tohoku Imp. Univ., 2nd ser., v. 1, p. 50).

206. Trachydolerite; On-dake, Fukue-jima, Gotd Islands (Kézu, S., 1911, jour. Geol, v. 19, p.
574).

207. Quartz basalt, in the upper part of lava; Kasa-yama, Nagato Province (Sugi, K., 1942, Mem.
Fac. Sci., Kyashi Imp. Univ., ser., D, v. 1, no. 3, p. 82).



196 KOREA

Table 22. Chemical Composition of Rocks at Otsurumizu and Hydénam.

No. i a ; b c ‘ d J e { f g
| |
Si0, | 45.58 53.91 5464 5531 55.54 60.27 61.52
ALO, | 1160 @ 1565 17.11 16.96 17.31 17.38 17.53
Fe,O, 3.12 | 375 3.07 = 2.16 2.09 4.45 1.72
FeO 731 2.82 538 | 518 @ 4.73 1.83 0.91
MgO 8.71 4.81 404 | 417 | 370 1.03 0.24
CaO 7.98 | 7.09 535 | 570 5.46 3.01 2.46
Na,O 402 412 585 | 588 39 = 627 6.54
K,O 2.67 | 247 2.84 | 273 353 | 477 6.40
TiO, = 297 | 2.0 027 = 015 110 026 0.17
PO, 1.98  1.28 008 012 = 038 . 0.2
MnO | 0.04 tr. 041 |  0.68 0.12 015 | 015
H,0+ ;} 4.39 .‘I 2.05 1.26 | 1.02 0.99 072 | 132
H,0— | 045 = 0.41 1.14 067 = 0.1
cO, | nd nd. | nd | nd | 0I2 nd. | nd
‘otal | 100.37  99.95 | 100.75 = 10047 = 100.17 | 100.81 | 9959
Anal. iYOKOYAMA J1Y01<oy,«mvm Kok = Koike “ RaouLt Koike “ Koike
| !

Norms ! i [ ‘ B
Q ‘ — 3.06 — — 522 | — | -~
or 1557 | 15.01 1668 |  16.12 20.57 | 2836 37.81
ab 32.49 | 3458 |  39.30 39.82 34.06 52.40 =~ 46.63
an 584 | 1696 | 11.95 11.95 1890 | 5.00 —
ne 0.85 — 5.68 5.40 — | 028 4.26
ac — — — — wes | —— 0.46
wo 3.02 | 4.18 5.80 6.50 220 | 4.18 4.76
en . 220 | 12,00 3.10 3.40 9.30 | 2.60 0.60
S C 053 | 1.59 2.51 2.90 515 | — | 040
fo - 1137 — 4.90 4.90 — — | —
Ja . 418 — 4.08 4.49 — — | _
mt ‘ 4.41 | 5.57 4.41 3.25 3.02 | 557 | 2.32
hm ‘ —_ | s —_ — — 064 —
il . 578 046 0.46 0.30 2.13 046 0.30
ap S &70 302 0.34 0.34 1.0l — 0.34
or 29 23 24 24 | 28 | 33 | 4
ab 60 52 58 5 46 61 | 55
an 11 | 25 18 17 2% 6 | 0
Q . 10 1 47 | 30 | 27
fo 71 50 52 46 33 0 | 42
Ja 25 8 38 4 20 0 3

a. Glassy monchiquitic rock; Otsurumizu, Kanzaki, Bungo Province (Koézu, S., 1914, Sci. Rep.
Tohoku Imp. Univ., 2nd ser., 1, p. 80).

b. Soretite trachyandesite; same locality as above (Kézu, S., ibid., p. 79).

c,d. Syenodolerite; Hyonam, Kuk-tong, Tong-myodn, Mydngch’6n-gun, Hamgydng-pukto, Korea
(1td, T., 1937, Beitrige zur Mineralogie von Japan, Neue Folge, 2 (Tokyd), p. 152).

e. Dolerite; same locality as above (Lacroix, A., 1928, Bull Geol. Soc. China, v. 7, p. 58).

f.  Syenite; same locality as above (It6, T., 1937, p. 151).

g. Syenite-aplite; same locality as above (It5, T., 1937, p. 153).



Table 9. Chemical Composition of Paektu-san Lavas.

No.

SiO,
ALO,
Fe,O4
FeO
MgO
CaO
Na,O
K,O
TiO,
P,0;
MnO
H, O+
H,O—
CO,
Total

Anal.

47 ‘ 48
| |
| 6130 | 61.68
1647 | 17.36
276 | 1.79
375 | 4.03
025  0.37
169 153
538 | 4.68
510 | 510
055 | 065
002 = 0.03
014  0.13
073 027
057  0.39
123 1.80
 99.94  99.81

| ‘ 1 ‘ \ | ‘ : |
| MURATA MURATA MURATA‘ MuraTAl MURATA| MURATA‘ MuraTA MURATA MURATA} MvuraTta Raouvrt Kin’NARI KIN’NART

Norms |

Q
C
or
ab
an
ac
ns
wo
en
fs
mi
mh
il
ap

or
ab
an

Q
Jo
Jfa

5.40

30.02
45.59
5.84

1.04
0.60
3.83
4.18

1.06

37
56
7

- 66
4
30

|

150
1.43
30.02
39.82
7.51

0.90
5.02
2.55

122

39

- 51

10

| 66

B

29

|

49 50 51 52 53 | 54 | 55 56 | 57 | 58 i
| |
| |
- 61.83 62.98 | 64.42 | 64.76 64.78 = 64.89 65.04 | 65.68 65.84 66.24
18.27 16.53 16.26 15.08 15.00 15.42 16.66 15.93 15.39 14.64
1.48 1.94 2.26 4.63 3.73 2.94 2.36 3.02 1.45 1.45
3.47 4.00 3.77 1.85 | 2.55 3.68 ‘ 2.93 3.44 8.55 3.52
0.37 0.55 0.17 0.35 | 0.13 0.12 | 0.02 0.03 0.03 0.79
1.63 2.17 1.24 1.3¢ | 1.21 1.23 | 0.99 0.72 1.50 0.49
4.92 4.73 5.44 485 | 6.28 546 | 6.08 4.76 5.96 7.46
5.98 5.66 4.74 523 | 4.90 474 | 4.88 5.06 527 4.44
0.60 | 0.69 0.55 0.53 0.50 0.40 | 0.40 0.42 0.66 0.15
0.03 | 0.23 0.02 0.12 tr. tr. l tr. tr. 0.12 n.d.
0.06 | 0.13 0.12 0.20 = 0.07 0.12 0.09 0.07 0.17 0.39
0.28 none 0.10 0.47 | none none none 0.05 0.21 } 0.27
0.52 0.10 0.22 037 | 0.20 0.12 | 0.14 0.02 0.08
045 | 020 | 0.28 0.12 | 0.40 058 | 0.16 0.31 n.d. n.d.
99.89 | 99.91 | 99.59 | 99.90 | 99.75 99.70 | 99.75 99.71 100.23 99.84

| |
|

7.56 ’

59

| 66.27

14.57
1.87
3.08
0.59
0.94
7.70
4.41
0.28
n.d.
0.37
} 0.13

n.d.
100.21

6.42
26.13
50.30

5.54

1.95

1.97

1.50
5.81

444 | 420 9.90 14.16 | 7.80 | 11.22 7.80 15.42 6.84
0.71 | — — — — | — — 1.22 - | —
35.58 | 33.92 27.80 30.58 | 28.91 | 27.80 28.91 30.02 31.14 | 26.13
41.39 39.82 46.11 40.87 | 50.30 ‘ 46.11 51.35 40.35 50.30 1 50.30
8.06 6.95 6.12 4.17 | — | 3.61 3.89 3.61 — | —
— | — - - 2.77 - — — — 4.16
—_ — — — —_ — — — 1.83
— 081 - 0.70 244 | 093 : — 2.78 1.04
0.90 | 1.40 0.40 0.90 0.30 l, 0.30 0.10 0.10 0.10 2.00
4.22 4.88 4.36 — 1.85 | 3.96 277 3.30 4.49 6.86
2.09 ‘ 2.78 3.26 5.34 394 | 4.18 3.48 4.41 2.09 —
— — - 0.96 — — — — - -
1.22 | 1.37 1.06 0.91 0.91 0.76 0.76 0.76 1.22 0.30
—— i 0.67 — ‘ 0.34 - i — — — 0.34 = |
| : ‘ [
42 42 35 40 36 36 34 41 38 34 \
49 49 57 54 64 59 61 54 62 . 66 |
9 9 8 6 0 5 5 5 0 .0 ‘\
59 55 75 |96 | 84 79 79 86 71 | 58
7 9 P2 4 2 1 1 0 1 9
34 36 | 23 0 14 20 20 14 28 | 33
47. Soda-diopside-anorthoclase trachyte; P’acktu-san (Ogura, T., 1951, Chemical composition

48.
49.
50.
51.

52.
53.

54.
55.
56.
57.
58.

59.

60

of igneous rocks of Manchuria no. 63, in Geology and Mineral Res. Far East).

Yellow augite-anorthoclase trachyte; Maan-san, P’acktu-san (same as above, no. 62).
Fayalite-augite-anorthoclase-trachyte; (same as above, no. 61).

Yellow augite-olivine-anorthoclase-potash oligoclase trachyte; Mach’6nmol, P’aektu-san
(same as above, no. 60).

Fayalite-soda diopside-anorthoclase trachyte; Mach’dnmol, P’aektu-san (same as above,
no. 59).

Fayalite-augite-anorthoclase trachyte; (same as above, no. 58).

Fayalite-soda diopside-anorthoclase trachyte; in the vicinity of Changbaek hot spring,
P’aektu-san (same as above, no. 57).

Alkali hornblende-fayalite-soda diopside anorthoclase pantellerite; P’aektu-san formation
(same as above, no. 40).

Anorthoclase-soda diopside trachyte; south of P’aektu-san formation (same as above, no. 56).
Anorthoclase trachyte; in the valley of Mach’dnmol, P’aektu-san (same as above, no. 55).
Alkali-trachyte obsidian; Pydngsiam, P’aektu-san (Lacroix, A., 1927, Les rhyolites et les
trachyte hyperalcalines quartziferes, 2 propos de la Corée: Comptes Rendus, Tome 185, p.1414).
Fayalite-bearing soda diopsidic-aegirine-augite-anorthoclase trachyte; at the foot of the east
wall of Talmun, P’aektu-san (Watanabe, T., 1934, Volcanol. Soc. Japan, Bull., v. 2, p. 65).
Fayalite-soda diopside-anorthoclase trachyte; at the foot of Taejong-bong, P’aektu-san
(Watanabe, T., ibid.).

. Trachyte a silice libre (2¢ facies) (hakutoite); (Lacroix, A., 1927).

|
| |

‘ 71
71.67
13.05

1.00
2.80
none
3.32
4.83
4.02
0.21
none
0.11
0.02
o nud.
100.94

21.78

23.91
40.35
2.22

5.68
3.96
1.39
0.46
{ 36
. 61
|3

79
11
10

60 | 6l 62 63 64 | 6 | 66 67 68 69 70
< — i
| 67.42 67.68 67.84  68.98 70.81 | 70.95 | 7176 72.76 | 72.86 1 54.64 | 66.28
| 15.07 12.55 15.27 13.18 10.63 12.23 | 11.65 11.06 10.64 16.95 14.86
0.44 3.00 2.22 0.44 2.60 1.22 | 2.51 2.94 3.42 2.11 2.26
2.79 2.85 2.38 3.49 4.01 4.13 3.23 2.46 2.77 6.63 2.92
0.25 0.24 0.04 0.69 0.23 0.05 — 0.10 tr. 3.17 0.34
1.42 1.25 0.82 1.60 0.75 0.47 0.62 0.59 0.64 6.14 1.66
6.11 6.31 5.32 6.02 5.97 5.46 4.68 4.55 4.73 3.17 6.34
5.01 4.71 5.02 5.08 3.47 4.60 4.51 4.33 4.30 3.17 4.73
0.72 0.31 0.35 0.40 0.11 0.30 0.38 0.29 0.32 1.81 0.40
| 0.07 0.19 none — 0.05 tr. 0.05 0.08 tr. 0.42 0.10
| 0.14 0.06 0.05 0.62 0.10 | 0.09 0.10 0.05 0.12 | 0.16 0.10
| 0.36 0.51 none 0.14 0.93 | none 0.59 0.71 0.36 | none 0.13
0.05 0.08 0.14 0.12 0.40 | 0.04 0.22 0.33  0.21 0.25 0.09
n.d. n.d. 0.22 n.d. nd. | 0.36 . nd. . nd. } nd. = 057 | n.d.
99.85 99.74 99.67 100.76  100.06 99.90 ‘ 100.30 1 100.25 |100.37 | 99.79 | 100.21
RaourT NEmoTo ‘ MuraTa  SeTO SETO ‘ MURATA‘ RaourTt | NEMOTO RAOULT‘i MuraTa| NEMoTO | SETO
| ! | | |
9.84 14.22 15.60 14.94 24.24 | 2154 | 25.56 30.42  28.50 2.04 ] 7.86
29.47 27.80 29.47 30.02 20.57 27.24 | 26.69 25.58 25.58 18.90 27.80
49.78 38.77 44.54 39.30 35.11 = 37.20 | 35.11 27.77 30.39 31.96 50.30
— oo 3.34 — s | = | — — 2002 =
1.39 8.78 — 1.39 7.39 3.70 4.16 8.32 8.32 — 2.77
—- 1.10 - 2.32 1.59 1.10 — 0.37 — — —-
2.55 2.20 0.23 3.36 1.51 0.93 1.28 0.35 1.28 325 | 3.13
0.60 0.60 0.10 1.50 0.60 | 0.10 — 0.30 — | 790 | 0.90
4.22 4.88 211 6.86 7.39 | 7.13 4.36 4.09 436 | 739 @ 3.70
- —_— 3.25 0.76 - — | 162 — 0.70 ‘ 3.02 ; 1.86
1.37 0.61 0.61 — 0.15 | 0.61 ‘ 0.76 0.61 0.61 350 | 0.76
- 0.34 0.34 — — — | — ‘ — 0.34 - 1.01 } 0.34
N |
37 42 38 43 37 42 43 48 46 27 | 36
63 58 | 58 57 63 58 57 52 54 45 64
0 0 | 4 0 0 0 0 0 0 28 0
75 i 79 91 73 81 81 89 90 90 35 72
3 | 2 0 4 1 0 0 |1 0 32 5
22 1 19 9 23 18 19 11 9 10 33 23
61. Hyalo-pantelleritic trachyte; top of P’aeg-am, P’acktu-san (Nemoto, T., 1935, Japan. Assoc.
Mineralogists, Petrologists and Econ. Geologists Jour., v. 14, p. 157).
62. Aegirine-soda diopside-anorthoclase pantellerite; Mach’6nmol, P’aektu-san (Ogura, T., 1951,
no. 37).
63. Aegirine-riebeckite trachyte (pantelleritic) ; at the top of P’aektu-san (Kozu, S., and Seto, K.,
1929, Abstract of paper from the 4th Pacific Sci. Congress Java, v. 2, B, p. 1067).
64. Hyalopantellerite; P’aektu-san (Kézu, S., and Seto, K., 1922, Geol. Soc. Japan Jour., v. 29,
p- 215).
65. Quartz-glassy pantellerite; on the side of P’aektu-san, P’aeg-am (Ogura, T., same as 62,
no. 34).
66. Comendite (facies a lithophyses); P’acktu-san (Lacroix, A., 1927 [item 57], p. 1413).
67. Comenditic pantellerite; entrance of Taejong-bong trail, P’aektu-san (Nemoto, S., 1935,
cited under sample 61).
68. Pantellerite (facies a lithophyses); P’aektu-san (Lacroix, A., 1927 [item 57], p. 1413).
69. Olivine labradorite-soda anorthoclase-trachybasalt; gravels scattered at the top of Taejong-
bong, P’aektu-san (Ogura, T., 1951, no. 92).
70. Nordmarkitic ejecta; at the top of P’aektu-san (Suzuki, J., 1938, Hokkaids Imp. Univ., Fac.
Sci. Jour., ser. IV, v. 4, p. 180).
71. Pumice (comendite type); at the top of P’aektu-san (Kozu, S., and Seto, K., 1929. [item
63], p. 1067).
72. Pantellerite (facies vitreux); P’aektu-san (Lacroix, A., loc. cit. [item 57], p. 1413.

Note: 69-72, eruptive material of the Pleistocene age.

T

[

72

73.20
9.31
3.25
3.10
0.04
0.38
5.25
4.43
0.60
0.10
0.19
0.28
0.12
n.d.

110025

Raouvrt

31.62

26.13
23.06

9.70
2.44
0.81
0.10
4.62

1.22
0.34
53

47
0

90
0
10
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Table 23. Chemical Composition of Rocks From Hoerydng and Chongsong.

No. ‘ hoo| ‘ i |k 1 | m n o
| : ‘
SiO, 1 46.22 [ 47.08 ‘ 49.27 | 50.26 | 58.43 | 47.82 50.75 59.74
ALO; | 16.33 | 13.41 | 20.30 | 19.23 | 21.73 | 17.98 | 18.07 = 20.59
Fe,O; | 1.24 | 2.85 0.41 | 1.00 | 1.56 2.88 291 2.21
FeO 7.40 | 7.19 7.82 | 3.89 | 1.75 | 6.74 6.39 | 1.35
MgO 788 397! 643 321 088 386 007 017
CaO 8.46 : 12.38 | 10.84 | 7.70 2.53 | 8.96 8.85 | 2.44
Na,O 4.33 4.83 1.78 | 7.69 | 6.03 | 2.66 | 3.00 | 7.88
K,O 995 | 491 051 439 524 | 58 633  4.09
TiO, 278 057 162 193  none 062 072 023
P,O; | 0.54 | 0.10 | 0.14 —_ none | 0.37 | 0.91  none
MnO | 017 | 014 033 0.08 003 — 0.04  none
H,0+ 174 039 060 093 1.23 1.72 1.67 | 1.38
H,O— 0.13 ‘ 1.81 0.13 | 0.29 0.34 | 0.67 | 0.54 0.02
CO, 0.41 | nd. | n.d. n.d. nd. | n.d. nd. | n.d.
Cl nd. | n.d. tr. | n.d. 0.49 0.31 0.27 | 0.58
Total 99.88 | 99.59 | 100.18 | 100.60 100.24 “ 100.47 100.52 | 100.68
Anal. | Raourt | SETO SETO SETO Seto | SeTO SEro | SETO
I | i |

Normms | | R \!

0 — | — 060 — — - . "
C | — | - | — | — 153 | s | = —
or }‘ 13.34 | 28.91 | 2.78 ‘ 26.13 | 31.14 ‘1 32.53 ‘ 37.25 | 24.46
ab | 15.46 | 6.81 15.20 6.29 | 44.01 | - 11.00 | 51.87
an 1 18.63 | 0.56 | 45.87 4.73 | 12.51 | 19.46 17.24 ; 8.62
lc | = | = — - — 196 - —
ne 1093 18.18 — sl 3.69 | 1221 767 7.95
wo { 8.24 13.46 | 3.02 ; 14.04 — | 9.28 8.82 1.51
en { 5.40 6.50 | 16.10 8.00 | — :‘ 4.70 0.20 ‘ 0.40
fs | 2.24 | 6.73 ! 11.88 ‘ 3.30 | — i 4.36 8.32 | 0.26
o 1001 238 = 154|350 s -
Ja | 459 | 265 | — | — | 153 M 3.47 — —
mt 1.86 | 4.18 | 0.70 | 1.39 | 2.32 | 4.18 4,18 | 3.25
il 532 1.06| 304 365 — 1 122|137 046
ap i 1.34 0.34 | 0.34 | —_ — 1.01 | 2.02 —

h. Basanitoid; Undusdng, P’arul-myén, Hoeryong-gun, Hamgydng-pukto, Korea (Lacroix, A.,

i.

1928, Bull. Geol. Soc. China, v. 7, p. 28).

Trachydolerite; same locality as above (Kozu, S., and Seto, K., 1922, Jour. Geol. Soc. of Japan,
v. 29, p. 217).

Olivine trachybasalt; top of Sansong-san, Hoerydng-up, Hoerydng-gun (Kozu, S., and Seto,
K., 1929, Proc, 4th Pacific Sci, Cong., Java, v. 2, B, p. 1067).

k. Trachydolerite with sodalite and analcite; north side of Sanséng-san, Hoeryong-up, Hoerydng-

gun (Koézu, S., and Seto, K., ibid., p. 1067).
Sodalite microsyenite; Yondae-bong, Pydksong-myon, Hoeryong-gun (Kozu, S., and Seto,
K., tbid., p. 1067).

m. Alkali-gabbroid rock (fine-grained); Nanchuri, Shokwamen, Chongsdng-gun, Hamgyong-

pukto, Korea (Kozu, S., and Seto, K., 1926, Proc. 3rd Pan-Pacific Sci. Cong. Tokyo, v. 1, p. 781)

n. Alkali-gabbroid rock (coarse-grained); same locality as above (Kozu, S., and Seto, K., 1926.

ibid.).

o. Sodalite microsyenite; same locality as above (Kozu, S., and Seto, K., 1926, ibid.).
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Table 24. Chemical Composition of Rocks From Manchuria, Taiwan and China.

No | P q r ‘ s t
SiO, ‘ 43.03 47.56 48.10 48.74 48.98
AL O, ‘ 14.25 13.21 15.64 15.84 ‘ 14.12
Fe, O, 6.91 6.65 6.80 6.90 2.25
FeO 4.26 2.98 2.78 2.82 7.40
MgO 8.01 3.59 3.80 3.85 7.98
CaO | 11.55 5.04 7.77 7.88 10.30
Na,O 3.73 4.20 2.61 2.65 2.61
K,O 2.61 4.64 3.49 3.54 1.61
TiO, 1.76 4.23 2.26 2.29 2.88
P,O, 0.28 221 1.66 1.68 0.30
MnO 0.41 — tr — 0.15
H,O0+ | 2.34 | 5.11 4.40 4.46 1.03
H,O0- | } 1.32 } 0.32
CO, ! 1.55 n.d. n.d. n.d n.d
Total 100.72 99.42 100.63 100.68 99.93
Anal. MUuURATA Kono Kono Kono Yacr

Norms

—_ -— 3.60 3.36 —

or 15.57 27.74 20.57 21.13 9.45

ab 7.34 35.11 22.01 22.53 22.01

an 14.46 3.34 20.57 20.85 21.96

ne 13.06 0.28 — — —

wo 12.99 1.97 2.90 3.02 11.37

en 11.20 1.70 9.50 9.60 12.30
Js — — —_— — 4.49
Jo ‘ 6.16 5.11 — — 5.39
fa ; — — - — 2.14

mt 1 9.98 2.55 2.32 3.25

hm \ — 6.72 5.12 5.28 —

il ‘ 3.34 6.38 4.26 4.41 5.47

of ‘ — 1.50 ‘ — — —

ap ‘ 0.67 5.04 4.03 4.03 0.67

c ; 3.50 —_ — —— —

or 42 42 32.5 33 17

ab 19 53 35 35 42

an 39 ] 32.5 32 41

Q 23 7 49 48 19
Jo 77 93 51 52 58
Ja 0 0 0 0 23

p- Barkevikite monchiquite; P’i-tzu-wo, Kuan-tung Province (Ogura, T., 1933, Mem. Ryojun
Coll. Eng., v. 6, no. 9).

q.r,s. Teschenite; near Lu-k’u, T’ai-pei Province, Taiwan (Ichimura, T., 1932, Geol. Mag.,
v. 69, p. 72).

t.  Olivine trachybasalt; Wei-chou Tao, Kuang-tung Province, China (Yagi, K., 1949, Kagaku
[Science], v. 19, p. 331).
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On the Cenozoic Vertebrates in Korea

Fuyuji Takart

Fossils of Cenozoic vertebrates of Korea are in poorer condition than those of
China and are also inferior to those of Japan, which have been considered rather
poor. To summarize the present knowledge of these fossils may be significant for
future studies on Cenozoic formations, so their specific names, the fossil-bearing
formations, and their localities are given below in the order of their geological suc-
cession. Their palaeontological descriptions are omitted, but references to peri-
odicals which include descriptions are given at the end of this article.

Eocene

The following seven mammalian species occur in the coal seams of the Pongsan
and Sariwon coal mines of the Pongsan coal field in Pongsan-gun, Hwanghae-do,
and the geological age of the seven is presumed to be latest Eocene from their
relationships with the Shara Murun and Irdin Manha formations of Mongolia.

Carnivora Harpagolestes koreanicus SHIKAMA
Perissodactyla  Cristidentinus sp.
Desmatotherium grangert TOKUNAGA
Lophialetes tokunagai T ARAT
Colodon hodosimai T AKAI
Caenolophus makii T AKAL
Protitanotherium koreanicum T AKAT

Occurrences of mammalian remains in the Pongsan coal field were first reported
by Tokunaca (1926), and although lacking sufficient data, he considered their
geological age to be Miocene. Later, Morr (1929) and Tokunaca (1929 B) stated
that their age was Miocene, but Tokunaca (1932, 1933a-c) concluded that they
were late Eocene from the occurrences of late Eocene species which had close re-
lationships with the Mongolian Eocene species collected by the Asiatic Expedition
of the American Museum of Natural History. The results of the research on fresh-
water mollusc and plant remains by MaTsusaita, ONnovamMa and Magjiva (1935)
also confirmed their age as late Eocene. Further study by the writer (1938, 19394,
1945) and Suikama (1943) revealed that the Pongsan formation consisted of the
above-mentioned seven species.
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Through a comparison of mammalian assemblages, the writer (1950) concluded
that the Pongsan formation may be correlated with the Ube coal-bearing forma-
tion and the Soshu sandstone in the upper part of the Tachibetsu formation in
Japan.V Other equivalent beds which are assigned to latest Eocene are the Kuan-
chuang series of Shansi Province, the lower Yuanch’u series of Shansi and Honan
Provinces, the Lushih series and the Fanchuang series of Honan Province, the
Lunan series of Yunnan Province, all of China; the Irdin Manha formation and
the Shara Murun formation, Inner Mongolia; the Pondaung formation, Burma;
and the Melawi group, Borneo.

Miocene

The Miocene series occurs in several limited areas, but among them the Myong-
ch’6n and Kilchu districts of North Hamgyong-do in North Korea and the Yongil,
Changgi, and Yonil districts of North Kyongsang-do in South Korea are compara-
tively wide.

The Myongch’on series in North Korea is divided into two parts, the lower
P’yongnyuk stage and the upper Hamjin stage. The latter contains some mollusc
remains which are characteristic of the Miocene, and the following four vertebrates.
From these remains its geological age is presumed to be middle Miocene.

Pisces Teleostei Clupea sp.
Mammalia Cetacea Cetacea gen. and sp. indet.
Proboscidea Bunolophodon annectens (MATSUMOTO)

Perissodactyla  ““Rhinoceros™ sp.

From the Yonil series in South Korea a shark of Carcharodon megalodon Acassiz
and several bones and scales of unidentifiable bony fishes were collected, together
with molluscs and other fossils, plants and animals. Their age is considered to be
somewhat later than the Hamjin stage and from the middle to late Miocene.

Among the fossil fishes the occurrences of Clupea sp. and other bones and scales
were reported for the first time by TaTeiwa (1924, 1925), and KANEHARA later
(1936) added the occurrence of Carcharodon megalodon Acassiz. But precise palaeon-
tological studies of these have never been undertaken.

The first fragments of mammalian remains, unidentifiable cetacean bones, were
reported by Morr (1926, 1929a) but were never studied palaeontologically. The
second, mastodon, was first reported by Makryama (1935, 19364) under the name
Trilophodon cfr. angustidens (Cuvier), but later (19368, 1938) he described it under
the new specific name Bunolophodon yokotii Makiyama. The writer, however, (1938,
19398, c) considered that it might be synonymous with the Japanese mastodon,

1) As the Gonosawa sandstone member, the lower part of the Tachibetsu formation, was erro-
neously mentioned in the previous report, here the writer corrects it to the Soshu sandstone mem-
ber, the upper part of the Tachibetsu formation.

I correct my 1950 report in which I correlated the Pongsan formation with Gonosawa sandstone,
the lower part of the Tachibetsu formation.
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Bunolophodon annectens (MaTtsumoTto). The third, rhinoceros, was also reported by
Mort (19294a), but the writer (1938, 19398) supposed it to be related to the Japa-
nese Miocene rhinoceros, Chilotherium pugnator (MATSUMOTO), judging from its site
of occurrence.

Pleistocene

The mammal-bearing Pleistocene series is also not well developed. Remains were
found at several localities, such as Kaesong-bu, Kyonggi-do; Changydn-gun,
Hwangju-gun, and Kimch’6n-gun, Hwanghae-do; Séngch’6n-gun, South P’yon-
gan-do; and Kilchu-gun and Chongsong-gun, North Hamgyong-do. Some of the
remains were derived from fissure-filling or terrace deposits, little is known of the
other localities. From the above-mentioned localities the following nineteen mam-
malian species were recorded by several geologists. Judging from the species of the
terrace deposits at Chongsong-gun, North Hamgyong-do (marked by an asterisk),
the geological age of the deposit is evidently very late Pleistocene and all other
remains are perhaps late Pleistocene.

Rodentia * Citellus tomanensis TokuNAGA and MoRI
* Myospalax cfr. epsilanus THOMAS
* Microtus maekawai TokUNAGA and MoORI
* Ochotona sp.

Carnivora * Hyaena ultima dokantinensis ToKUNAGA and MoRI
Megantereon nihowanensis (TEILHARD and PIVETEAU)
Proboscidea Palaeoloxodon naumannt MAKIYAMA

* Mammonteus primigenius BLUMENBACH
Perissodactyla  * Equus przewalskit POLIAKOFF
E. caballus fossilis LLINN.
* Rhinoceros antiquitatis BLUMENBACH
R. shindoi ToxuNAGA
Artiodactyla * Capreolus cfr. pygargus ochracea BARCLAY
* Cervus elaphus elaphus LINN.
* (. elaphus canadensis ERXLEBEN
* Megaceros sp.
* Quis cfr. ammon LINN.
* Bos primigenius BojaNus
* Bison exguus MATSUMOTO
Of these nineteen species, the fifteen marked by an asterisk were excavated on
two occasions by Mori (1935), and Tokunaca and Morr (1939) from the terrace
deposit at Tonggwan-jin, Chonggwan-myon, Chongsonggun, North Hamgyong-
do, and they closely resemble the materials being excavated at Ho-chia-kou, Ku-
hsiang-tung in the vicinity of Harbin, but seem to be younger than the Manchurian
ones. The writer considers them to be very late Pleistocene.
A saber-toothed tiger, collected from the residual clay at the Hwan-san lime-
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stone quarry at Kyomip’o-up, Hwangju-gun, Hwanghae-do, was identified by
SuikAMA (1934) as Machairodus cfr. cultridens (Cuvier) and he concluded its geo-
logical age to be Pliocene, but the writer (1938) had some doubt about SHIKAMA’S
conclusion and supposed its age to be late Pleistocene. TEILHARD DE CHARDIN
and Leroy (1945) later identified it with the Villafranchian species Megantereon
nthowanensis (TEILHARD and PIVETEAU), originally described from the Nihowan for-
mation, Hopeh Province in North China, and presumed it to be early Pleistocene,
Therefore, the Early Pleistocene mammalian faunule is expected to be confirmed
in Korea some day.

Morr (19294) reported the occurrence of an elephantine tooth, related to the
Indian species of Palaeoloxodon namadicus (I aALcoNER and CAUTLEY) fromnear Kilchu-
up, Kilchu-gun, North Hamgyong-do; but he gave no data about its precise loca-
tion or formation. The writer has indentified it with a Japanese Pleistocene species
of Palaeoloxodon naumanni Makiyama because of its resemblance to the Indian
Palaeoloxodon. The occurrence may be the most northern in the distribution of
Palaeoloxodon in Japan, Korca and China. Another occurrence of this species was
reported by Takar (1937, 1938) from the sea floor near the island of Paengnyong,
Changyon-gun, Hwanghae-do; this is the only reliable example of this species
from Korca. As Palaeoloxodon naumanni Maxiyama flourished in the Pleistocene of
Japan, it may also belong to the late Pleistocene of Korea.

Jmso (1915) reported the first occurrences of mammalian remains from a lime-
stone cave near Kyejong, Kodong-myon, Kumch’on-gun, Hwanghae-do. After-
wards Tokunaca (19294, B, 1930) clarified that they were horse and rhinoceros
remains, and he (1933c¢) altered the previously mentioned locality to Kyonggi-do.
On the other hand, Morr1 (19294) gave an account of some fossil horse and rhino-
ceros from a limestone cave near Che-sok-san, Kaesong-gun, Kyonggi-do. These
two localities are very near each other, and, therefore, these fossils reported by
Toxunaca and Mori probably occurred in the same locality and possibly belonged
to the same specimens. The horses were named Equus caballus fossilis LinN. Toku-
NAGA (19298, 1930) gave a new specific name, Rhinoceros koreanicus TokUNAGA to the
rhinoceros but included no description or illustrations. Takar (1938) suggested that
it might be identified with the Japanese Pleistocene species Rhinoceros shindoi Toxu-
NAGA. The geological age of these two fossils may be Pleistocene ; a more exact age
determination is impossible.

Toxkunaca (1929a) and Morr (19294a) cach reported a red deer from a lime-
stone cave at Majon-ni, Songch’6n-myon, Songch’on-gun, South P’yongan-do,
but gave no description of it. Its geological age may also be Pleistocene.

Holocene
Mori (19298, 1930) reported a Korean bear, Ursus ussuricus HEUDE, and a Korean

boar, Sus coreanus HEUDE, from a well-known limestone cave, Tungryong-gul, at
Unhakch’am, Yongsan-myon, Yonghyon-gun, North P’yongan-do. As their occur-
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rence in the Pleistocene has not been established, it cannot be determined whether
the bones are Pleistocene or of a recent species which entered the cave to hibernate.
Therefore, they may not be called fossils in a strict sense.
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The Yonch’on System Containing Cyanite
and Andalusite Deposits
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Fig. 1. Geological Map of the Sangnydng-Yonch’on District, Kyonggi-do, South Korea.
Note: S zone is divided into three subzones (see figs. 15 and 16). The author sometimes refers to
these subzones by using the symbols SI, SII, and SIII.

1. Introduction

Several localities of cyanite, andalusite, and sillimanite deposits have been found
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in Korea. The rocks of these localities are generally considered to be Archean or
Proterozoic: the Yonch’6n, Okch’6n, and Sangwon systems (YamacucHr, 194],
1952) and the gneisses in Uiju-gun, P’yongan-pukdo (Takanasui, 1940) and in
Kangso-gun, P’yongan-namdo (Mivazawa, 1940).

The deposits generally consist of cyanite, andalusite and sillimanite concentrated
in veins or pockets with smaller amounts of other minerals or other easily separable
minerals.

The fact that the deposits are distributed in remarkably metamorphosed regions
indicates that they are closely related genetically to the metamorphism of their
country rocks.

It has not been proved that these country rocks geologically and petrologically
belong to the Archean or Proterozoic system; we have the old unsolved problems:

1. What are the kinds and ages of the original rocks?

2. What are the nature and ages of the metamorphism ?

The same questions also apply to the so-called Yonch’6n system.?

The arca covered in this paper is the type locality of the Yonch’6n system, which
Shigetaro Kawasaxkr (1918) reported upon earlier.

After 1939? the deposits in this region became known to the miners in Korea:
Y. Kivosakr (1938) had surveyed them for the mineral resources and I later sur-
veyed the area (1941).

2. Geology

A. The Relation of the Yonch’6n Metamorphic Group to
Other Geological Members

No evidence has been found in this region to prove that this metamorphic group
belongs to the Archean system. As shown in Fig. 1, this group is in contact with the
Sangwon system in the north, probably without faulting, and is in contact with
granite and gneiss in the south where the relation is that of intrusions and injec-
tions. In the east and west the geological extensions of the group are such that they
cannot be described clearly.

The members clearly overlying this metamorphic group are the tuff-breccia
(near Yonch’6n), the plateau basalts (near Yonch’6n and Sin’gok), and the
alluvial sediments.

Relations to the blasto-mylonite (BM),
the porphyritic granite (PG), and granite (BG)

(1) Western side of the southern margin (of the arca of this report)—near Chung’-

bang.

The porphyritic granite (PG) is injected in the Samgot granulite zone. Near
the plane of contact, the rock distributions are from north to south as follows:

1) I prefer the name Yonch’on metamorphic group to the Ydnch’dn system, because no evidence
suggesting that this ““system’ is Archean has been found.

2) The mining of these cyanite deposits increased from 1937 to 1943 ; many amateur prospectors
and miners actively worked these deposits.
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the Yonch’6n metamorphic group

Granulite® (Samgot zone)

Alternation of granulite and melanocratic gneiss?, approx. 150 m thick
Injection of aplite veins in melanocratic gneiss, approx. 150 m thick
Augen-gneiss, grading southward into PG

Porphyritic granite (PG)

The rocks have a similar orientation of schistosity and show gradual transition
from one to another. The forming of PG (injection of basic magma in the earlier
stage and injection of aplite veins in the later stage), therefore, is considered
to have occurred simultancously with the dynamometamorphism of the Samgot
granulite.

(ii) Eastern side of the southern margin-—near Chon’gok.

The blasto-mylonite® BM, named according to petrographic textures and struc-
tures, has an almost parallel schistosity orientation to the Samgot granulite. The
contact relation is not that of a fault. Sheet-like melanocratic gneisses are also dis-
tributed in that part of the granulite near the contact. The blasto-mylonitization,
therefore, is considered to have occurred simultaneously with the dynamometamor-
phism of the Samgot granulite.

(i) The granite BG% in the southwest.

This granite undoubtedly intruded the metamorphic group.

(iv) The relation between PG, BM, and BG.

The field relations between them have not been clarified, but the succession of
their intrusions is considered to be as follows:

(Intrusion or injection of the original rock of BM)—(injection of PG—simul-
taneous with the dynamometamorphism of the Yonch’on metamorphic groups)—
(intrusion of BG).

Schistosity plane Bedding plane
NBOE.80S |s E-W.40S_
P “ﬂ 2 i

0 100m
LEGEND
q--Quartzite  Is--Limestone
p--Phyllite ¢~ Conglomeratic phyllite

Fig. 2. Difference between the Schistosity Plane and the Bedding Plane in the Sangwon System

Near To’san.

3) According to Harker’s definition.

4 Granoblastic gabbro under the microscope.
5 According to Sander’s nomenclature.

% The Pulguksa granite?
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The relation to the so-called Sangwon system,
in the northern side.

The Yoch’ok mica schist zone of the metamorphic group is in contact with the

Proterozoic Sangwon system in the northern side. The contact relation is not con-
sidered a fault, as they alternate on a small scale near the contact and show an
almost similar orientation of schistosity.
Conglomeratic phyllite, the characteristic key bed of the upper formation of the
Sang’won system in Middle Korea, is found near the contact (T’osan). The striking
fact is that the plane of stratification and the plane of schistosity differ distinctively?
(see Fig. 2).

The stratigraphic succession of the Sang’won system (T?osan—Ich’6n) is as fol-

lows® :
Phyllite Py
Kuhyon Series Limestone L,
Conglomeratic phyllite P,

Quartzite Q ,¥

Phyllite P,
Sadangmol Series{ Limestone L,
Ottrelite slate P,

Quartzite Q ,
Chikhyon Series ( Phyllite P,
Quartzite Q ;
.......... Unconformity..........
Gneiss (Blasto-mylonite)
The thickness of the quartzites and the limestones varies from place to place
along those horizons.

B. The Internal Construction of The Yonch’6n Metamorphic Group

The zone distribution of the several rock types
Every rock type occupies an area extending almost E-w, with zone-to-zone
changes from north to south. All rock types are casily distinguishable by eye in the
field.

The orientations of their schistosity planes and the existence of cyanite-andalu-
site deposits are shown in the following table.

7) Such facts are also often observed in the Yénch’6n metamorphic group (see Figs. 4, 7).

8) The correlation of the Sang’won system of several localities has been shown in: YamacucHi
(1943), Min. jJourn. of Korea, vol. XXVI, no. 4, p. 209.

9 Near Namjong-ni (a village between Kumch’on and Sibyon), I found one species each of
Monograptus and Cypridea in the sandy slate and limestone correlated to P; and L, respectively.
These fossils are well-known index fossils of Gotlandian Period.

The upper formation of the so-called Sang’won system in Middle Korea is therefore considered
to be Silurian.
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Zone (symbol) Strike and dip of
schistosity plane

Yoch’ok mica schist zone (Y) N70-90°w, 60-90°Nn

Sin’gok = zone I (SI) N70-90°w, 70-80°q

., 5 zone II (SII)1® ~N70-90°w, 70-80°N

" g zone IIT (SIII) N70-90°w, 60-70°N

Kyeho biotite-hornfels zone (Ke)  ~-E, 80-90°N
(Schistosity planes

generally less developed)

Huksok mica schist zone (Ko) N50-70°E, 50-70°s
Samgot granulite zone (Sa) N50-70°E, 50-70°N
Yanghap chlorite-schist zone (R)  ~50°&, 60-70°N

Boundaries of the zones
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Cyanite-andalusite
deposits

Few in the

eastern areca

None

None

Many

None

Some
None
None

Excluding the Yanghap zone, every zone shows transition from one to the other,
without any fault and within a short distance. In fact such a transition from the
highly metamorphosed zone SIII to the low metamorphosed zone Ke can be ob-

served on the road cut between Sin’gok and Kyeho-dong.

The boundary planes (between the zones) differ genetically from the schistosity
planes, although the two seem generally to be parallel. As seen in the occurrence of
the Ke zone in the eastern part, the boundary is serrate (see Fig. 3).

i SHit zone

ey e

.y e

2 Ke zovf‘isr__,wﬁ
A
o
s |
S =+="Ko zone

Fig. 3. Schematic Representation of the Serrate Countering of

Zones.

The plane of stratification of the original formation

and the plane of schistosity

The fact that the two planes generally differ from each other in the metamorphic

region is often evident in the zones Ke and Y (see Figs. 4, 7).

10) See Fig. 16.
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S--N8OW. 8ON. Coincides with the
general schistosity plane

On B, the two kinds of plane, Sand b, are shown in geometrical form extracted from A. The plane

b inclines gently as seen near the hammer on A.
Fig. 4.

The thickness of the zones
The common stratigraphic conception of thickness has no significance for the
metamorphic group because of the difference between the plane of schistosity and
that of stratification'”. However, since each zone has its own nature of metamor-
phism, the ““thickness of each kind of metamorphic zone” is shown in the following
table:

Thickness in meters

Zone Eastern part Western part
Y About 10,000 15,000

ST )

SIT | 4,000 4,000

SIII |

Ke 0 to 4,000 4,000

Ko 0 to 4,000 1,000

Sa 8,000 4,000

Total 28,000 28,000

Gyanite-andalusite deposits
These deposits are generally distributed only in the SIIT and Ko zones, which
have well-developed schistosity. The main deposits of large quantity and good
quality are found in the SIII zone. They surely have some close relation to the
remarkable metamorphism of the country rock.

1) The stratigraphic succession and thickness of the Yonch’sn system has been shown by Kawa-
sAKI (1918) as follows:

Upper Mica schist, phyllite 12,290 m
Ciyanite-bearing mica schist 2,260 m
Lower Amphibolite, hornfels 12,990 m
Quartzite, amphibolite
Total 27,540 m

But, in the writer’s opinion, these are the thicknesses of metamorphic zones.
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N
&)

Green schist and gabbro
Near T osan, the gabbroic intrusive rocks change to green schist similar to the
Mikabu green schist of Japan. Gabbroic rocks containing garnets are injected in
the form of sheets of tongues into the Samgot zone.
Faults
There are some parallel step faults striking almost N-s in the metamorphic re-
gion; these faults do not cut the granite BG. A few faults striking northeast cut BG.
The former are considered to have occurred simultancously with the metamorph-
ism, and the latter, after the metamorphism.

3. Petrology of Rocks and Ore Deposits

A. Development of Schistosity Petrofabrics or Gefiigekunde

| T e |
&

-

LEGEND
s Strike : NBOW
d ~-Dip : 7TON
b----Linear schistosity
e = 60
(ab)- Schistosity plane. aLb. cL(ab)
a, b, ¢ Petrofabric axis

Fig. 5. The Schistosity plane, Linear Schistosity and Petrofabric
Axis Prevailing Over the Yonch’dn Metamorphic Group.

(i) Linear schistosity®

Linear schistosity is found in the limestone of the Sangwodn system, and in the
rocks of the SI, SII, and SIII zones (Fig. 5). Throughout these zones, the inclina-
tion of linear schistosity is always about 60° on the plane of schistosity.

(i1) The system

The phyllite and the conglomeratic phyllite have phyllitic cleavage; the quartz-
ite Q, was disturbed and became angular blocks; and the limestone L, shows
ptygmatic folding and linear schistosity.

The Gefiigeregelung of the calcites in L, is shown in Fig. 6.

(iii) The Ydch’6k zone

The foliation is generally slaty or shaly, and no phyllitic cleavage is seen. The
term granulite’® may be preferable to schist as a name for the rocks in this zone.

Some rock has three kinds of cleavage and traces of the schistosity of the former
stage and of the original stratification (see Fig. 7).

12) The linear schistosity is indicated by symbol ““b™, one of the petrofabric axes which are used

as the co-ordinate axis in petrofabric analysis (Fig. 5).
13) According to Harker’s definition.
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Fig. 7. a,

KOREA

The ‘¢
around the axis

axis of calcite,
"o

LEGEND

100, tends to concentrate

on the latent shistosity plane(ab).

Fig. 6. 'The “Gefiigeregelung” of Calcite in the Limestone of the
Shogen System (South of Tosan).
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Fig. 7.b “Regelung” of Sericite
50 Poles of the Flakes.
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LEGEND LEGEND
3 e-3% [ e-3%
724 3 -a - >
B8R a-5
.l s

" " Ond " "
Einregeln  strongly to si and Sch, They show no character of "Regelung

weakly to sz, sa and b

Fig. 7.c  “Regelung” of Biotite 100 c-Axis.  Fig. 7.d ‘“Regelung’ of Quartz 150 c-Axis.

LEGEND
4-6%
[0 e-s
Il s
100 c-axis. 50 c-oxis.
Most of the biotites “Einrege]n” fo the schistosity The biotites show an inclination "Einregelung“
plane but some of them do also to $1,S2 8 53 to the schistosity plane but weok ones also to
unseen visually. Sz 8 Sz, unseen visually.
“Holbgirtel um b and “Spaltegiirtel um @™
L aore shown,
Fig. 8. ‘““Regelung” of Biotite in a Specimen Fig. 9. “Regelung” of Biotite in a Spe-
(No. 109) of the Yoch’sk Zone. cimen (No. 18) of the Yoch’6k Zone.

The Gefigeregelungen in the three rocks is shown in Figs. 7-9.

(iv) The Sin’gok zone

The linear schistosity is relatively weak in the Sin’gok I zone and relatively
strong in IT and III; in III, it becomes weaker when cyanite and andalusite appear
as constituent minerals.

The Gefiigeregelungen in 1, I1, and III are shown in Figs. 10-13.

(v) The Kyeho zone

In this zone the schistosity is not generally clear, but traces of the original
stratification are often found (see Fig. 4). Mica schists are sometimes intercalated.

(vi) The Huksok zone

The schistose cleavage is perfect but the plane of schistosity is often bent, and the
linear schistosity is not seen,
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%,

Wz

LEGEND

50 c-oxis.
Most of the biotites “Einregeln” to the schistosity
plane but some of them do also to (b c) weakly.

1-5%
5-9
m -

Fig. 10. “Regelung” of Biotite in a Spe-
cimen (No. 48) of the Sin’gok Zone L.

75 c-oxis

LEGEND

sern oy %
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The biotites "einregeln™ strongly to
the schistosity plane and (bc).
"Spaltegiirtel um b".

a)

“Regelung” of Biotite

100 c-axis
They "einregein” to (ab):"Gurtel um c"

|
|

b) ‘“Regelung” of Quartz
c)
The Texture Under the Microscope
§” sosnee Bedding plane of the original rook
- R Schistosity plane
In the broken circle........ garnet

The porphyroblasts are garnet and biotite,
and the groundmass consists of chlorite, seri-
cite and quartz.

Fig. 11. Ef(amples of “Gefugerégelung” from the Sin’gok II Zone.
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b)

“Regelung” of Quartz

G-schist in the Sin’gok III Zone (Specimen No. 32).

200 c-oxis (smaller grains 82, larger 112).
Apparently no" Regelung".

b)

“Regelung” of Quartz in the First Part (1)

LEGEND
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c) “Regelung” of Quartz in the First Part (2)

d)

“Regelung” of Quartz in the First Part (3)
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i) “Regelung” of Andalusite

f)

LEGEND
(2] 3-a9
a-s
N -

100 c-oxis.

Petrofabric axis of andalusite: X=c¢,Y=b, Zzq
No “Regelung” is shown about -the petrofabric
axis ond about the crystallographic axis of andalusite

“Regelung” of Quartz in the Second Part

]

LEGEND

100 c-oxis.

Most of them "einregeln” to s’.
“Spaltegiirtel um ¢

s'of h. coincides olmost with sy ofd.

h) ;‘Regelung” of Quartz in the Third Part

Fig. 13. A-Schist in the Sin’gok III Zone (Specimen No. 43).
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(vii) The Samgot zone

The cleavage is shaly and the schistosity plane is very platy, but no linear schi-
stosity is seen. The Gefiigeregelungen is shown in Fig. 14.

(viii) The Yanghap zone

The cleavage is phyllitic. No linear schistosity is seen.

(ix) The blasto-mylonite and the Augen-gneiss

The gneissic schistosity is not developed so clearly.

(x) The nature of the dynamometamorphism as interpreted from the Gefiigeregel-
ungen of the minerals.

Interpreting the Gefiigeregelungen shown in Figs. 8-14, the nature of the internal
movements in the rocks is summarized in Table 1.

g
LEGEND
s=(a'th l—s%
— B
25 c-axis.
Pertact “Regelung” to the sch.pl..

a) “Regelung” of Biotite in the Biotite-
Granulite Layer

-

150 c-axis.
Most of them “einregeln” to a'.

b) “Regelung” of Quartz in the Biotite-Granulite Layer Biotite layer

Fig. 14. Examples of “Gefiigereglung” from the Samgot Zone (Specimen).



222 KOREA

100 c-oxis.
The some "Regelung" as in the layer of biotite-granulite.

c) “Regelung” of Quartz in the Hornblende-Granulite Layer

Table 1. Internal Movements Caused by the Dynamometamorphism.

Conspicuous kinds of internal movement

Gliding of

schistosity Rotation Plattung Gliding of ~ Shearing of Differential
plane in the around nach plane (okl) & movement
Zone earlier stage b axis c axis (bc) (ok’l’) to a axis
Y Sericite Biotite Biotite Biotite Biotite
((+++)) ((++))  (++) (£) ()
Biotite (+)
((++))
SI Biotite Biotite
(++) (+)
SII Biotite Biotite Biotite
(+) (++) (++)
Quartz
[+]
SIIIg Biotite Biotite Quartz
(£) (++) {+)
Quartz
(+)
SIIIa Biotite Biotite Quartz Quartz
(+) {+-+) (+) (£)
Andalusite
(+)
Sa Biotite Quartz
(+++) (+)

(+++)....Verystrongly, (4++)....Strongly, (4)....Considerably, (4). ... Weakly geregelte.
Plattung nach c: c (( ))....Some cases.
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The characters of the internal movements in each zone may be summarized as
follows:

Y zone: The principal movement of Pldttung in direction c is not so strong and the
movements of several planes have some influence upon the Regelung of biotite. Some-
times, planes (okl) and (ok’l’) actually appear.

SI zone: The Plittung nach ¢ appears to have moved strongly and plane (bc) has
glided weakly.

SII zone: The types of Regelung of biotite show proof of the following move-
ments: rotation around axis b, Pléittung nach ¢ and gliding of plane (bc) which by
hammering can be made to appear. For quartz, the Plattung nach ¢ is much stronger
than the other movements.

Table 2. Mineral Assemblage.

N\ [

g % | £ 2P E Q99 % 9y PIYZ
b, %, | 2§ £ F 5 5 E 5§ 2 8 fifE %
% | 5 F 2 F R EFEEREE G
% ~ % ‘ 3 @ g _® -

% " . ®
y 1w | + + 4+ (+) +
» | 106 | + -+ +° ()
s | 8 + + +
2 | 88 e G A
» ,‘ 92 o g He
5 ‘ 18 s R s ol + =+
SI 15 sl L L +* [+] [+]
» | 48 |+ + +° [+] [£]
SIr | 53 4 4 o 4 [+] [+]
3 54 = =S S +° [+] [+]
SIII 26 + + + "y [+]
» 32 £ T+ o= [+]
» 39 I s +¢ 4 [+]
2 4'2 ’*’ 'Jl_ +O +° +o [“i"]
3 43 + + +0 +O _{__o +0 [+]
Ke 68 +  + 4+ [+]
5 72 + + + [+]
Ko 145 + + [+]
Sa 273 + + 4+
2 266 -+ £ = F [+]
2 250* +
3 )’** +
> 264 + oA S & [+]
3 | 262 | = == + 4 =+ +

J J

The specimens are arranged according to zones and from north to south.
+....much,

+ ... .less,

°....porphyroblast.

( )....relict.

[ 1....accessory.

Quartz is+in specimens other than no. 264 which is [+].

Tourmaline, magnetite or ilmenite, and zircon occur [+ ] in all the specimens.
* ... .biotite layer,

** .. .hornblende layer.
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SIII zone: “A-schist” shows very complicated Regelungen. The representative
Regelung of quartz is the one of the smaller grains in the first part: shearing of planes
(okl) and (ok’l’), and differential movements in direction a. The Regelung of biotite
informs us that the Plattung nach ¢ accompanied by micro-folding around b is con-
spicuous.

Sa zone: For biotite, the Pldttung in direction ¢ and the differential movement in
direction a for quartz is conspicuous.

(xi) General view on the internal movement in the metamorphic region.

The behavior of the Y zone shows considerable properties of a solid'¥. One sub-
zone of the S zone has the properties of both a solid and liquid. One subzone of the
Sa zone is almost liquid and less viscous.!® The Ko zone is considered to have
behaved in almost the same manner as the S zone while the Ke zone is a solid. The
Yonch’6on metamorphic group, therefore, is considered to have behaved more
liquidly toward the south.

B. Mineral Assemblage

In the metamorphic region, several index minerals appear and disappear zone-
by-zone and facies-by-facies'® (see Table. 2, Fig. 15).

In the Samgot zone, Ca0-bearing minerals are common. It is quite possible that
these rocks are the products of several kinds of contamination of some basic magma
into common argillaceous sediments!”. No relict of limestone was found.

Cummingtonite rocks!® are often found in the SIII zone.

C. The Modes of Occurrence of some Characteristic Minerals

(1) Ottrelite and Biotite in the Y Zone

In this zone there commonly exist relicts of ottrelite, whose shapes were gener-
ally so severely altered that the original shapes could not be discerned.

The porphyroblasts of biotite show rounded, spheritic forms with rotating or
recumbent micro-folded structures. The biotite, therefore, can be considered to
have been formed a stage later than the ottrelite and the minerals (sericite and
chlorite) in the ground-mass; the metamorphic process forming the biotite may be
a combination of two processes as follows:

Ottrelite+ K,O— Biotite
Chlorite+ Sericite— K,O— Biotite.

These formulas of the metamorphic processes are not a perfect representation

14) T assume when shearing by deformation occurs the material behaves as a solid, and when it
does not, it behaves as a liquid.

15) 'When the material is highly viscous, the biotite must show a rotating “Regelung”. The word
“highly viscous” means that the product of (viscosity) x (velocity gradient), is high. The larger the
product is, the greater the influence of the internal movement to the constituent minerals.

16) Barrow-Tilley’s classification of ““metamorphic® zone is suitable for this metamorphic group.

17) Refer to II. A. (i).
18) Cordierite-anthophyllite-garnet rocks exist in the Okchon system.
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but only indicate the succession of transitions. In the above processes, “+K,O0”
means some addition of K,O, that is, a positive metasomatism of K,O.

(2) Several Aluminous Minerals in the SIII Zone'?
(garnet, staurolite, cyanite and andalusite)
i. The distribution of schists within zone SIII is as follows (also see Fig. 16):

Schist Plane of schistosity
(m) 2M—Q Schist Silky luster; even
(g) G—2M—Q T
(s) S—G—2M—Q ,, Transitional
(c) CG—S—G—2M—Q ,, i
(a) A—C—S—G—2M—Q ,, Brownish ; micro-folded

Legend. Q...Quartz, 2M. . .Biotite and muscovite, S. . .Staurolite,
C...Cyanite, A...Andalusite, G...Garnet.
From (m) to (a), the amount of muscovite decreases and the amount of
biotite increases.

Yochiok | Singok I|simgok 1i| °S"8% M | kyeho |Hykssk | Samgot
m[(g]s]c]o
Ottrelite P e =
Sericite ——
Chlorite -
Biotite
Muscovite (Mus.)
| Garnet o s — - (Gar) | === sl
Staurolite (Sta)
| Cyanite (Cya)
Andalusite - (And)
Ca-minerals (Ca-m)

Fig. 15. Zone-distribution of “Index Minerals”.

ii. The modes of occurrence of the minerals are observed representatively in a-
schist. Two kinds of layers are found: in one mica is concentrated and in the other
quartz. These layers were perhaps separated by metamorphic differentiation.
Each layer is 0.3 to 1.0 mm thick, and folds around petrofabric axis b and is some-
times flexed along axis a. The garnet, staurolite, and cyanite often exist at the
flexure along axis a (Fig. 17).

The aluminous minerals occupy their own spaces in a very regular manner as
schematically shown in Fig. 18, with garnet and andalusite in the quartzose layer,
and staurolite and cyanite in the micaceous layer.

19) Subzone number III of the Sin’gok zone.
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Fig. 16. The Zone-distribution of Schists near Chin’gok-ni.
| § gy S-II  Garnet-biotite-sericite-chlorite-quartz schist
My &y 85 €5 Aiwowss S-11
m. Two mica-quartz schist
g Garnet-two mica-quartz schist
s. Staurolite-garnet-two mica-quartz schist
€ Cyanite-staurolite-garnet-two mica-quartz schist
a Andalusite-cyanite-staurolite-garnet-two mica-quartz schist
Dots show distribution of cyanite-andalusite-bearing veins.
b.  Basalt flow v. Alluvial
c.  Chingok-ni I. Imjing-gang

Fig. 17.
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Gornet
Staurolite and cyanite
Andalusite

Micaceous 10yer | gifferentioted by
Quartzose loyer, metamorphism

o 3 Puo

Fig. 18. Schematic Diagram of the Mode of Occurrence of Min-
erals in a-schist.

The interior of a-schist must be divided petrographically into three parts: (1) a
representative part which consists of cyanite, staurolite, garnet, micas, and quartz;
(2) the quartzose layer which consists of andalusite, cyanite, staurolite, garnet,
micas and quartz and (3) the micaceous layer, in which micas are abnormally
chloritized?®,

Each part is a 2-3 cm irregular mass.

iii. Microscopic structures of the minerals

Garnet  In thin section the garnet shows rounded hexahedrons, and is therefore,
considered to be a dodecahedron crystal. In general, it is accompanied by ab-
normal chlorite2® (Fig. 19). Its formative process, therefore, may be as follows:

Micas—abnormal chlorite—garnet

G - Garnet. Broken line is the "Gefigeregelung
nach korngestalt™ of quartz included in it .
ch Abnormal chlorite. J

Fig. 19. Garnet in a-schist.

It contains a considerable amount of small grains of quartz geregelt nach
Korngestalt® . This fact shows that the formation of garnet was accompanied by
some kind of movement??.

20) It has the relicts of cleavages of micas, is severely flexed, and is dirty yellowish-green. The

amount of optical retardation y-a is about 0.02.
21) The more or less elongated grains of quartz are ranged in the form of S-shaped “inclusion-

vortex.”
22) The movements can be considered to be rotation by differential movement (the writer, 1947)

or recumbent folding by compression (the writer, 1952).
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Staurolite It exists generally in contact with garnet. Staurolite is found in the
space of the micaceous layer while garnet is found in the space of the quartzose
layer (Figs. 17, 18). It shows twin-like intergrowths which is not the characteristic
twinning of staurolite. Its shape is irregular. It contains a considerable amount of
quartz geregelt nach Korngestalt in the schistosity plane and is sometimes continuous
to the inclusive-vortex in the neighboring garnet. Its modes of occurrence are

shown in Fig. 20.
Cyanite Its mode of occurrence is almost similar to staurolite (Fig. 21).

A. Staurolite (S) and Garnet
(G) in a-schist

Fig. 21. The Equal
Relation between
Cyanite (C) and
Staurolite (S).

Andalusite It exists as fragments in the quartzose layer. Sizes and shapes are
almost the same as the fragments of biotite. All the fragments in the area of about
200 grains of quartz in a thin section show an identical orientation. This fact may
show that the fragments of andalusite in this area are really from one crystal and
that the quartz and micas in this arca are its inclusions, the amount of which is so
large that the one crystal of andalusite was separated into many fragments. The
Gefiigeregelung of the biotite in the area is almost the same as in the first part (Fig. 13E).
The Gefiigeregelung of the quartz in the area shows no regularity (Fig. 13G, H).

The andalusite has a tendency for its prismatic plane to lie on the plane of schis-
tosity (Fig. 13I). It sometimes seems to have behaved in a way similar to the
staurolite (Fig. 22B). The andalusite is therefore considered to have been formed
simultaneously with staurolite and cyanite; the genetic difference seems to be the
field of recrystallization; the material, SiO,+ Al,O, (+Fe,O,), recrystallizes to
andalusite if in the quartzose layer, or recrystallizes to cyanite or staurolite if in the
micaceous layer. The modes of occurrence of the andalusite are shown in Fig. 22.
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A. Mode of Occurrence of Andalusite in a-schist

B - Biotits
A - Andalusite
M - ‘Mognetite

All the fragments
of A show strict-
ly the same

orientation

S Stourolite
A Andalusite

All constituents show fhe |
same wave-like arrangement. |

Ail the fragments of A
show strictly the some
orientation

D. Sequence of Mineral Formation, Progressive
Metamorphism and Metasomatism

(1) Metamorphic Progressions

As previously mentioned in C, the following metamorphic process can be viewed
as the most probable.

Micas—abnormal chlorite—garnet

The chemical relations of those processes are as follows:
i. For the process, micas—abnormal chlorite, subtraction of K,O is necessary.
it. The measured data of the chemical composition of micas, abnormal chlorite,
and garnet are shown in Table 3 and Fig. 23 (in molecular ratio).
Fig. 23 shows us the following five informative items:

The ratio of Al,O, to (FeO+ MgO) of the micas is larger than that of the soluble
component of the abnormal chlorite.

In Fig. 23a BCK is on a line.

The ratio of FeO to MgO in the micas and in the soluble component of the
abnormal chlorite is almost equal.

The ratio of AL,O, to (FeO-+MgO) in the garnet and the soluble component of
the abnormal chlorite is almost equal.
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(Fe,Mg)0

LEGEND

Biotite + muscovite
Soluble chlorite
Abnormal chiorite
C'-Al03, C*+Fe0—G
Garnet

Biotite

m Muscovite

9. Almondite

9 Pyrope

o qaoco

(FEO)

M
(MgO)

Fig. 23.

Chemical Relations between the Minerals.

Table 3. Chemical Relation between Mica, Abnormal Chlorite and Garnet.

Micas Soluble component
biotite + muscovite of abnormal Garnet
+quartz chlorite
Wt. % mol. ratio Wt. gm mol. mol.
ratio ratio
Si0O, 63.4
AL O, 14.4 37.8 32.8 0.30088 25.8 25
FeO 7.9 314 0.2554 38.3 47
MgO 4.3 30.8} 52.1 0.1342 35.9 28
K,O 6.2 15.1
Total 95.2 100.0 100.0 0.6984 100.0 100
Analyzed by the writer
1. In FeO, Fe,O, is included.
2. In K,O, Na,O is included. CaO is negligible.
3. Refractive index of the garnet is n=1.793; almandine: Pyrope==68:32 (mol. ratio).
4. The soluble component of abnormal chlorite was obtained by using dil. HCI to dissolve

the abnormal chlorite out of the powder from which magnetite had been previously
taken out by means of a magnet.

5. After 4, mica-quartz was separated by means of flotation in a heavy liquid (sp. gr. 3.0)
from the heavier minerals (garnet, staurolite, cyanite and andalusite).
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The ratio of FeO to MgO in the soluble component of the abnormal chlorite is
smaller than the one in the garnet. SiO, and H,O were not considered.

From the first three, 2M—K,0—-ch+ALO; .....
From the last two, ch+FeO—-G—-MgO .....
or, ch+ALO;+FeO—-G .....
From the first, ch’=ch+ALO, .....
The symbols used above are as follows:
2M .... Micas, ch’ .... Abnormal chlorite,
ch .... Its soluble component, G .... Garnet.

From these, the following conclusions were made: by means of the subtraction
of K,O, the micas change to a supermicroscopic aggregation of chlorite and per-
haps sillimanite?®. These supermicroscopic needles of sillimanite may migrate,
recrystallize, and form several aluminous minerals. The garnet is considered to be
formed under the process 6. It is clear in Fig. 23B that Al,O, derived from the
micas is present in larger amounts than are necessary for the formation of the
garnet:

2M—K,0+FeO—-G+ Al O,
(FGC” in Fig. 23B)

The source of +FeO may be magnetite in the schist. Al,O, may have recrystal-
lized as staurolite, cyanite, and andalusite. The process is summarized as follows:
Micas- Magnetite—K,O—Garnet+- Staurolite,

Cyanite,
Andalusite.
The K,O migrates into the outer part of the parent schist bodies.

Table 4. Migrating Materials and Products of Recrystallization.

Excess of Si0,...... C+Q...... (1)

some Si0,...... 5 SO— (2)
very little SiO,...... C+R ... 3)
no SiO,...... | SO 4)
recrystallization (SiO2 ) no excess of K,O
f Al,O
mus(c)ovite K:Os no excess of Al,O, ......ccovevnnnen. PPTT. Q +K,0...(5)
no excess of SiIO.............cocoeiiiin. R +K,0...(6)

I'inal mineral assemblages (Products of Recristallization):
)] (2) (3 @ 6 (®

M+C+Q M+C M+C+R M+R M+Q M+R

K,O in (5) and (6) migrates out far-away.

[ — Cyanite and andalusite & R Quartz

R...... Corundum I\, S Muscovite

23) This interpretation agrees with the fact that retardation y-a of the abnormal chlorite and
sillimanite is almost equal. This can be observed in several rocks in Korea.
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(2) Metamorphic Differentiation

As mentioned above, K,O must and Al,O; may migrate. SiO, and H,O are the
materials most likely to migrate?®. In the case where these materials migrate into
the fissures or cavities and recrystallize, the mineral assemblages are as shown in
Table 4.

All the final mineral assemblages are observed in veins or pockets in the schist
zone of SIII as stated in III, E.

(3) Other Examples of Metamorphic Differentiation

A rare example is cummingtonite-quartz rock found in zone SIII. This rock
is like a sheet or tongue, several centimeters thick, parallel to the schistosity of
the country rock, and is therefore considered to have been formed by dynamo-
metamorphism. It is primarily composed of SiO,, FeO, and MgO. It is therefore
possible that this rock was derived from the mica schist by the following process?® :

Micas—K,0—Al,O;—cummingtonite ... .. 10
(4) Progressive Metamorphism Accompanied by Metasomatism and
Metamorphic Differentiation

It can be summarized that two kinds of processes of progressive metamorphism
accompanied by metasomatism occurred in the two zones:

One was in zone Y,

ottrelite+ K,O—biotite,
chloritesericite + K,O—biotite,
The other was in zone SIII,
micas- magnetite— K,O—garnet+staurolite,
cyanite,
andalusite.

It is quite possible that K,O migrates from zone SIII into zone Y as one of
metamorphic differentiation.

(5) Some Properties of Biotite

The quantitative relation between biotite and muscovite and the quality of the
biotite seem to be related to the grade of metamorphism. The quantitative ratio of
the biotite to muscovite increases from m-schist to a-schist (III.C. (2). i.), The
refractive indices (8=7) of the biotites are as follows:

m- g- s- c- a-schist
1.625 1.625 1.625 1.627 1.629

The refractive index (8=7) of the biotites in each zone varies zone by zone:
zone Y SI SIT Ke Sa

average — 1.628 —— 1.625 —— 1.633 — 1.625 — 1.630
The relation between the value =y and the chemical composition has not
been clarified.
21) “Kieselsaure ist das mobilste Material bei der Metamorphose.” (Eskola: Entstehung der
Gesteine, p. 407).
25) In this process, subtraction of K,O and Al,O, occurred. In the zone of mica schist of the

Okch’6n system, (garnet)-anthophyllite-cordierite rocks are found. In such a rock, subtraction of
Al,O; is considered to have occurred imperfectly.
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Fig. 24. Modes of Occurrence of the Ore Deposits.
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Fig. 25. Synoptic Representation of the Situations of Minerals in Veins,
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Fig. 26. Some Minerals in a Small Quartz Vein.
Goopvun Garnet Ao Andalusite C...... Cyanite

g S g

Fig. 27. Cracks and Cyanite Flakes in a Crystal of Andalusite.

E. Cyanite-andalusite Deposits

(1) Deposits which are in the form of veins or pockets containing cyanite and
andalusite are one of the proofs of metamorphic differentiation (II1. D. (2) ).

The modes of occurrence of the minerals in the veins or pockets show some
regularity as shown in Fig. 24. This regularity can be diagrammed as in Fig. 25.

Sometimes small quartz veins containing garnet, cyanite, and andalusite are
found parallel to the plane of schistosity of the schist. In the schist in contact with
the small veins, almost no quartz exists (Fig. 26). This may be one positive example
of segregation by means of metamorphic differentiation. Cyanites are regularly
found in the relatively large crystals of andalusite (Fig. 27). This informs us that
the cyanites were formed regularly under a Plittung accompanied by shearing.
(2) The deposits are more concentrated in the eastern area of the Imjin-gang,
where the reserve of cyanite and andalusite was estimated to be about 300,000
500,000 metric tons.

As mentioned in the introduction, the residual blocks from the veins or the
pockets were collected during the first stage of mining; in the next stage, the veins
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or the pockets were prospected and mined. During World War II, the residual
blocks seem to have been exhausted?®.

4. Summary

1. Intheregioncovered by my study, I found no evidence supporting the proposal
that the Yonch’6n system is Archean. The original formations of this “system” may
be the formations succeeding the uppermost member of the Shogen (Sangwdn)
system in Middle Korea. The dynamometamorphism occurred simultaneously
with the injection of the porphyritic granite in the southern region. The plane of
schistosity differs distinctively from the plane of stratification of the original forma-
tion. I consider the name Yonch’on metamorphic group to be preferable to
Rensen (Yonch’on) system.

2. The Yonch’6n metamorphic group shows a well-developed zonal structure.
Each zone has its own characteristic metamorphism.

3. The metamorphism is a typical progressive metamorphism accompanied by
metamorphic differentiations (migrations of some materials) and metasomatism.
The principal dynamic factor of the metamorphism is Plittung.

4. The cyanite-andalusite deposits are one proof of metamorphic differentiation.

REFERENCES

Kawasaki, S. (1918); Mineral Resources of Chésen, v. 6 (North part of Kyonggi-do)
(J)-

Yamacucnr, T. (1941) ; Cyanite-Andalusite Deposit in the Rensen system, Chasen Kogys
(Mining of Korea), v. 8, no. 11 (J).

—— (1947); Analysis of Inclusion Vortex, Jour. Geo. Soc. Japan, v. 53, nos. 616-621.

—— (19524) ; Cyanite Deposit in Yokusen system, Geol. and Min. Resources of the Far
East,v. 1 (]).

—— (19528) ; Cyanite Deposit in Shogen system, Geol. and Min. Resources of the Far East
(J)-

—— (1952¢) ; S-shaped Curve of Inclusions in Porphyroblast and Role of Compression
in Schistose Rocks. Jour. Geo. Soc. Japan, v. 58, no. 680 (]J).

*%) After the Mining Law of Korea was revised (1941) until August, 1945, the mining and the
sale of cyanite (including andalusite, sillimanite, and corundum) was controlled by Chésen
Kogy6 Shinké Co. (Mining Promotion Company of Korea), but the actual working of the mines
was generally assigned to small-scale civilian miners. Because of the simple mining (requir-
ing only the collection of the residual blocks), the low cost of mining (5-10 yen/ton in 1941), and
the high selling price (100150 yen/ton in 1941), large profits were obtained in a relatively short
p;le’ric;)d. Accordingly, many civilian miners or brokers crowded to the cyanite mines to profit from
this boom.
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Introduction

Kotoite is a magnesium borate, Mg, (BO;), which occurs in abundance in the
country rock of the contact-type gold-bearing copper bismuth deposit in the Hol-
kol (Hol-gol) mine, Suan district, Korea. Since 1930 the writer has been studying
the geology and ore deposits of the Suan district, and in 1932 he noticed that the
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properties of the mineral did not correspond to those of any known mineral. In
1938, after further study of the ore of the Holkol mine, the writer determined the
mineral to be one which had never been found before in nature. He named the
mineral “kotoite” after the late Bunjiré Kotd, Professor Emeritus of the Univer-
sity of Tokyo.

The mode of occurrence of this mineral is interesting and important, not only in
studying the genesis of the Holkol deposit, but also for prospecting the deposit. As
Japan lacked boron resources in those days, the rock containing kotoite, a kind of
metasomatized rock called “kotoite marble,” came to be regarded as a boron ore.
The process of manufacturing borax from the ore was studied by members of the
Rescarch Institute of the Hitachi Manufactory, and the attempt proved successful,
not only experimentally, but also industrially. Thus, the deposit came to be
mined more actively for boron.

Although the studies reported in this paper were first published in the “KaTo
Commemoration Volume,” the writer has added some recent findings to bring the
study up to date.

The geology and mineralogy in the district were first studied by Kotd (1910)
and later by TaMURA and Tsurumaru (1915), Hiceins (1918), MAcLAREN (1915),
and SHANNON (1921 A, B) and many important facts were brought to light by them.
The writer has continued his study of the remaining details of the problem. He is
greatly indebted to the late Professor T. Kato for his constant encouragement and
guidance in the course of the work. He is also indebted to Professors K. UwaToko,
J. Suzuki, and Z. HaraDpA of Hokkaidd University for their valuable suggestions
and help during the time when he was on the staff of that university; fortunately,
with their support, the writer had many opportunities to visit the type locality and
was able to continue his study for a number of years. The study on kotoite was
accomplished under the direction of Prof. P. RAMpOHR, director of the Institute of
Mineralogy and Petrology, Berlin University, while the writer was in Berlin as a
student sent abroad by the Ministry of Education in 1937-1938. The writer is
indebted to Prof. P. RaMpoHR and Prof. H. STrRUNZ for their great help and he is
also indebted to Prof. W. ErTEL for his kindness while a part of the experiment
was being carried out under his direction. In later years, when kotoite came to
be regarded as a boron ore, the writer was aided by grants from the Fifty-seventh
Special Committee of the Association for the Promotion of Science, Japan, to
make a more detailed study on the Holkol deposit, than he had been able to do in
the past.

During the field studies, the writer was afforded many facilities by the mine.
Thanks are due especially to Mr. J. Nakamura of the Holkol Mining Office, Hoko
Mining Co., Ltd., as well as to the men and officials of the mine for their kindness.
The writer also wishes to thank Mr. T. Yosuioka and Mr. S. Mivacr of the
Research Institute of the Hitachi Manufactory, Mr. Y. TAMURA of the Osaka
Industiral Laboratory, Prof. S. Nacar of the Engineering Department of Tokyo
University, Mr. H. INuzuka of the Institute of the Tokyo Shibaura Electric Co.,
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Ltd., Mr. T. Asavama of Kyoto University, and Mr. E. AsHipa, chief of the Kana-
gawa factory of the Takeda Chobei Shoten, for their kindness in supplying data for
analysis of the kotoite-marble.

The study of the X-ray analysis of kotoite was completed by Mr. R. SADANAGA
at the Mineralogical Institute, the University of Tokyo, by courtesy of Prof. Ito.
As their fndings are cited in this paper, the writer wishes to express his grateful
thanks to Prof. ITo and Mr. SADANAGA.

1. Progress on the Study of Kotoite

Early in the summer of 1930, the writer spent about two and one-half months in
the Suan district, making a general survey of the area. The ore body, which was
actively being worked in Holkol at that time, is a large ore pipe and was called the
“new body,” i.e. the present “north body.” As the mineral association of the ore
is both complex and interesting, the writer reported on it in the Journal of the
Geological Soctety of Japan in 1933. In this report, the writer described an altered
magnesian limestone which composes the country rock of the deposit and noted the
existence of a fine-grained mineral which bears some resemblance to forsterite,
showing a very small 2 V. This mineral is the kotoite described below.

The kotoite, as described on a later page, occurs as very fine crystals, and its
optical properties are very close to those of olivine and diopside, so that they can
hardly be distinguished from one another when the section is observed under an
ordinary microscope; The mineral might be recognized as nearly uniaxial or
biaxial with a very small 2 V if it could be observed successfully at a high magnifi-
cation. As the writer did not obtain the conoscopic figure at the beginning of the
study, he considered the mineral a fine-grained forsterite which occurs usually as
relatively coarser crystals in the same rock. After the writer observed the interfer-
ence figure under the high-powered microscope, he noticed that this mineral was
different from the coexisting forsterite. Upon further study, its refractive indices
were measured by using the immersion method. No known minerals correspond-
ed to it, however, and judging from the mineral association, he assumed it to be
a silicate mineral rich in magnesia, probably either clinoenstatite or pigeonite,
which were being discussed at that time. He had many doubts about this assump-
tion, because such an occurrence of these pyroxene had rarely been reported from
the contact metamorphic rocks which contain forsterite; in addition, the mineral
was observed to be so unstable, compared with forsterite, that it had completely
decomposed by secondary alteration while the forsterite remained unaltered.

The writer again visited the Suan district in 1931, and consulted with his pro-
fessors and seniors, but final determination of the mineral was impeded by the
difficulty of isolating a pure sample of the fine-grained crystals.

While the writer was studying in Berlin in 1937-38, he studied the ore from the
Suan district and attempted to describe it. He also intended to study the as yet
undetermined mineral. At that time, Dr. Hugo STRUNZ, assistant at the Institute,
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was engaged in an X-ray study of silicate minerals. He was especially interested in
clinoenstatite-enstatite relationships, namely, the structural problems of both the
rhombic and monoclinic pyroxene, and had collected various specimens. The
writer considered this convenient for judging the undetermined mineral from Suan
and attempted to separate a pure sample of the mineral from the ore by using the
heavy-solution method. He obtained a large amount of Clerici solution, and a con-
siderable amount of the pure sample was obtained. Using the powder method, an
X-ray photograph of the mineral was prepared. By comparing it with the photo-
graphs of pyroxeses, the writer determined that the mineral was entirely different
from the pyroxene group. Almost simultaneously with this examination, the writer
attempted a preliminary quantitative analysis of the mineral in order to determine
what chemical composition it would have if it were a member of the pyroxene
group. As a result of repeated analyses, the writer recognized that the silica content
of this mineral was very low, which was quite unexpected. Until that time, the writer
had supposed it to be a kind of silicate mineral, so he was afraid that he had erred
in preparing the sample and examined the separated material under the micro-
scope. In addition, he observed the flame reaction of a dissolved solution of the
sample. Upon testing the flame coloration of the product resulting from the
quantitative analysis for silica, he found a remarkable green color. This unexpected
fact attracted the writer’s attention, so he investigated the cause. He first tested a
part of the sample to see whether it showed a green flame reaction or not. In order
to accomplish this he tried to wash out completely the Clerici solution from the
sample, because the heavy solution contains T1 which produces a green flame
coloration. But strangely enough, the green color could not be removed, no matter
how many times the sample was washed. Therefore, the writer could not deny the
existence of another material which produces a green flame reaction.

From that time the writer considered the possibility of the presence of boron;
judging from the existence of ludwigite in the same rock, he should consider that
the mineral was a borate mineral.

He resolved to complete the entire analysis of the separated material. The optical
constants and specific gravity were measured, and the presence of boron and
magnesium was confirmed. Thus, optically, the mineral came to be recognized as
having no known corresponding boron minerals, and the writer decided to com-
pare it with artificial borate.

In March of the same year he found, through Grorn’s “Chemische Kristallo-
graphie,” mineral properties which almost coincide with those of magnesium
ortho-borate, which were measured previously by MaLLarp. Thus, the mineral
was postulated to be a new mineral whose occurrence in nature had not yet been
noted.

Accordingly, in addition to carrying on the complete quantitative analysis of the
mineral, the writer decided to synthesize magnesium borate, as EBELMAN had done,
in order to identify it by X-ray with the mineral.

After succeeding in synthesizing the artificial crystal, an X-ray photograph of'its
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powder was compared with that of the mineral from the Suan district, which had
been phtographed in February. In April 1938 the writer confirmed the coincidence
of the two X-ray photographs. Soon after that, the chemical analysis was also com-
pleted, and, based on its chemical composition, the mineral was confirmed as mag-
nesium ortho-borate.

From these data, the writer identified it as a new mineral and named it “kotoite”
after Prof. Bunjird Koro, the “father of Japanese geology,” who was the first to
publish detailed descriptions of the rocks and minerals from the Suan district,
especially those of the Holkol deposit.

In the summer of 1938 the name kotoite was made public before the meeting of
the Mineralogical Society of Germany held at Graz, Austria (WATANABE, 1939
A,B).

Though the writer endeavored with Dr. STRUNZ to continue X-ray studies of the
artificial crystal, they were not completed during his stay in Germany. However,
the study was continued by SApanaca of the Institute of Mineralogy, University of
Tokyo, who recently reported their results.

In addition, the writer recognized the existence of kotoite in a rock specimen
from Rézbinya, Romania, during his study on kotoite. The writer received a
magnesium borate mineral and in the course of the study compared it with a
fibrous borate mineral contained in a rock from Holkol in order to confirm wheth-
er the latter is szaibelyite or not. He noticed the presence of many crystals within
the section of the former which correspond to those of kotoite. Immediately after
that, the writer separated it from the sample and examined it by X-ray, using the
powder method, and found that the X-ray photograph of this mineral coincides
with that of kotoite.

The mineral szaibelyite was first reported by PeTERs in 1861, and specimens
were distributed among the museums in Europe and America. Nevertheless, the
presence of kotoite had not been noticed, probably due to the fineness of kotoite
in the rock and to the close resemblance of the optical properties of this mineral
to those of forsterite or pyroxene. The old photomicrographs in Prof. Kord’s
paper (1910) indicate that he regarded the kotoite from Holkol as diopside.
Both Hiceins (1918) and SuannNoN (1921a,8) seem to have overlooked this
mineral, describing it only as diopside. Though kotoite is now known to
occur at only two localities. Holkol and Rézbénya, it is highly possible that it
may be found in other regions which have geologic conditions similar to those of
the two localities.

In the summer of 1939 and the spring of 1941, after the discovery of kotoite, the
writer visited the Suan district and made a detailed investigation of both the surface
and subsurface of the Holkol mine. Upon examining the distribution and mode of
occurrence of kotoite, the writer found that there is a large reserve of the mineral,
and that the genesis of the Holkol deposit is closely related to the formation of
kotoite.

The writer took up the consideration of industrial uses of kotoite because of its
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abundance and its relatively simple, homogeneous chemical composition. In 1938
these views were sent from Berlin to Dr. Benzo Katsura, adviser to the Holkol
mine, but the opportunity for industrial utilization of kotoite did not present itself.
Later, in July 1949, Mr. Tésaku YosHioka of the Hitachi Institute read the writer’s
paper to the late Prof. Shintaro NAkAMURA, who perceived the possibility of
utilizing kotoite in the glass industry, which was then running short of raw mate-
rials. At that time, Japan imported all her boron materials, especially from the
United States, Chile, and Argentina. Most Japanese were little concerned with the
boron resources, but the Hitachi group began to study this problem almost two
years before World War IL.

When the writer reported the existence of kotoite before the meeting of the
Mineralogical Society held in Graz, the petrographer, Dr. H. StirzEL, who was
present at the meeting, stated his views as follows: when magnesia bricks or
magnesia clinkers are used for flooring and wallboard in the steel industry, boric
acid is often mixed into them, and as a result, their tendency to decompose, a defect
of magnesia firebrick as flooring and wallboard material, can more or less be
rectified; this suggests the possibility of the production of a high temperature
compound which might have a chemical composition similar to that of kotoite.

2. Mode of Occurrence

A. Holkol mine,» Suan Hwanghac-do, Korea (WATANABE, 1943)

1. History of the mine; general views on the geology and ore deposits:

The mine has long been known as the Suan gold mine, the oldest gold mine in
Korea. It was opened on a large scale by the Americans and the English about
40 years ago. The name “Suan gold mine” is a name which, in early days, included
several mines around Onjin-san. The present Holkol mine was also called Suan
mine because it is located in the center of the claim. The principal area of develop-
ment was the Namjong-ni deposit, a branch of the old Suan mine, and in about
1928 the claim was divided into two arcas, the Holkol mine in the north and the
Namjong (Tul-Mi-Chung) gold mine in the south. The historic name of the Suan
gold mine was assumed by the newly-developed Namjong (Tul-Mi-Chung) mine,
which was being operated by the Japan (Nippon) Mining Co., and the Holkol
mine was given a name of its own. In 1928 the Holkol mine belonged to Chong-un
Chong and three others, but after 1932 it was managed by the Japanese. More
recently, the mine was worked by the H6k6 Mining Co., Ltd., and gold, silver,
copper, tungsten, and boron were mined.

The office and ore-dressing plant of this mine were located at Soktal-li in the
upper reaches of the U-gang, a branch of the South Taedong-gang. The principal
mining area is Pogwang-ni, which is also known as Holkol, about 2 km south of
Soktal-li. This region can be reached by truck in five to six hours by way of Sang-

1) The mine is called “Kotsudo” in Japanese and “Holgol’” in Korean.
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won and Yul-li from P’yongyang or Chunghwa stations on the railroad between
Seoul and Sinuiju. Locally, the road runs across an abrupt area.

The geology of the area near the mine will be briefly described. As shown in the
sketch map of the geologic structure (Fig. 1), Pre-Cambrian formations are widely
distributed in the Suan district; especially in the Holkol region where Holkol dol-
omite, which consists chiefly of dolomite of the Shidogu series, the middle Sangwon
system, and Suan shale, which corresponds to the Kuken series, is found. These
sedimentary rocks are intruded by Suan granite, which is considered to be re-
presentative of the Pulguk-sa igneous activity which took place during the Late
Mesozoic. The rocks of the Sangwon system have been intensely metamorphosed,
and various kinds of thermal metamorphic rocks were formed around the contact,
In addition to the Namsan gold-copper-tungsten deposit northwest of Soktal-li, the
important ore bodies of the main working deposits in the Holkol mine are the
pyrometasomatic gold-copper deposits. There are three important ore bodies, in
the east, west and north.

The East ore body is vertical and extends from east to west along the contact
between the Suan granite and the Holkol dolomite, forming skarn composed
chiefly of diopside, tremolite, phlogopite, and minerals of the chondrodite group.
It also contains native gold, bornite, chalcopyrite, pyrrhotite, bismuthinite, and
several other minerals. In the thermally metamorphosed crystalline dolomite sur-
rounding the skarn, we can find such borate minerals as ludwigite and kotoite.

The West ore body comprises two types of deposits; one is the skarn type, similar
to the east ore body, and the other is the mesothermal metasomatic type. The west
ore body is 60-100 m west of the east body. The deposit along the contact with the
Suan granite is of the skarn type, similar to that of the East ore body. The deposit
along the Holkol fault west of the Holkol valley and that contained in its crush
zone show a dip and strike similar to the fault which strikes north to south and dips
55-60° east and contain two types of deposits, the skarn type and the mesothermal
type, both of which occur in the metamorphosed dolomite. Ludwigite and kotoite
have been found in the country rock of the skarn deposit, though only on rare
occasions. The mineral association in the skarn ore is nearly the same as that of the
East ore body. The mesothermal-type ore, on the other hand, has no skarn mine-
rals, but some traces of replaced dolomite of the crush zone remain. Metallic
minerals, other than chalcopyrite, contained in the ore are tetrahedrite, sphalerite,
and galena, and the silver content of the ore is somewhat higher than that of the
skarn ore.

The north ore body is located about 30-60 m north of the other two ore bodies,
and it occurs as an ore pipe completely surrounded by dolomite.

Both the east and west ore bodies were found in the early days of the develop-
ment of the mine, and mining began with the outcrops. The discovery of the North
ore body, on the other hand, took place relatively late; that is, it was found by a
Korean in the tunnel after the time of the foreign management and was for a time
called “new ore body,” or Pae-kum-kaeng (white metal tunnel) ore body, be-
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cause of the large occurrence of white minerals, native bismuth etc., in the ore. It
has become the most important ore body of the Holkol mine. The country rocks
widely distributed around the ore body are dolomite-marble (crystalline dolomite)
and brucite-marble. A marble-like metamorphic rock which contains kotoite
and calcite as the principal mineral constituents is always found near the ore
body, and the skarn consisting of diopside, phlogopite, clinohumite, etc., which
may be regarded as a gold-copper ore, is completely surrounded by it.

Thus, the metamorphic rock which consists of kotoite and calcite, has been
formed by replacing dolomite by the B,O; in a pneumatolytic process whereby
the deposit was formed. As the rock resembles ordinary marble, it will be called
“kotoite-marble.” In other words, the North ore body is a composite ore pipe of
kotoite-marble which includes diopside skarn. This pipe stands like an inverted
funnel, somewhat thick in the lower part and thinning out in the upper (see
Fig. 2).

The relationship between the diopside skarn and the kotoite-marble is quite
complicated and shows irregular boundaries, as seen in Fig. 3. However, the skarn
is found almost in the center of the ore pipe, though it branches in three directions
in the lower part. Specimens which exhibit the relationship of the three zones, that
is, the dolomitic marble, kotoite-marble, and diopside skarn, are rarely found, but
they can be collected from the margin of the ore body (see Fig. 4).
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Fig. 2. Block Diagram of the North Ore Body of the Holkol Mine, Suan.

A. Dolomite-marble
B. Kotoite-marble
C. Gold-copper-bismuth ore (Diopside Skarn)
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K: Kotoite-marble

L: Ludwigite

R: Reaction zone between diopside skarn and
kotoite-marble

D: Diopside-clinohumite-skarn containing

i;{,_‘ L \ gw \% v 1 gold and copper

Fig. 3. Underground Photograph Showing the Relation between Gold Copper-bearing Diopside
Skarn and Kotoite-marble.

.

Fig. 4. Zonal Arrangement of Diopside Skarn (SK) Kotoite-marble (K) and Dolomite (Do).

Small branches of diopside skarn, round masses, or small lenticular bodies of
skarn, as shown in Fig. 6, are irregularly distributed within the kotoite-marble, and
almost all of the metallic minerals are contained in the skarn. Therefore, the gold-
copper mine is being worked by following the diopside skarn.

The metallic minerals of the north ore body are native gold, native bismuth,
bismuthinite, pyrrhotite, cubanite, chalcopyrite, bornite, and other sulfides of
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bismuth or copper. As this mineral association was considered very interesting, it
has already been partly reported in detail (WAaraNaBe; 1933, 1943) and needs no
further description here. In the upper part of the ore body, the associated minerals
are usually poor in iron, and the ores contained in white diopside skarn are chiefly
bornite and chalcopyrite; the ludwigite content of the kotoite-marble around
the ore body is relatively small. In the lower part, on and below the 300 m level,
the associated minerals gradually become rich in iron, and the association of such
minerals as pyrrhotite, cubanite, chalcopyrite, and valleriite can be seen in many
places; at the 210 m level, the ore becomes chiefly cubanite and the bornite content
decreases. At the 180 m level the kotoite-marble contains a large amount of lud-
wigite, the diopside skarn is tinged with green, and the iron content increases
slightly.

Fig. 5. Reaction Zone (R) between Diopside Skarn (SK) and Kotoite-marble (K).
(In this zone occur fluoborite, ludwigite and clinohumite.)

Fig. 6. Nodular Masses of Diopside Skarn (SK) with Ludwigite (L)-zone
in the Kotoite-marble (K).
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The relationship between the kotoite-marble and the diopside skarn, as already
mentioned, is generally distinct; however, as seen in Figs. 5 and 6, a transition zone
several millimeters wide occurs between them as if it were a kind of reaction zone.
The mineral association in this zone differs from that of the kotoite-marble. It
consists of fluoborite, szaibelyite, clinohumite, ludwigite, calcite, etc. The kotoite
near this zone has been decomposed showing that the mineral was unstable at the
time the zone was formed.

Judging from these relations, the writer thinks the kotoite-marble was formed
earlier than the reaction zone and the formation of the skarn continued for some
time after the formation of the kotoite-marble, because the diopside skarn has
some branches which extend into the kotoite-marble. However, as the skarn body
is always found within the kotoite-marble, they are closely related, and were
possibly formed in succession, even though the stages during their formation may
differ somewhat.

2. Kotoite-marble:

The kotoite-marble as described before, does not differ greatly in appearance
from ordinary dolomite-marbles; however, it is somewhat hard and compact,
and is difficult to crush even with a hammer. Because this rock appeared to be
harder than ordinary dolomite, it was often said that the Holkol dolomite had
been silicified around the ore bodies. The rock is generally white to pale yellowish
brown, and sporadic black specks of ludwigite are often observed. In proportion
as the clinohumite content of the rock increases, the yellowish brown color of the
rock becomes progressively deeper, and brown to dark brown thin bands, com-

Fig. 7. Sketch showing the boundary between Kotoite-marble (K) and Crystalline Dolomite (Do).

Streaks and lenses consisting of forsterite and calcite in the dolomite-marble and kotoite-
marble, corresponding to the original siliceous layers of the dolomite.

The forsterite has been formed by thermal metamorphism due to the reaction between impure
silica and magnesia originally found in dolomite.

Near the forsterite is usually well developed newly formed calcite.

The kotoitization took place in the later stage of thermal metamorphism.
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poscd chiefly of forsterite, clinohumite, warwickite, and spinel are often found in
the rock.

If the kotoite-marble is polished for a considerable length of time, the calcite of
relatively low hardness may be rubbed off and the harder materials, such as grains
of kotoite and tabular crystals of forsterite, will exhibit a distinct relief. From the
polished specimen, one can perceive as shown in Fig. 7, that the forsterite of the
kotoite-marble is distributed in the silica-rich impure zone of dolomite and, there-
fore, this mineral must have been formed during the recrystallization of the rock.

The boundary between kotoite-marble and the surrounding crystalline dolomite
is often so indistinct that it is generally not traceable at underground; but it can
clearly be observed on polished sections. Also observable is the boundary that cuts
across the bedding planes, along which the forsterite is arranged. This suggests that
the formation of forsterite was completed before the kotoite-marble was formed by
pneumatolysis.

To distinguish between kotoite and calcite in kotoite-marble is almost impossible
with the naked eye; however, if the rock had been exposed for a long time, the
kotoite would be weathered and would change into a secondary mineral which
is white and powdery, and could be recognized by careful observation, as innu-
merable fine spotty minerals (szaibelyite). Therefore, in order to confirm the pres-
ence of kotoite in kotoite-marble, it is necessary to observe a thin section under the
microscope.

Under the microscope, the kotoite-marble exhibits a texture like that of pen-
catite or predazzite (WATANABE, 1935), which are known to be formed by the
thermal metamorphism of dolomite or of periclase marble. But instead of periclase
or brucite one finds a granular mineral which is about 0.1-0.15 mm in diameter,
is highly birefringent, and is surrounded by a somewhat coarser mosaic of calcite.

This fine crystal, as mentioned previously, bears some resemblance to olivine or
pyroxene, but a detailed investigation will disclose many differences between
them. When the crystal is very fine, the cleavages are not distinct, but when some-
what coarse, it shows distinct cleavages on fairly thin sections, and extinction is
straight and parallel to the c-axis. When the section is perpendicular to the c-axis,
the cleavages (110) are clearly seen to cross each other at an angle of about 60° and
the extinction is not parallel (Fig. 8).

Kotoite crystals are usually somewhat rounded, but hypidiomorphic crystals
with developed faces are common. The arrangement of kotoite in kotoite-marble
is shown in Figs. 8, 10, 11, and 12; a few dozen neighboring fine crystals are
distributed with the same orientation and extinction, as can be seen almost simul-
taneously under crossed nicols. The space between the kotoite crystals is filled
with calcite mosaic which is somewhat coarser than kotoite. The composing ratio
of the two minerals measured on thin sections is not very different in any portion,
i.e. the volumetric ratio of kotoite to calcite is nearly 2:7. This ratio shows a
genetically restricted value, so the occurrence of a rock consisting completely of
kotoite cannot be expected in the dolomite-contact zone. For the same reason, the
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Fig. 8. Photomicrograph of the Kotoite-marble
(Notice the cleavage in kotoite grains.) x 60,
K: Kotoite ja: Calcite

)

Fig. 9. Ludwigite in Kotoite-marble x 30.

(In the arca of calcite surrounding the ludwigite granular kotoite is not usually found.)

Fig. 10. Clinohumite in Kotoite-marble
(%90, crossed nicols).
K: Kotoite Ca: Calcite h: Clinohumite
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ca
Photomicrograph of Kotoite-marble from Holkol
(%90, crossed nicols).
K: Kotoite Ca: Calcite

Fig. 11.

e N ‘( 'P
Fig. 12. Photomicrograph of Kotoite-marble from Rézbanya, Romania
(%90, crossed nicols).
K: Kotoite Ja:  Calcite Sz: Szaibelyite

volumetric ratio of periclase to calcite in periclase marble and that of brucite to
calcite in pencatite or predazzite exhibit similar conditions. These ratios are also
within the limits of 2:7 to 3:7.

In addition to the above-mentioned two minerals, several accessory minerals are
contained in kotoite-marble. The important ones are forsterite, clinohumite,
spinel, such borate minerals as ludwigite, suanite, warwickite, and a few other sul-
phide minerals. In order to study the composing ratios of minerals in kotoite-
marble, two typical thin sections were selected, and the results of study by using
the Rosiwal micrometric method are presented as (17) and (18) in Table 1. The
results of the chemical analyses of kotoite-marble are also given in Table 1. These
results, especially when comparing the values of (19) with those of the chemical
analyses, show that the value for the kotoite-marble cannot be more than 14.19
per cent.

Each component mineral of the rock will be described briefly as follows:

Kotoite : This mineral is usually found as fine-grained and allotriomorphic crys-
tals about 0.1 to 0.15 mm in diameter; attaining a maximum diameter of 0.5
mm. Occasionally it occurs as hypidiomorphic crystals with well-developed faces.
Other properties of this mineral will be described later in detail.
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Table 1. (a) Chemical Analyses of Kotoite-marble from Holkol.

No 1 2 3 4 5 6 7 8 9
4 - - _ - _
Si0, 3.56 3.38 2.56 14.24 3.60 2.46 3.64 2.71 2.24
TiO, n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.03 n.d.
Al O, 0.21 0.21 0.09 0.31 0.32 0.07 — 0.67 0.48
Fe,O, 0.31 0.29 0.23 0.37 0.46 0.29 0.26 0.27 0.62
MnO n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.05 n.d.
CaO 34.10 34.72 33.50 34.02 3424 3442 33.94  33.23 33.43
MgO 21.28  20.30  21.62 14.52 21.20 22.68 21.14 22,66  24.32
B,O, 11.98 10.59 14.63 7.36 12.02 12.71 12.39 12.49 12.28
K,O n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.05 n.d.
Na,O n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0.63 n.d.
F tr. tr. tr. tr. tr. —- tr. n.d. n.d.
Ig. loss  27.82 29.78  27.10  28.38  27.42 27.90 27.54¢  27.4l 26.76

Towl 9926 9927 9973 9920 9926 10053 9891 10020 100.13

No. 10 11 12 13 14 15 16 17 18 19

o d N - — - - 2.86 2.877 2.86 2.85 (cal.)-
SiO, 7.64 511 198 296 2.98 239 363 20 2.2 —
Ti0, n.d. nd. nd. nd. nd. nd. nd. —_— — —-
Al O, 1.55 0.14 0.22 0.68 1.10  0.82 0.4 0.4 —
Fe, O, 0.25 1.08 0.65} 001 0.80 025 033 238 1.1 —
MnO n.d. nd. nd. nd. nd. nd. nd. — — —
CaO 34.73 29.26 34.01 33.70 32.03 34.90 34.43 39.2 384 34.28
MgO 23.93 28.01 25.00 15.75 21.58 22.18 22.75 17.3 188 24.64
B,O, 9.83 9.60 11.3¢ 11.26 15.12 9.50 9.39 83 9.0 14.19
K,O n.d. nd. nd. n.d. n.d. - — —
2.06 0.42
Na,O n.d. n.d. n.d.} n.d.} n.d. — — —
F n.d. nd. nd. nd. nd. nd. nd. — - -
Ig. loss 21.76 26.89 26.69 34.21 26.86 29.23 28.71 30.0 30.1  26.89

99.69 100.09 99.89 100.55

100.05 99.97 100.06

100.00 100.00 100.00
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(b) Mineral Composition of Kotoite-marble (Percentage by weight; calculated values)
No. 1 2 3 4 5 6 7 8 9
Calcite 60.7 61.9 59.8 — 61.1 61.4 60.6 59.3 59.7
Kotoite 32.5 28.8 33.8? — 32.5 34.5 33.7 34.1 33.2
Ludwigite 0.5 0.5 0.6 — 0.8 0.5 0.5 0.5 1.1
Forsterite 8.3 7.9 6.0 — 8.4 5.8 8.5 6.3 5.3
Spinel 0.3 0.3 0.2 — 0.4 0.1 — 0.9 0.7
Total 102.3 99.4 100.4 —  103.2 102.3 103.3 1011 100.0
CaO (Mol. rat.) 1.15 1.23 1.11 1.68 1.16 1.09 1.15 1.05 1.00
MgO® 7 ) B - -
No. 10 11 12 13 14 15 16 17 18 19
Calcite 49.5 61.2? 60.7 60.1 57.2 622 614 695 685 61.17
Kotoite 26.7 256 30,5 308 408 258 254 214 239 3883
Ludwigite 0.4 1.9 1.2 1.4 0.4 0.5 3.2 1.9 —
Forsterite 17.9 12.0 4.6 6.9 7.0 5.6 8.6 5.3 5.1 —
Spinel 2.2 0.2 0.3 — 1.0 1.5 L) 0.6 0.6 —
Total 96.7 1009 973 97.8 1074 955 97.0 100.0 100.0 100.0
Cart) (Mol. rat.) 1.04 0.75 0.98 1.55 1.06  1.13 1.09 1.63 146 1.00
L — ,
(1) Kotoite-marble 182-m level, north ore body
(2) Kotoite-marble Do.
(3) Kotoite-marble North drift on 212-m level north ore body According to
(4) Kotoite-marble (Contains impurities) 212-m level, north ore body ~ Yamazaki and
(5) Kotoite-marble No. 4 breast, 303-m level, north ore body Yamada
(6) Kotoite-marble No. 4 breast, 242-m level, north ore body
(7) Kotoite-marble No. 4 breast, 273-m level, north ore body
(8) Kotoite-marble North ore body; analyzed by the Ceramic Inst. of the Dept. of Commerce
and Industry (According to Mr. Tetsuji AsavAMA)
)
(10) {Kotoite-marble North ore body; according to Prof. Shoichiro Nacar of the Engineering
(11) Dept., Tokyo Univ.
(12) ,
(13) Kotoite-marble 1,000-shaku level, north ore body. (Analyzed by the Takeda Chébei
Shoten)
(14) Kotoite-marble North ore body; analyzed by the Inst. of the Hitachi Manufactory.
(15) Kotoite-marble (S. 1563); 1,000-shaku level, north ore body. (Analyzed by the Industrial
Inst. of Osaka)
(16) Kotoite-marble (S. 260); north ore body; analyzed by the Matsupa Inst.
(17)  Kotoite-marble (8. 260); north ore body; computed value by RosiwaL method.
(10 shaku=3.03m)
(18) Kotoite-marble (S. 839); north ore body; computated value by Rostwar method
(19) Theoretical value for kotoite marble (Mg, B,Og+3 CaCQO,) derived from pure dolomite

(Mg, Ca (COy),)
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Calcite : This mineral composes the largest part of the rock. When it fills the space
around the kotoite crystals, it occurs as mosaic crystals about 0.2 mm in diameter,
i.e. about twice the size of the kotoite crystal. Around the crystals of such minerals
as ludwigite and forsterite, the calcite tends to form a somewhat coarser mosaic,
and in many cases no kotoite crystals are found among them.

Forsterite: This mineral usually occurs as fine-grained idiomorphic crystals flat-
tened parallel to (100). Specific gravity=3.22. Under the microcope it shows
straight extinction, and the refractive indices, measured by the immersion method,
are: a=1.638, f=1.651, y=1.669; y—a=0.031; (+)2V=84°. These values
indicate that the mineral almost belongs to the forsterite endmember. It is dis-
tributed within kotoite-marble, assuming such forms as lenses, fine bands, and
layers. It is also often found in association with clinohumite.

Clinohumite Minerals: The minerals of the chondrodite group are irregularly dis-
tributed in the rock; however, they may occur as veinlets in association with for-
sterite, spinel, and calcite. When the rock is relatively rich in these minerals, it is
pale yellow or pale yellowish brown. Study of the optical and other properties of
most of the minerals of this group shows that it corresponds to clinohumite (4 Mg,
SiO, - Mg (F, OH),). The clinohumite occurs as somewhat coarser crystals than
the kotoite and forms idiomorphic crystals, most of which are about 0.2 to 1.0 mm
in diameter. Specific gravity=3.20. Optical properties are: a=1.625, f=1.631,
r=1.655; y—a=0.030; (+)2V=71°; extinction angle (angle between the
twinning plane and X’)=9-10°; more or less pleochroic, changing from colorless
to pale yellow; however, colorless crystals may also be found among the thin sec-
tions. The minerals of this group are characterized by their lamellar twinning, as
shown in Fig. 10.

Spinel : This mineral is found in only a few places in kotoite-marble. Since it is
fine-grained and sporadically distributed, it may be overlooked. The crystals are
generally idiomorphic and occur mostly in octahedral form. However, a spinel
twinning is also frequently found.

The spinel, in some cases, forms irregular brown layers several millimeters to
several centimeters wide. It is associated with forsterite, clinohumite, ludwigite,
etc. in kotoite-marble. The spinel found in the kotoite-marble composing the upper
part of the North ore body, where little ludwigite is found associated with it, is
colorless in thin section; when concentrated by using heavy solution the crystals
are pale pink. The spinel in the lower part of the North ore body, where much iron-
rich ludwigite is associated with it, is somewhat greenish, even in thin section.

The crystals are optically isotropic, and the refractive index of the colorless ones
is n=1.718; the measured specific gravity is 3.54.

Ludwigite ( (Mg, Fe*2), Fe*3BOj) : This mineral is a borate mineral which has
long been a subject of discussion. Prof. Koo described it as lievrite (ilvaite), be-
cause its optical properties in thin section bear a close resembrance to those of
lievrite. After that, D. F. Hiceins (1918) regarded it as an iron-rich pyroxene, and
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gave it a new name, “collbranite.” Still later, E. V. Suannon (1921, A,B) confirmed
it to be ludwigite.

The mineral appears black, and often occurs as a radial aggregation of acicular
crystals several millimeters, occasionally 2-3 cm, in length. It is scarcely contained
in the kotoite-marble of the upper part of the north ore body. As shown in Fig. 2 it
forms black minutely striated zones which appear as if they were the bedding planes
of the original rock.

This mineral also occurs sporadically in kotoite-marble, and is especially con-
centrated on and near the 182 m level in the lower part of the North ore body. It
is also found in abundance in the kotoite-marble of both the East and the West
ore bodies.

Under the microscope, the thickest part of the thin section of this mineral is
opaque but the thinnest part is semi-transparent and distinctly pleochroic, being
deep brown parallel to the clongation of the crystal (z’), and deep grass green
perpendicular to it (x’); absorption z’>x’; straight extinction. As shown clearly
in Fig. 9, the ludwigite crystals in kotoite-marble are usually surrounded by calcite
that is not associated with kotoite.

Suanite (2MgO - B,O4 or Mg, B,O;) : This, a new mineral, (WATANABE, 1953) is
a magnesium borate mineral which occurs extensively in the kotoite-marble of the
North ore body. As the mineral appears white, it can barely be seen with the naked
eye, but it can clearly be recognized by its silky luster when it occurs as an aggre-
gate of fibrous bundles several millimeters long. In a part of the east ore body, this
mineral occurs as somewhat large crystals in kotoite-marble which contains
ludwigite. Some of them attain 2-3 cm in length, but the mineral has long been
undetected due to its lack of color.

Under the microscope, this mineral is observed to be coarser than the nearby
kotoite, and aggregates radially exhibiting very high birefringence. The direc-
tion of X is parallel to the elongation of the crystal; a=1.596, =1.639, y=1.670;
(—) 2V=70°; r>uv; specific gravity=2.91. Chemical tests have clearly indicated
the presence of Mg and B and X-rays method has confirmed that this mineral
differs from similar known borate minerals such as camsellite and szaibelyite has
already been confirmed by X-ray.

The sample from the east ore body was analyzed by Mr. Kiyoshi Isono through
the kindness of Dr. YAMANE, the former director of the Geological Survey of Japan.
The results of the analysis are given in Table 2.

Since the analyzed sample clearly contained small quantities of calcite and
forsterite as impurities, the chemical composition of the mineral must be con-
sidered by removing CaO, CO,, SiO,, etc. from the results of the chemical analysis.
The value for H,O is obtained by deducting the value for CO, from that for igni-
tion loss, so the mineral must be examined to find out whether this was part of its
original content of the mineral or not. However, this mineral can be thought to
have a composition of almost 2MgO -« B,O,, as shown in Table 2.

Warwickite (3(Mg, Fe)O - TiO, « B,O,): (WaranaBe, 1954) A brown, very
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fine-grained mineral, this occurs as spots in the kotoite-marble. When these “spots”
were observed under the microscope, they were found to be an aggregate of fine
acicular crystals 0.2-0.5 mm in length. x" is parallel to the elongation of the crys-
tal; pleochroism is more or less observable as x'=pale yellow and z’=light
brown; the index of refraction is very high.

Table 2. Chemical Analysis of Suanite From Holkol.
(Analysed by K. Isono, Geol. Survey, Dept. of Commerce and Industry)

I 11 111

SiO, 0.709, -% -%
ALO, 0.97 - b
Fe,O, 0.33 - -
MgO 46.48 54.89 53.66
CaO 3.70 - -
Na,O 0.90 - -
K,O 0.00 - -
B,O, 38.20 45.11 46.34
COo, 5.70 . -
H,04 3.50 " o

100.48 100.00 100.00

1: Chemical analysis of suanite; the sample contains
a few impurities of calcite, spinel, and forsterite.
1I: Calculated values for MgO+B,O; in the chemical
analysis of suanite reduced to 100.
111: Theoretical values for 2 MgO « B,O, (by weight percentage)

Though this mineral is widely distributed in the kotoite-marble, its properties
were hard to confirm because of the fineness of the crystal and the difficulty in
separation.

Since warwickite occurs only in kotoite-marble and not in the surrounding
dolomite, it was also assumed to be a kind of borate mineral. An X-ray photograph
of the powder was prepared by using a minute amount of the sample separated from
the rock, and this was identified as warwickite. This was only the second occurrence
of warwickite which had been found in the world.

Associated sulfide minerals : Large amounts of opaque metallic minerals are gener-
ally contained in the diopside skarn, although very fine spotty sulfides are also
found in kotoite-marble. Under the reflecting microscope, two types of mineral
association can be seen. When there is little iron bornite, chalcopyrite, sulpho-
salts of copper and bismuth, and native bismuth are observed; when there is
much iron, such minerals as pyrrhotite, chalcopyrite, cubanite, valleriite, bis-
muthinite, native bismuth, and native gold are present.

Chemical composition: Since kotoite-marble first attracted attention as a boron
ore, many chemical analyses of it have been completed. The data which the
writer received are listed in Table 1, and the mineral composition computed
with them is given as (2) in Table 1.

The table shows that the rock has a remarkably well-defined chemical composi-
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tion. Kotoite-marble is very narrowly defined in composition, samples were col-
lected from various parts of the ore body, because the rock is derived from re-
latively pure dolomite supplied with boron; its outstanding characteristic of the
rock. By considering the constituent minerals detected under the microscope, one
should be able to compute the composing ratio of the minerals. According to these
results, the ratio is almost constant in all specimens.

3. Reaction zone between kotoite-marble and diopside skarn: The
boundary between the skarn, which is mined as gold and copper ore, and the sur-
rounding kotoite-marble is generally very distinct. Although a narrow reaction
zone occurs between them, the mineral association in this zone differs somewhat
from those of the other parts. Microscopic examination of the rock of this zone

F: Fluoborite
L: Ludwigite
Sz: Szaibelyite

&

I."ig.‘l‘l. bhotomicr graph (\)fb

Fig. 13. Polished Surface of

Kotoite-marble Contain- the Reaction Zone be-
ing Spherical Masses of tween Kotoite-marble and
Szaibelyite from Rézban- Diopside Skarn, Holkol
ya, Romania x 1.6. x 30.

shows that it retains the original texture of kotoite-marble; but the kotoite has
already decomposed and faded away, and, as shown in Fig. 14, other borate
minerals—fluoborite, szaibelyite, and ludwigite—come out in place of it and the
silicate minerals, especially those of the chondrodite group increase. This obviously
suggests that the formation of the kotoite-marble preceded that of the diopside
skarn and the special association of such minerals may have been established by
obtaining a supply of F, OH, etc. which makes the kotoite unstable on the surface
of the diopside skarn. Each of these minerals are described briefly below.

Fluoborite (Mg, B,O4 - 3Mg (OH, F),) : This mineral occurs as prismatic crystals
0.5-1 mm long. The section perpendicular to the axis is clearly hexagonal. The
crystal is optically uniaxial and negative; @=1.550, ¢=1.522, w—¢=0.028; that
i.e. it shows almost the same properties as the fluoborite which was discovered by
Geger (1926) in the ludwigite-bearing rock from Sweden.



256 KOREA

Szaibelyite (HMgBO,) : This mineral also occurs as colorless and very fine acic-
ular crystals rarely larger than 0.2 mm long. The birefringence measures as high as
0.074, and x"=1.650, z’=1.576; x" is parallel to the direction of the elongation
of the crystal.

Other minerals: Other minerals, c.g. ludwigite, clinohumite, and calcite which
occur in the same reaction zone, are nearly equal to those already described, so
detailed descriptions of them have been omitted.

B. Kotoite from Rézbianya, Romania (Kocn, 1888, PETERs, 1861)

Various kinds of ore deposits are known from Transylvania, or Siebenbiirgen, in
the Balkans. Rézbanya, especially, has long been known for the occurrence of
various kinds of minerals, as well as copper and zinc deposits. These minerals and
copper-zinc deposits are found where the Mesozoic limestone is in concact with
diorite and green dikes. A kind of marble of special appearance, which was col-
lected by SzA1BLYI, a mining engineer, has long been known to mineralogists, and
has been studied extensively by PETERs and others. PETERS found a fibrous mineral
in the rock and named it szaibelyite, and by chemical analysis STROMEYER showed
it to be a kind of borate.

While he was studying borate minerals in Berlin, the writer found a mineral
corresponding to szaibelyite among the component minerals of the rock from Hol-
kol. In order to compare it with the szaibelyite from Rézbdnya, he obtained a
picce of the Rézbanya specimen through the kindness of J. SCHROETER who was at
the Berlin Technical University at the time. This specimen, as shown in Fig. 13,
was a marble containing spherulites about 3-4 mm in diameter, corresponding
to PETERS’ old description, that is, the specimen was judged to be similar to that
studied by PETERs.

Under the microscope, the spherulites are seen to be chiefly of szaibelyite; the
outer part of the spherulites consists of a somewhat longer fibrous mineral than the
inner part, and the former crystals radiate from the surface of the latter and are
cemented by calcite.

Both the fibrous minerals constituting the outer and the inner parts of the spher-
ulites are obviously of the same kind, that is, the two have the same refractive
indices: y'=1.651, a’=1.578, and x’ is found equally in the direction of elongation.
Needless to say, this is the same mineral that was studied and called szaibelyite by
PeTERS and investigators after him.

However, the marble-like part surrounding the spherulite was microscopically
seen to contain a granular mineral which is associated with szaibelyite and a few
opaque minerals. This granular mineral, as shown in Fig. 12, has distinct cleavage
and straight extinction, small 2V, and is characterized by the simultaneous ex-
tinction of several crystals. Since its properties are quite similar to those of the
Holkol kotoite, the mineral was studied in detail optically; then it was also sep-
arated from calcite with dilute hydrochloric acid and studied by chemical and
X-ray methods. The results of these studies proved this mineral to be kotoite.
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The mineral composition of the marble-like part containing kotoite in the
Rézbanya specimen was studied by using the RostwarL method. The results are
shown in Table 3.

Table 3. Mineral Composition of the Marble like Part
Containing Kotoite in the Rézbanya Specimen.

Sp. gr. | Volume, % = Weight, %
Calcite 2.71 81.0 79.1
Kotoite 3.06 16.7 18.5
Szaibelyite 2.70 2.0 |
Sulfides
(Chiefly sphalerite) 4.0 6.3 —

The lower kotoite content of this rock, as compared with that of the kotoite-marble
from Holkol, may be attributed to the decomposition and change into szaibelyite
of some kotoite.

Thus, kotoite was discovered almost simultancously in specimens from both Hol-
kol and Rézbanya. The confirmation of this mineral enables us to solve various
problems which were not fully clarified earlier when PETERS and STROMEYER
(1863) studied szaibelyite. For instance, the values reported for the chemical anal-
ysis of szaibelyite should have aroused suspicion if they were a mixture of szaibely-
ite and kotoite, because STROMEYER did not recognize the existence of kotoite in his
specimen, though it certainly contained it. The meaning of previous chemical anal-
yses may be understood if they are examined again from such a point of view.

In short, the kotoite of Rézbanya is found in the country rock of a contact de-
posit as it is in Holkol and similarly forms kotoite-marble which contains szaibely-
ite. Similar conditions probably generated both cases.

3. Properties of Kotoite

A. Chemical Composition

As already described in the section on mode of occurrence, collection of a pure
sample of kotoite is difficult. However, as kotoite is not very soluble in cold hydro-
chloric acid, it will be left in the residue when the kotoite-marble is treated with
cold dilute hydrochloric acid, while the calcite is dissolved. If 100 gm of kotoite-
marble are treated, about 30 gm of residue will be obtained, and many fine grains
of kotoite will be found in it, though it may be mixed with many other insoluble
minerals.

In treating the sample with acid, the original specimen should not be finely
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crushed; little pieces should be used. When such pieces are dissolved, the forms of
the relatively coarser minerals—forsterite, clinohumite, ludwigite, and suanite—
will remain unchanged.

During the first step, the writer used a 0.15 mm sicve to separate the coarser
minerals from the fine colorless sandy grains. Under the microscope, this sandy
material was observed to consist mainly of kotoite grains, though mixed with a few
fine crystals of forsterite, spinel, and other borate minerals. During the second step,
in order to reject these fine impurities, he prepared Clerici heavy solutions, spe-
cific gravity 2.95 and 3.2 and attempted to collect pure kotoite by using a centri-
fugal separator. The sample remaining within the limit of specific gravity between
2.95 and 3.2, was composed almost entirely of pure kotoite. As further separation
was considered quite difficult, this same sample was used for chemical analysis.

The sample was first tested for the presence of boric acid, iron, magnesia, etc.,
and then was carefully fused with sodium carbonate. During the course of the
quantitative analysis, special care was taken to separate the boric acid, and after-
wards, the quantity of silica, alumina, iron oxide, lime, and magnesia were
measured in the ordinary way. The ferrous oxide and water contents of another
sample were measured; the boric acid was separately measured by the Chapin
method. The results are shown in Table 4, of which SiO,, Al,Oy, and Fe,Oy are
considered to have been derived from the impurities. They may be divided and
distributed between forsterite and spinel. If these are deducted from the molecular
ratio, we arrive at the following:

(Mg, Fe, Ca)O:B,03=1.5209: 0.5055=3:1

As the value for FeO -+ CaO measures only about 1 per cent of the MgO content,

the formula for the Holkol kotoite can be stated as 3MgO « B,O;.

Table 4. Chemical Analysis of Holkol Kotoite.

Anavalue gl o | —$OROMESOL | Ratio n“tf)jffﬁae
0 . /0
Sio, 1.32 0.0220 - | - ; -
ALO, 0.26 0.0026 . Lo _
Fe,O, 0.20 0.0013 ‘ — == =
FeO 0.61 0.0085 1 | ‘
CaO 018 | 00032 | 15209 300
MgO 62.78 15571 | | i 63.46
B,0, 3520 | 0.5055 } 0.5055 100 3654
H,0'110° 0.05 0.0028 — - |

Total 100.60 100.00
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B. Form and Physical Properties

Kotoites from both Rézbanya and Holkol occur as very fine grains. The crystal
form has not been clarified, though it can usually be recognized as allotriomorphic
or hypidiomorphic; the crystal grains are 0.1-0.5 mm in diameter. The hypidio-
morphic crystals seem to have well-developed pyramids or domes, and they are oc-
casionally found to be somewhat elongated in the direction of the b axis. Distinct
cleavage is found parallel to axis ¢, and in some cases straight extinction is observ-
able. These characteristics may serve to identify this mineral. In the section per-
pendicular to the c axis, a pair of cleavages parallel to (110) which cross each other
at an angle of about 65° can be seen.

A study on the crystal form of artificial kotoite was prepared by EBELMAN with
measurements by MALLARD in 1887. According to MALLARD, the crystal belongs
to the orthorhombic system, and crystal planes such as (110), (011), (101), (403),
and (100) occur. MALLARD also computed the axial ratio a:b:c==0.6412:1:0.5494
by using the values (110): (110)=65° 20" and (110):(011)=-74° 56’; and he rec-
ognized that the cleavages on (110) are distinct. The writer also tried to synthesize
artificial kotoite; he obtained a somewhat large crystal, but it did not have good
form. By using the cleavage planes of this crystal, the writer determined the value
(110):(110)=65° 20". A native crystal shows almost the same valuc. A noteworthy
property of kotoite is the formation of secondary twinning by shock; that is, when
the refractive index of kotoite is measured by the immersion method, the sample is
usually crushed and lamellar twinning may often be observed. This property,
which is also found in artificial kotoite, comes from the phenomenon of the so-called
Einfache Schiebung, or slipping in a certain direction within kotoite. In order to
study this direction, the writer cemented the mineral particles with bakelite and
observed a thin section by using the Leiz universal stage. By studying the various
relations between the optical orientation and other propertics, he confirmed the
angle between C and the direction perpendicular to the twinning plane as about
40°. He also measured the angle between the twinning plane and the cleavage plane
and obtained the value 56° for it. On comparing these values with those measured
from artificial kotoite, that is (101): (001)=40° 36, (101):(110)=56° 48’, the for-
mer was found to almost correspond with the latter, and, hence, the twinning
plane is assumed to be possibly (101). Such a twinning plane can be seen in very
thin sections, although only in very rare cases.

The mineral is relatively hard. It was measured by rubbing the fine grains,
which were collected from the rock, on the standard test plate; artificial kotoite
was also used for this purpose, and its hardness was determined to be almost 6}.

When a polished section of kotoite-marble is observed under a reflecting micro-
scope, the relative hardness of kotoite can be perceived from the relief of the pol-
ished surface; it is equal to forsterite, much higher than calcite, and lower than
spinel.

The specific gravity of the mineral was determined by placing the fine grains or
crystals in Clerici heavy solution and measuring the specific gravity of the Clerici
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solution at the point in which the suspended mineral grains remained in a state
of equilibrium.

Thus, the following values were obtained: 3.106 for the kotoite from Holkol,
3.07=3.10 for that from Rézbanya, and 3.092 for artificial kotoite. The specific
gravity of the old artificial kotoite measured by MALLARD was 2.987. This value is
somewhat lower than that given above, so it is assumed that the old artificial
kotoite may have been mixed with some other crystals.

C. Optical Properties

The pure separated grains of kotoite are colorless and transparent. The crystal is
biaxial and optically positive under a conoscope, however, and occasionally
appears almost uniaxial because of the smallness of 2V. Therefore, under the
microscope it closely resembles pyroxenes of small 2V such as pigeonite and en-
statite. Optical measurements of the kotoite from the two districts and of the arti-
ficial kotoite are well in accordance with one another, as shown in Table 5.

Table 5. Optical Properties of Kotoite.

Name ‘ WATANABE WATANABE ‘ WATANABE | WATANABE | MALLARD
| , ‘
Method Immersion 3 Immersion | Prism Immersion | Prism
Specimen | Holkol Rézbanya 1 Artificial; Artificial Artificial;
| ! cleavage flake . parallel to G
Color Colorless \ Colorless Colorless Colorless | Colorless
« 1.652 i 1.652 | 1.6514 1.652 1.6527
B 1.653 ; 1.653 \ 1.6521 (Calc.) 1.652 1.6537
7 1.673 1.674 1.6725 1673 16748
y—a 0.021 J 0.022 0.0211 0.021 | 0.0221
2V 21° (+) | small (+) 22° (+) i24°30’(+) (calc.)
2E | 36° (calc.) | 38° (calc.) 43°18’ (obs.)
1 | |
Dispersion .................. 7. 7. r>v O;ientation .................. Z=¢
Optical plane. . .civiovonvvns (010) Extinction .................. z’[/cleavage plane

D. General Physicochemical Properties

An experiment to determine the melting point of artificial kotoite was made by
the writer under Prof. ErtevL at the Kaiser Wilhelm Silicate Institute, but no con-
vincing results were obtained, probably because of the volatility of B,O;. Judging
from the temperature curve obtained during the experiment, the writer deter-
mined that the melting point of this mineral was near 1,340°C.

When the Holkol kotoite is highly heated in air, it becomes somewhat yel-
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low. It is easily soluble in warm, concentrated hydrochloric acid, although it is al-
most insoluble when the acid is dilute. The presence of iron, magnesium, boron,
ctc. can be detected in this acid solution.

Synthesis of artificial kotoite: EBELMAN (1900) succeeded in synthesizing artifi-
cial kotoite as early as 1851. He placed magnesia and boric acid anhydride in a
stone crucible and fused them into magnesium orthoborate, or artificial kotoite.
Both the crystallographic and optical properties of this crystal were studied by
MALLARD in 1887. In 1904, GuerTLER (1904, 1909) synthesized the borates of
alkali earth metals and studied them systematically, clarifying the equilibrium re-
lations in the MgO-B,O, system to some extent. In this system, he recognized the
formation of such borates as Mg,B,0,4 (3MgO-B,0,) and Mg,B,0, (2MgO.B,03).

The writer also obtained a good crystal of artificial kotoite during his experi-
ments at the University of Berlin. To do so he placed a mixture of 1.27 gm MgO
and 0.73 gm B,O, in a small platinium crucible and heated it at about 1,200° C in
a small electric furnace.

A portion of the crystal was quite pure, but the rest contained a few crystal grains
of periclase and Mg,B,0Og. The pure portion was isolated and used for X-ray study
and measurement of optical properties.

Kotoite is a relatively stable mineral, but it is unstable under hydrothermal con-
ditions or when it is exposed to the air; it weathers and decomposes easily. In the
thin sections of a weathered specimen, one can observe the secondary fibrous
minerals which are arranged parallel to the b axis. On weathered surfaces of koto-
ite-marble a powdery mineral is observed to have formed secondarily from the
kotoite. These secondary minerals were collected from the rock and examined
under the microscope, and the presence of a mineral corresponding to szaibelyite
confirmed. Kotoite alters partly to brucite.

E. Results of the X-ray Study of Kotoite

An X-ray study of the Holkol kotoite was made primarily to compare it with
pyroxene. As it was later clarified as a borate, the X-ray photograph was used to
determine whether it coincides with that of the artificial borate Mg;B,Og. The X-
ray photographs were prepared by the powder method, and the three photo-
graphs of the carefully purified kotoite from Holkol, the kotoite from Rézbdnya
and the artificial crystal were found to coincide perfectly, as shown in Fig. 15.
The diameter of the camera used for the photographs was 57.3 mm; the X-ray
tube was fitted with an iron anticathode; g-ray was not removed. The grain size of
the sample was 0.3 to 0.4 mm.

The writer studied the artificial crystal by means of the rotation method under
the guidance of Dr. STruNz. The same specimen was later studied by SADANAGA,
and others of the Mineralogical Institute of the University of Tokyo, who also
analyzed the structure of the crystal. The results obtained by the these Institute
researchers, together with the writer’s, are cited here through the kindness of
SADANAGA.
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Fig. 15. X-ray Diffraction Patterns of Kotoite and Artificial Magnesium Orthoborate.
a. Kotoite, Holkol
b. Kotoite, Rézbanya, Romania
c. Artificial kotoite (Mg;B,04)

Lattice constants (WATANABE) (SADANAGA)
a,=5.41A 2,="5.38,A
b,—8.42A b, =8.40,A
co=4.51A co=4.48,A
a, : by 1 ¢,=0.642 : 1 :0.536 a, : by :¢cy=0.646 : 1 : 0.534

a : b : ¢ (artificial crystal)
=0.6412 : 1 : 0.5494 (MALLARD)
Zi=2 Z=2
Space group : Undetermined D}?—Pnmn
The study on the crystal structure of kotoite was reported later by SApaNaGca
(1948).

4. Considerations on the Origin of Kotoite

As clarified in the foregoing descriptions, kotoite occurs in a special country rock
of a contact deposit. In both occurrences at Holkol and Rézbanya, kotoite is as-
sociated with calcite and forms a kind of marble which may be called kotoite-mar-
ble. The mode of occurrence of this rock at Rézbanya has not been observed by the
writer. However, according to his observations at Holkol, it is found only in the
dolomite of the region, and, therefore, may be considered genetically closely re-
lated to this dolomite.

The dolomite near the Holkol deposit has undergone thermal metamorphism
over a considerably wide area and has changed into crystalline dolomite (dolomite
marble), while a part of the rock very near the contact has changed into brucite-
marble. The crystalline dolomite adjacent to the kotoite-marble is chemically al-
most pure dolomite, as Si0,=2.5—2.79%,, Al,O3=1.0 to 1.5%,, Fe,03=0.3%,
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Ca0O=30-329,, MgO=20-21%,, and CO, (or ignition loss) ==about 42-459,. The
molecular ratio of CaO to MgO is within the limit of roughly 1.0 to 1.2. Mineral-
ogically, crystalline dolomite is composed chiefly of mineral dolomite and contains
accessory forsterite (occasionally chondrodite), spinel, and calcite.

The chemical composition of kotoite-marble is observed to be roughly equal to
dolomite in content of SiQ,, Al,O,, and Fe,O,; the molecular ratio of CaO to MgO
is mainly within the limit of 1.0 to 1.2; however, the CO, content decreases 26-28%,
in exchange for B,O,, of which as much as 9-129, can be contained. Mineralogic-
ally, there is a marked difference between the two rocks; that is, no mineral dolo-
mite is found in the kotoite-marble but, instead, calcite and kotoite accompanied
by a few other minerals. Therefore, the process of the formation of kotoite-marble
from dolomite can be explained very easily, if the minor constituents are not con-
sidered.

That is, it is necessary in the formation of kotoite-marble from dolomite that
much CO, be expelled from the latter and that new B,Ojy enter the rock. In gen-
eral, dolomite becomes periclase-marble when it undergoes intense thermometa-
morphism. This may be represented as follows:

CaMg(CO,),—MgO 4 CaCO4+ CO,

Dolomite Periclase - Calcite

(periclase-marble)

The dolomite undergoes dissociation, and MgCOj is decomposed into MgO and
CO,. A chemical reaction similar to this can be postulated for the formation of
kotoite-marble. If pure dolomite acquired a sufficient amount of B,O; under high
temperature, the following reaction would be expected.

3CaMg(CO,),+B,0;—-Mg3B,04 4 3CaCO;+3CO,

Dolomite Kotoite 4 Calcite
(kotoite-marble)

That is, the magnesium carbonate in the dolomite dissociates into MgO and CO,,
and B,O, combines with MgO to form kotoite. If such a relationship were to exist,
pure kotoite-marble derived from purc dolomite should have a composition of
Mg,B,0+3CaCO,. Working from such a postulate, the writer computed the
chemical composition of pure kotoite-marble; the results are given in the last line
of Table 1. It is a matter of interest that these results are nearly coincident with
those of the chemical analysis of the kotoite-marble from Holkol. This proves that
the formation process of kotoite-marble may be represented by the reaction given
in the above formula. Such a process can be termed “kotoitization.” In this case,
the difference in composition between natural kotoite-marble and “pure” kotoite-
marble may come from the fact that the original dolomite is mixed with impurities
and, therefore, the molecular ratio of CaO to MgO is not exactly one-to-one.

As previously mentioned, the dolomite had undergone thermal metamorphism
over an extensive arca before it changed intokotoite-marble. If the original rock con-
tained impurities like Si0, and Al,O,, these might combine first with MgO from
the dolomite molecule, such minerals as forsterite, spinel, calcite, etc. would form,
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and the remaining MgO in the mineral would form crystalline dolomite. If
kotoitization took place after that, the mineral dolomite which remained in the
original rock would change into kotoite, and the kotoite content of the resultant
would be less than that of “pure” kotoite-marble. Therefore, the value for B,O,
should also be less than 14.19%,, the amount thought to be contained in “pure”
kotoite-marble. In many cases, the ratio of CaO to MgO in natural dolomite is
more or less larger than one-to-one. Since kotoite content, and therefore the B,O,
content, will become less than those of “pure” kotoite-marble, 14.19%, may be said
to be the maximum value for B,O, that kotoite marble can possess. Although it is
not clear in what state B,O, was supplied, it is very possible that materials like B,
F, and Cl emanated from the magma and migrated into the surrounding rocks
when the volatile matter—especially those elements mentioned above—was con-
centrated in the residual magma during the pegmatitic to pneumatolytic stages of
the consolidation of granite magma. Many contact minerals or contact deposits are
thought to have been formed in such a manner. If the surrounding rock was dolo-
mite and the magmatic emanation was rich in B,Oj3, the formation of kotoite-
marble from dolomite logically resulted in kotoitization.

Si0,, K,0, and other metallic elements are often contained also in the magmatic
emanation and form the Holkol gold-copper-bearing diopside skarn. If the original
dolomite is almost pure, the resulting kotoite-marble will also be almost pure, but
if it contains a small amount of SiO,, Al,Oy, etc., forsterite-spincl-bearing kotoite-
marble will be formed. When the original rock is somewhat rich in iron, ludwigite
is found in place of kotoite and gives rise to ludwigite-bearing kotoite-marble. If the
original rock is much richer in iron, or if the rock is supplied with excessive iron in
addition to B,O,, kotoite will not be found in the rock, and magnetite and ludwi-
gite are present instead (GEIER, 1928, 1939). This means that kotoite and magnet-
ite cannot occur in association with each other.

Summary

1. In1930-32,whilestudying the geology and ore deposits of Holkol mine in Suan,
a gold mining district in Korea, the writer noticed the occurrence of a very fine
granular mineral in the country rock of the deposit; and later the writer proved it
to be a new mineral which has a chemical composition of Mg,;B,0O,, and which had
never before been found in nature. He named it kotoite in memory of Professor
Bunjiré Kotd. Almost simultaneously, the writer recognized that an identical
mineral is contained in the szaibelyite-bearing rock from Rézbénya in Transyl-
vania in the Balkans.
2. Kotoite has the following properties:
Chemical formula: Mg,B,0O4
Chemical composition of the Holkol kotoite: SiO,=1.329%,, Al,O;=
0.26%,, Fe,0,=0.209,, MgO0=62.78%,, FeO=0.61%,, CaO=0.189%,,
B,0,=35.20%,, H,0=0.059%,, Total=100.60%,; Theoretical value:
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MgO=63.46%,, B,O,=236.547%,

Form: Orthorhombic system

Mode of occurrence: The mineral is found in a kind of marble (kotoite-
marble) which was formed from dolomite by pneumatolytic replace-
ment. It always occurs as fine granular microscopic crystals, hardly dis-
tinguishable by the naked eye.

Physical properties: Cleavage is perfect and parallel to (110); lamellar
twinning is produced upon striking the crystal, and the plane of this
twinning is assumed to be on (101); H=6.5; D=3.11 (Holkol specimen)

Optical properties: Colorless; refractive index, a=1.652, =1.653, y=
1.673, y—a=0.021 (Holkol specimen), (+4)2V=21°, r>v, optical plane
parallel to (010), and z=c

Physicochemical properties: Can hardly be fused by means of a blowpipe.
The melting point is approximately 1,340° C; the value has not been
determined exactly because of the presence of volatile matter such as
B,O3. The mineral is relatively unstable when it is placed in hydrother-
mal conditions or exposed to air, and it alters to fibrous borate minerals.
The mineral is almost insoluble in cold hydrochloric acid, but is easily
soluble in warm concentrated acid. An artificial crystal can easily be
obtained by direct fusion of MgO and B,O,; when mixed in fixed pro-
portion in a platinum crucible.

Properties studied by X-ray: The following values were obtained by mea-
suring the artificial crystal.
ay=>5.414, by=8.42A, ¢,=4.51A (measured by WATANABE)
a,=>5,385A, b,=8.404, c,—4.48/A (measured by SApANAGA)
ag : by 1 ¢g=0.642 : 1 : 0.536 (WATANABE)
a:b:c=0.6412 : 1 : 0.5494 (Artificial crystal: measured by MALLARD)
Z=2, DY—Pnmn.

3. Kotoite-marble occurs as the country rock of the Holkol deposit, and the
main gold-copper ore (or skarn consisting of diopside, clinohumite, phlogopite,
ctc.) is found in this marble. Therefore, the occurrence of this rock indicates the
presence of gold-copper ore, and the rock plays an important role during the pro-
specting of the ore body.

4. Kotoite-marble consists chiefly of kotoite and calcite; the former makes up
25-35 per cent of the weight of the rock, and the latter about 60 per cent. A few
accessory minerals, ludwigite, suanite, forsterite, and spinel are also contained. The
chemical composition of this rock is as follows:

The principal components are B,0;=10-129,, CaO=32-35%,, MgO=
20-239%,, and CO,=26-289,; the minor components are SiO,=2-49,,
Al,03=0.2-0.5%,, and Fe,0;=0.3-0.4%. The molecular ratio of
CaO to MgO is usually within the limits of 1.0-1.2.

5. Suanite is a new mineral which has the following composition:

2MgO - B,O,.
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6. A large amount of kotoite-marble occurs in the Holkol mine; it was mined as
the boron ore by which borax was produced.

7. Kotoite has never been found alone, but always in association with the calcite
that composes kotoite-marble; it occurs as very fine grains. Kotoite-marble is
found surrounded by crystalline dolomite which suggests that the rock was formed
from the latter by acquiring a supply of B,O,. As the kotoite has been formed from
the mineral dolomite CaCO, - MgCQO, by replacing the CO, of MgCO; and by
leaving CaCO, as calcite, the ratio of kotoite to calcite in the kotoite-marble is
nearly constant.

8. Kotoite-marble is a rock which has been derived from dolomite by the intro-
duction of volatile materials such as B, F, and CI which were concentrated in
the residual magma and emanated into the surrounding dolomite at a later stage
of consolidation of the granite in the Suan district.

Additional note: In 1956 the third occurrence of kotoite was discovered by the author and
A. Kato in Kamineichi dolomite quarry, Miyako, Iwate Prefecture, Japan.
Some other occurrences in USSR and USA have recently been reported.

REFERENCES

GerjeRr, Per (1926); Norbergite and fluoborite, two new minerals from the Norberg.
Geol. Foren. Forh., v. 48, p. 84-85.

—— (1928) ; Some mineral associations from the Norberg district. Arsbok, v. 20, no. 4,
p- 3-32.

—— (1939) ; Paragenesis of ludwigite in Swedish iron ores. Geol. For. Forh., v. 61, p. 19~
33.

GUERTLER, W. (1904); Uber die Grenzen der Mischbarkeit von Borsdureanhydrid und
Boraten in Schmelzfluss. Z. anorg. allg. Chem., v. 40, p. 225-253.

—— (1909); Uber die Schmeltzpunkte der Mischung der alkalischen Erden mit Bor-
saureanhydrid. Z. anorg. allg. Chem., v. 40, p. 337-354.

Hiceins, D. F. (1918); Geology and ore deposits of the CoLLBRAN contact of the Suan
Mining Concession, Korea. Econ. Geology, v. 13, p. 1-34.

Koch, A. (1888); Neuere Mineralvorkommnisse von Rézbanya. Orv. term. tua. Ertesio,
v. 13, p. 102-240.

Kora, B (1910); The geology and ore deposits of the Hol-gol gold mine, Suan district,
Korea. jJour. Tokyo Imp. Univ. Coll. Sci., v. 27, p. 1-32.

MacLAREN, M. (1915); Report on the ore deposits of the “CorrLsraN Contact,” Suan
Concession. Seoul Mining Company, p. 33 [pamphlet] (E).

MacLLarp, Er. (1887); Examen de diverses substances cristallisées. Ann. d. Min., v. 8,
no. 12, p. 427-459; Z. X. v. 15, p. 650-652; C. R. Acad. Sci., Paris, v. 105, p. 1260.

Peters, K. F. (1861); Geologische und mineralogische Studien aus dem siiddstlichen
Ungarn, insbesondere aus der Umgegand von Rézbanya. 2. Teil. S.--B. Akad. Wiss.
Wien., v. 44, Abt. 1, p. 81-185.

Peters, K. E., (1863); A. StBoMEYERS Analyse des Minerales Szaibelyit. S. B. Akad.
Wiss., v. 47, Abt. 1, p. 347-354.



ON “KOTOITE” AND “SUANITE” 267

SADANAGA, Ryoichi (1948); The crystal structure of kotoite (MgyB,O4). X-ray, v. 5,
nos. 1-2, p. 1-7. (in Japanese).

SHANNON, E. V. (19214a); The identity of “collbranite’ with ludwigite: Am. Mineralogist,
v. 6, p. 86-88.

—— (19218) ; Ludwigite from Idaho and Korea. U.S. Natl. Mus. Proc., v. 59, p. 667-
676.

TAMURA, E., and Y. Tsurumaru (1915) ; Reports on the ore deposits in Korea. (Hwang-
hae Do, Part 2), 3.

WaTANABE, Takeo (1933); On the gold-copper-bismuth ore in the New ore body of the
Holkol deposit, Suan gold mine, Korea. jJour. Geol. Soc. Japan, v. 40, nos. 70-85,
p. 125-148 and 188-209.

—— (1935) ; On the brucite-marble (predazzite) from the Nantei Mine, Suian, Tyosen
(Korea). Jour. Hokkaido Imp. Univ. Fac. Sci., ser. 4, v. 3, no. 1, p. 49-59.

—— (1939a) ; Kotoite, Mg,B,0;, ein neues gesteinsbildendes Mineral. Fortschr. Min.
Krist. Petr., v. 23, p. CLXVI-CLXVII.

—— (19398) ; Kotoite, ein neues gesteinsbildendes Magnesiumborat. Min. Petro. Mitt.,
v. 50, p. 441-463.

—— (1943) ; Geology and mineralization of the Suian district, Tyo6sen (Korea). The
Geology of the Suian Gold Mining District. Jour. Hokkaids Imp. Univ. Fac. Sci.,
ser. 4, v. 6, nos. 34, p. 205-303.

—— (1953); Suanite, a new magnesium borate mineral from Hol Kol, Suan, North
Korea. Min. jJour.,v. 1, no. 1, p. 54-62.

—— (1954); On the occurrence of warwickite (Mg, Fe),TiB,0O4 at Hol Kol, Korea;
a study of boron metasomatism. Jour. Fac. Sci. Univ. of Tokyo, Sect. 11, v. 9, pt. 2,
p. 337-344.

WAaTANABE, Takeo, and Akira KaTto (1956); Kotoite from the Kamineichi Dolomite
Quarry, Miyako city, Iwate Prefecture. Jour. Geol. Soc. Japan, v. 62, p. 394. (abst.
in Japanese).

WaATANABE, Takeo, Akira KaTo and Takashi KaTsura (1963); Kotoite, Mg, (BOj,),,
from the Neichi Mine, Iwate Prefecture, Japan. Proc. Japan Acad., v. 39, no. 3,
p. 164-169.



MANCHURTIA



A Summary of the Columnar Sections in Manchuria

Riuji Enpo

More than twenty Japanese stratigraphers and paleontologists including Teiichi
KoBavasHi, Rinji Sarro, Gijin Morira, Tokio SHikamMA, Mitsuo Nopa, Shoichi
NisHIDA, Shinya MiNakawa, Rikizo Imaizumi, and the writer have been actively
engaged in a geological survey of Manchuria for the past fifteen years. Some of the
results of this work have already been published, principally in the Bulletin of the
Geological Survey of Manchoukuo, the Memoirs of the Geological Survey of Man-
choukuo, the Bulletin of the Central Museum of Manchoukuo, and the Bulletin of
the Geological Society of Manchoukuo. However, a great deal of the most recent
work has not yet been published. Moreover, almost all of the above bulletins have
been burned or are so widely scattered that fairly complete runs are almost im-
possible to locate. Therefore, the writer desires to summarize the research of Japa-
nese geologists on the columnar sections in Manchuria. Itis believed that this may
be of help to Japanese geologists and to others who may not be able to go to Man-
churia for geological work.

A distinct stratigraphical boundary is located along the line which connects
Cheng-te, Fu-hsin, Tich-ling, Mo-chiang and An-tu in Manchuria and divides
this vast area geologically into northern and southern districts.

The distribution of geological formations in the pre-Lower Jurassic Period is
completely different on each side of the boundary line while those of the post-
Lower Jurassic Period are quite similar to each other.

Granite, which was intruded in the form of batholiths in the Upper Palacozoic,
is the principal rock north of the boundary line. Therefore, as will be seen in the
columnar section, none of the formations from Archacozoic to Ordovician in age
found in the northern area while those of the Devonian Period are not entirely
developed in the southern district. Morcover, the depositional conditions under
which the Upper Palacozoic formations were laid down are entirely different in the
northern and southern districts.

At the present time, itis not known whether the Triassic formation in the northern
district is developed or not.

The terrestrial deposits of the Lower Jurassic to the Holocene are about the same
in the northern and southern areas.
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The summarized columnar sections based on the latest data for both northern
and southern Manchuria are as follows:

A. Columnar Section of Southern Manchuria

Quaternary Period
Alluvial Series
Sand, gravel, and clay

Pleistocene Series

Ku-hsiang-tun Stage

Although the type locality of the present formation is the Wa-pen-yao-ho
River, a tributary of the Wen-chuan River, near Harbin, North Manchuria,
it occurs also in many valleys of the Jehol mountainland and Liao-ning Prov-
ince.

The formation consists of loess, yellow clays and red clays. Rhinoceros-
Elephas fauna is found in the loess. Thickness about 30 m.

Tertiary Period
Pliocene Series (Not developed)
Miocene Series (Not developed)
Oligocene Series
Eocene Series
Fu-shun Series (Eo-Oligocene ?)

The Fu-shun Series is found in the entire Fu-shun coal field in Liao-ning
Province and extends 20 km eastward from the eastern border of the coal field.
The series consists of green shale, oil shale, coal, tuffaceous sandstone; the
following well preserved plant fossils are found in the lower part of the oil
shale:

Sequoia chinensis ENDO

Glyptostrobus europaeus (Br.) HEER

Fagus feroniae UNG.

Alnus kefersteini GOEPP.

Querqus drymeja UNG.

Carpinus grandis UNG.

The coal includes a great deal of amber containing excellently preserved in-
sect remains such as Cecidomiya, Exetastes, Componotus, Cainoblattiopsis. Sheets of
basalt appear between the main and the lower coal-bearing series. The series
is about 900 m thick.
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Cretaceous Period

Upper Series Miyanohara Series (Upper-Lower ?)
Cheng-te conglomerate
The present formation The series is distributed extensively
crops out in the vicinities of along the south side of the Tai-tzu-ho
Jehol and Luang-ping District, River, a tributary of the Liao-ho River
and consists of reddish-ochre from Wu-lung on the east to Tuan-
conglomerate and coarse- shan-tzu on the west, with the Miya-
grained sandstone. Thickness nohara station as its center. It consists
probably exceeds 300 m. of green-grayish coarse-grained sand-
Middle Series stone, variegated shale, and white
Lower Series conglomerate with large pebbles.
Thickness about 2,800 m.+
Sun-chia-wan Series Flora: Salvinia sp.
This formation directly over- Pinoxylon dakotense KNOWLTON
lies the coal-bearing series Protocedroxylon araucarioides
at the Fu-hsin coal fields, GOTHAN

140 km west of Hsinyang.
Characterized by Corbicula
anderssont GRABAU and

Campeloma tani GRABAU in its
upper portion, by Estheria middendorfi
MULLER in the mid-

dle portion, and tuffaceous
sandstone of variegated color in
the lower portion, usually
underlain by a thick heavy-
bedded conglomerate at the base.
Thickness 800-1,200 m.

Jurassic Period
Upper Series
Fu-hsin Series
S. Oisur and G. Morrra called the Upper Jurassic formation of the South
Manchurian type the Fu-hsin series. Typically developed in the Fu-hsin coal
field, it consists of cross-bedded coarse sandstone, pale grayish shale, white
tuffaceous fine-grained sandstone and conglomerate; its middle part contains
first and second groups of coal seams. Several horizons of shale yield very well
preserved fossils listed below. Thickness about 2,200 m.
Fossils:
Coniopteris hymenophylloides (BROGN.)
Ginkgoites cf. sibirica (HEER)
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Baiera cf. gracilis (Buns.)
Elatocladus manchurica (YOK.)
Phoenicopsis speciosa HEER

P. angustifolia HEER

Putyophyllum cf. lindstroemi NATH.
Sphenopteris goepperti DUNKER, etc.

Tsao-tzu-shan Stage
The present formation crops out on the northwestern slope of the 541-meter

hill between Tsao-tzu-shan and Chiu-kang village in the eastern part of the
Jehol mountainland. It consists of pale white limestone, pale gray to pale
green shale, and thick conglomerates. Thickness about 250 m.
Fossils:

Manchurochelys manchoukuoensis ENDo & SHIKAMA

Yabeinosaurus tenuis ENDO & SHIKAMA

Estheria sp., Lycoptera sp.

Ephemeropsis trisetalis EICHWALD

Middle Series?
Lower Series?

Triassic Period

Chiu-fo-tang Series (Rhaeto-Lias?)

The Chiu-fo-tang Series is distributed rather extensively in the following
areas: Chien-chan, Ling-nan, Ning-cheng, Feng-ning, Yi-hsien, Hei-cheng-
tze and Chao-yang in the Jehol mountainland. Alternation of thin-bedded,
pale gray to pale green shale and grayish white sandstone, tuffaceous conglo-
merates containing thin seams of oil shales. Thickness 620 m.

Fossils:

Monjurosuchus splendens ENDO
Rhynchosaurus orientalis ENDO & SHIKAMA
Lycoptera davidi (SAUVAGE)

Astacus licenti v. STRAELEN

Sinoblatta latyangensis PING
Czenkanowskia rigida HEER

Schizolepsis jeholensis YABE & S. ENpO

Upper Series
Pei-piao Series (Noric—Rhaetic)
The Pei-piao Series is typically found in the Pei-piao coal field, 180 km
ssw of Hsin-yang. It occurs also in other coal fields in Jehol Province such as
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Chiao-yang, Wei-chang, Ying-hua and Nan-piao. Gray to black shale, sand-
stone, conglomerate, and pyroclastic rocks which contain many coal seams.
Gray shale of the upper part yields insect remains such as Mesoblattina sinica
Pine and Sinoperla abdorminalis Ping. The following, well preserved plant
fossils are found in several horizons in this shale and the sandy shale complex.
Thickness about 800-1,000 m.
Fossils:
Neocalamites hoerensis (SCHIMPER)
Cladophlebis haiburnensis (L. et H.)
C. denticulata (Br.)
Phoenicopsis cf. manchuriensis YABE & OisHI
Czekanowskia rigida HEER
Podozamites lanceolatus (L. et H.)
Ginkgotes sibirica (HEER)
Middle Series?
Lower Series?

Tai-tzu-ho System
Permian Period
Upper Series
Tsai-chia Series (Zechstein-Trias?)

Its type locality is Tsai-chia-tun along the Tai-tzu-ho River, about 4 km
south of Pen-chi-hu. Its total thickness is estimated to be about 440 m. This
series does not crop out in the southern part of the Liao-tung Peninsula but it
is especially well developed in the vicinity of Pen-hsi-hu in the Tai-tzu-ho
region. Variegated shale and thick complex of quartz sandstones. Thickness
480 m. The present series may correspond to the Gobangsan Series in Korea
and the Shihhotze Series in North China.

Fossils:

Annularia crassiuscula HALLE
Cladophlebis Nystroemi HALLE
Gigantopteris nicotinaefolia SCHENK
Pecopterts samaropsis OGURA

The last listed species is a very remarkable one in that a seed of Samaropsis
affinis type distinctly adheres to a frond of Pecopteris arborescens. The present
specimen was collected by the writer in 1945 and described by Y. Ocura in
a paper entitled “A new example of seed-bearing Pteridosperms from Man-
churia” in the Proceedings of the Japan Academy (XXIV: 10) in 1948.

Lower Series
Liu-tang Series (Rotliegendes)
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The type locality is the Liu-tang Mine, 2.7 km west of Pen-hsi-hu. This
series does not crop out in the southern part of the Liao-tung Peninsula except
at Fu-chou where its lower part alone is developed. However, its lithic charac-
ter and fossils may be almost identical with those of the Tai-tzu-ho district.
Alternation of gray to black sandstone and shales with many coal seams. Fire-
clays and aluminuous shales are contained in the upper part of this series.
Many marine fossils, Chonetes latesinuata SCHELLWIEN, Productus taiyuanfuensis
GraBAU, Aviculopecten manchuriensis Cuao, and Lima striatiplicata CHAO,
as well as many species of corals and sea-urchins are found in the dark-
grayish shale from the lower part of the series at Niu-sin-tai coal field. This
represents the last marine transgression in Manchuria. Moreover, many well
preserved plant fossils are contained in several horizons throughout the series.
Thickness about 55 m.

Fossils:

Pecopteris hirta HALLE

Cladophlebis Nystroemi HALLE
Sphenophyllum oblongifolium (G. & K.)
Calamites Suckow: (BRONGN.)
Annularia orientalis KAWASAKI
Lepidodendron oculis-felis (ABB.)
Stigmalia ficoides (GERM.)

Taentopteris multinervis WELSS.

T. Schenkit STERZEL

Lowermost Series

Huangchi Series (Sakmarian)

The type locality of the Huang-chi Series is Huang-chi-kou, about 3 km
west of Pen-hsi-hu; both lithic and faunal characteristics of the Tai-tzu-ho
district and the southern part of the Liao-tung Peninsula are rather remark-
ably different in that no limestone strata are intercalated in the former while
the latter contains many layers. There is alternation of pale black to gray
sandstone and shale containing many coal seams. A good fire clay is found in
the basal part. Several lenticular limestones containing Pseudoschwagerina
globosa (SCHWAGER), Schwagerina expansa (LEE), Productus taiyuanfuensis
GRraBAU are intercalated in this series. About the same flora as that of the
Liu-tang Series is found throughout this series. Thickness 90-100 m.

Carboniferous Period
Upper Series?
Middle Series

Pen-hsi-hu Series (Moscovian)
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In general, the Pen-hsi-hu Series rests unconformably parallel upon the
Ssu-yen Series of the Middle Ordovician and belongs to the Middle Carboni-
ferous Moscovian. It consists mainly of the alternation of shale and sandstone
intercalated with several layers of limestone. The predominant color is a re-
markable reddish ochre. The reddish-ochre shale is well developed in the
basal part of this series. This series often contains aluminous shale, fire clay,
and thin coal measures. Nodular limonite ores are often contained in the red-
dish-ochre aluminous shales in the basal part. In the Tai-tzu-ho district, black
to grayish lenticular cherts are sometimes found in the upper part of the series.
Its total thickness is estimated at 70-90 m in the southern part of the Liao-
tung Peninsula and about 120 m in the Tai-tzu-ho district.

Fossils:

Fusulinella bocki MOLLER
F. praesimplex (LEE)
Fusulina cylindrica FisHER & DEWELPHEER
Spirifer mosquensis FISHER
S. jigulensis STUCK
Squamularia asiatica CHAO
Arachnastraea manchurica YABE & HAvAsakA
Syringopora reticulata GOLDFUSS
Chaetetes asiatica YABE & HAvAasaka
Lower Series?

Devonian Period (Not developed)
Silurian Period (Not developed)
Ordovician Period
Upper Series (Not developed)
Middle Series
Ssu-yen Series

Type locality is Ssu-yen-kou, just north of the Pen-hsi-hu Colliery, Liao-
ning Province. This series is relatively widely distributed in the Tai-tzu-ho,
Pe-chi-li, Kuan-tung and Hun-chiang areas and also crops out sporadically
in Jehol Province.

Gray to light gray banded limestone, dolomitic limestone with intraforma-
tional conglomerates. A remarkable Stromatocerium reef is found in the lower
part. Several horizons of the banded limestone yield well preserved Actinoce-
roid fauna which are comparable to the Black River fauna in the United States.
Thickness about 50-70 m.

Fossils:

Armenoceras richthofeni (FRECH)
A. yabei ENDO
A. orientale EnpO
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A. elongatum ENDO

Polydesmia elegans (ENDO)
Nybyoceras foerstei ENDO
Sactoceras kobayashii ENDO
Maclurites bigsbyi HALL

M. nitida (ULRICH & SCOFIELD)

Lower Serics

Kang-yao Series
The Kang-yao series is found in association with the overlying Ssu-yen
Series throughout South Manchuria. There are notable fossil localities of this
series in the vicinity of Shang-kan-yao and the northern foot of San-ling hill
near the Fu-chou Colliery.
Gray to dark gray banded limestones, occasionally intercalated with sandy
limestone and intraformational conglomerates. Thickness about 140 m.
Fossils:
Armenoceras tani (GRABAU)
Lophospira aojiz ENDO
L. producta pagodar ENDO
Eotomaria barbourt GRABAU
E. ulrichi ENxpo
Ctenodonta takahashii ENpo
Anthaspidella? radiata Expo

Lowermost Series

Wu-ting Series
The Wu-ting Series is widely distributed along the course of the Tai-
tzu-ho River, on the coast of the Gulf of Pe-chi-li, and in the Kuan-tung
district. It also crops out sporadically in Jehol Province. Gray to dark are-
naceous limestone, with several intraformational conglomerate. Thickness
about 90 m.
Fossils:
Orthis nipponica KoBAYASHI
Raphistoma cf. aequilaterum KoKEN
Wutingia rectangulusa ENDO
Hystriculus granosus (ENDO)
Asaphellus orientalis ENDO
Basiliella wusungensis ENDO
B. spiculum (ENpO)
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San-tao Series
The San-tao Series is widely distributed along the course of the Tai-
tzu-ho River, on the coast of the Gulf of Pe-chi-li, and in the Kuan-tung dis-
trict. It also crops out sporadically in Jehol Province. Arenaceous limestone
with intraformational conglomerate, and shaly limestone in the lower part.
Thickness about 55 m.
Fossils:
Calathium frechi ENDO
Anthaspidella? radiata ENpO
Piloceras manchuriensis ENDO
Penhsioceras fusiformae ENpO
Cameroceras cf. styliforme GRABAU

Wan-wan Series
The Wan-wan Series is widely distributed along the course of the Tai-tzu-
ho River, on the coast of the Gulf of Pe-chi-li and in the Kuan-tung district.
Gray massive limestone, calcareous shale with intraformational conglomerate
and a thick complex of Collenia limestone in the lower part. Calcareous shale
complex yields rather good trilobites and primitive cephalopods as well as
well preserved Riberidae.
Fossils:
Tellerina orientalis ResserR & ENDO
Saukia ulricht Resser & Enpo
Calvinella striata Resser & Enpo
Wanwanoceras peculiare KoBAYASHI
Ectenoceras ruedemanni KoBAYASHI
Eremoceras arcuata Resser & Enpo
Wanwania cambrica KoBAYASHI
Wanwanella striata KoBAYASHI
Wanwanoides trigonalis KoBAYASHI
Ribeiria manchurica KoBAYAsHI
Eopteria asiatica KoBAYASHI
Other primitive cephalopod specimens Ellesmeroceras elongatum KoBA-
vAsHI, Fctenoceras curvatum KoBavasui, and Multicameroceras multicameratum
Kogayasur are also found in the Collenia limestone of the basal part.

Cambrian Period
Upper Series (Chau-mi-tian Series)
Yen-chou Stage
In Kuan-tung district the Yen-chou stage crops out in a small area near
the middle of Kan-tao-tzu Island.
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On the coast of the Gulf of Pe-chi-li, it crops out on the summits of Tai-shan
and Pai-shan mountains.

In the Liao-yang—Yen-tai area, it occurs on the cliffs near Yen-chou-
cheng, where it extends both southwest and northeast.

In the neighborhood of Pen-hsi-hu it occurs in the valley of Huo-lien-chai.
It is distributed also near Niu-hsin-tai and Hsiao-shih Collieries.

The Yen-chou stage occurs sporadically in several areas of eastern Jehol.

Gray limestone with intraformational conglomerate and thin beds of yel-
lowish shale. The following three fossil zones are found in this stage. Thick-

ness about 100 m.
Fossils:

Dictyella zonc
Prosaukia? orientalis KoBAYASHI
Pagodia divergens ENDO
Dictyella trigonalis KoBAYASHI
D. wuhuensis KoBAYASHI
FEoorthis pagodiformis KoBAYASHI
Acrotreta kaoliensis ENDO

Pagodia buda zone
Huenella sexplicata KoBAYAsHI
Pagodia buda REsser & Enpo
P. trigonalis ENDO
Quadraticephalus calchas (WALCOTT)
Saukia? orientalis REsser & ENDO
Ptychaspis sphaerica REssErR & ENpO
Koldinioidia aspinosa KoBAYASHI
Parakoldinioidia typicalis ENDO

Tsinania zone
Tsinania canens WALCOTT
T. longicephala REsser & ENpO
Pagodia buda REssEr & EnNpo
Tellerina sulcatifera ENDO
Saukia? orientalis REsser & ENDO
Kaolishania pustulosa Sun
Ptychaspis sphaerica REsser & ENpO
Parakoldinioidia typicalis ENDO
Asioptychaspis ceto (WALCOTT)
Agnostus hoiformis KoBAYASHI
Pseudagnostus solus ENDO
Paramansuyia planilimbata ENpo

Daizan Stage
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The type of this stage is found on the northern slope of Dai-tzu hill,
1.6 km southeast of Chin-chia-cheng-tzu near the coast of the Gulf of Pe-chi-li.
In addition to the type locality, the Daitzu Series has been recognized at Tan-
shih-ling, 3.2 km southeast of the Yen-tai Colliery, and San-fan-la-tzu-shan
on the eastern rim of Niu-hsin-tai Basin.

Black to gray limestone with intraformational conglomerate. Thickness
about 25 m. Paramansuyella granulosa zone and Paramansuyella puteata zone are
contained in this stage.

Fossils:

Paramansuyella granulosa zone
Paramansuyella granulosa ENDO
P. planilimbata ENDO
Mansuyella tokunagai (KoBAYASHI)
Agnostus hoiformis KoBAYAsHI
Pseudagnostus cyclopygeformis SUN
Crepicephalus chinchiaensis ENDO
Hyolithes paishanensis ENDO
Palacostrophia orthia (WALCOTT)
Acrotreta kaoliensis ENDO

Paramansuyella puteata zone
Paramansuyella glabra ENDO
P. puteata ENDO
Maladioidella splendens ENDO
M. convexolimbata ENDO
Eymekops rectangularis ENDO
Obolus sankiensis KOBAYASHI

Pai-shan Stage

The type locality of the Pai-shan stage is found on the northern slope of
Pai-shan and Dai-shan near Chin-chia-cheng-tzu on the coast of the Gulf
of Pe-chi-li. It occurs also in several comparatively small areas in Kuan-tung
district. In the Liao-yang—Yen-tai area this formation crops out on the
northern lower slope of Tang-shih-ling-shan.

Alternation of black, compact limestone and grayish, sandy limestone with
quite a few intraformational conglomerates and pale yellowish shale. Thick-
ness about 40 m. Chuangia transversalis and Chuangia batia as well as Prochuangia
zones are found in this stage.

Chuangia transversalis zone

Fossils:

Billingsella simplex REssEr & ENDo
Acrotreta paiensis ENDO
Chuangia batia (WALCOTT)
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C. tolli RessEr & ENpo

Agnostus hoiformis KoBAYAsHI

Pseudagnostus cyclopygeformis (SUN)

Crepicephalus orientalis ENDO

Maladioides astaticus KOBAYASHI

Kingstonia paichiaensis KOBAYASHI

Pagodia trisulcata ENDO
Prochuangia zone

Fossils:
Prochuangia imamurai ENDO
Manchurocephalus deprati (MaNsuy)

Middle Series (Chang-hia Series)
Ku-shan Stage

The type locality of the Ku-shan stage is found in Chang-hia district, Shan-
tung. In Manchuria, it is developed most typically in the area adjacent to the
Gulf of Pe-chi-li. It is also found in both Kuan-tung and Tai-tzu-ho districts
but becomes very thin there and in several places cannot be identified without
careful examination.

Compact, dove-colored limestone with cherty matter, and dark-greenish,
sandy shale as well as yellowish shale. The latter predominates in the lower
part. Five fossil zones are contained in this stage. Thickness 20-60 m.
Blackwelderia longispina zone

Fossils:

Blackwelderia longispina REssErR & ENDO
Lorenzella ogurai REsser & ENDO
Blackwelderia cornuta zone
Fossils:
Blackwelderia? cornuta ENDO
B. granosa ENDO
Teiniston alcon (WALCOTT)
Drepanura premesnili zone
Fossils:
Drepanura premesnili BERGERON
D. pusilla Resser & EnNpo
D. kettelert MONKE
Agnostus douvillet BERGERON
Liostracina krauset MONKE
Shantungia spinifera WALCOTT
Damesella manchuriensis ResserR & ENDO
Stephanocare richthofeni MONKE
Teiniston truncatus ENDO
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Damesella paronai (ATRAGHI)
Blackwelderia longispina REssEr & ENDO
Lorenzella rotundata REssEr & ENDO
Lorenzella-Lingulella zone
Fossils:
Lingulella hsiensis REssErR & ENDO
Obolella tschanghsingensis ENDO
Lorenzella ogurat Resser & ENDO
Damesella damesi Risser & ExNpoO
Blackwelderia spectabilis Ressir & ENDO
Koptura lisani zone
Fossils:
Lingulella tsuchidai ENpO
Koptura lisani (WALCOTT)
Damesella damesi Resser & ENDO
D. latelimbata ENDO
Blackwelderia spectabilis REsser & ExpoO
Damesella paronai ( ATRAGHI)
Fengtienia peculiaris ENDO

Taitzu Stage

The type locality of this stage is loated on the Pao-ching Ridge along the
Tai-tzu-ho River. The Tai-tzu stage forms comparatively high hills and ridges
throughout South Manchuria.

Ping-shan Ridge, La-chu-shan, Hsi-tai-shan and Chi-ting-shan in the Kuan-
tung district; Dai-shan and Pai-shan on the coast of the Gulf of Pe-chi-li;
Pao-chin Ridge, Iwayama and Wo-lung Ridge in the Tai-tzu-ho area are re-
presentative ridges consisted of this stage.

Alternation of gray to black oolitic limestone and compact limestone. The
stage contains four fossil zones. Dorypyge richthofeni is the most characteristic
species. Thickness 80-120 m.

Damesella- Teiniston zone

Fossils:

Agnostus damest RESSER & ENDO

Solenoparia tersa ENDO

Damesella conica RessEr & ENDO

Teiniston lanciforme ENDO

Aojia reflexa ENpo

Paishania parallela ENpo
Amphoton zone

Fossils:

Manchuriella convexa (ENDO)
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Amphoton deois (WALCOTT)
Elrathia conoidea (WALCOTT)
Aojia spinosa Resser & ENDO
Solenoparia luna ENDO
S. hemicycla RessEr & ENDO
S. liaoyangensis ENDO
Anomocarella deflecta ENDO
A. orientalis ENpO
Dorypyge ricthofeni DAMES
Proasaphiscus ephori (WALCOTT)

Crepicephalina zone

Fossils:

Helcinella rugosa orientalis (WALCOTT)
Crepicephalina mukdensis Resser & ENDO
C. quadrata Resser & EnDO
C. pergranosa Resser & ENDoO
Anomocarella tumida ENpO
Aojia spinosa REsser & ENDO
A. divergens ENDO
Elrathia taitzuensis ENDO
Drypyge richthofeni DAMES
Eymekops quadrilateralis ENDO
Solenoparia planifrons REssErR & ENDoO
S. sobyosiensis ENDO
S. triangulata Resser & ENDO

Anomocarella- Manchuriella-Ptychoparia zone

Fossils:

Taitzuia liaotungensis ENDO
T. granulosa ENpO
Proasaphiscus quadraticaudatus ENDO
Dorypyge richthofeni DAMES
Manchuriella granulosa ENDO
Nisusia concentrica REsSER & ENDO

Tang-shih Stage

The type locality occurs on the northeastern slope of Tang-shih-ling, 3.2
km southeast of Yen-tai Colliery, north of the Tai-tzu-ho River. This stage
crops out extensively throughout the Kuan-tung, Pe-chi-li, and Tai-tzu-ho
areas. It is thickest in the Kuan-tung district and gradually thins toward the
north; the Tang-shih is distributed also in the eastern part of Jehol Province.
Alternation of pale yellowish-brown shale and brownish, sandy shale with
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some reddish shale and lenticular oolitic limestone intercalated. Thickness
about 25 m.

The state of preservation of the fossils in this stage is probably better than
that of any of the other older formation in Manchuria. Bailiella ulrichi and
Proasaphiscus yabei zones are included in this stage.

Bailiella ulrichi zone
Fossils:
Acrothele eryx (WALCOTT)
Bailiella ulrichi Resser & ENDO
Proasaphiscus yabei zone
Fossils:
Acrothele eryx (WALCOTT)
Hpyolithes cariniferus REsseR & ENDO
Proasaphiscus yabei RESSER & ENDO
Asaphiscus walcotti REssEr & ENDO

Lower Series (Man-tou Series)
Shih-chiao Stage
The type locality is on the low hill directly east of Shih-chiao-tzu Station on
the An-tung—Hsin-yang Railroad Line. The present stage has, as far as
is known, the same distribution as the underlying Misaki stage, with
which it is closely associated in all sections of the Kuan-tung, Liao-yang—
Yen-tai, and Pen-hsi-hu areas. It occurs on the coast of the Gulf of Pe-chi-li,
namely, on Chang-ling-shan, 3.2 km east of Chin-chia-cheng-tzu, and on the
southern slope of Chu-tzu-shan directly east of the same village. This stage
is distributed rather extensively in the eastern part of Jehol Province.
Reddish-purple, micaceous shale and pale greenish shale with pale reddish
lenticular limestone. Thickness 50-110 m.
Fossils:
Wimanella taei Resser & ENDO
Hpyolithes kuantungensis REsser & ENDO
Piychoparia orientalis RESSER & ENDO

Misaki Stage

The type locality of the Misaki stage is located on the southwestern slope
of the 74 m hill, 1.6 km southwest of San-shih-li-pu, and on the northern slope
of nearby Misaki-yama, slightly north of Chin-chou, Kuan-tung district.

The upper limit of the stage is not well defined in any area because there
is transition into similar shales of the Shih-chiao stage. The Misaki stage crops
out throughout South Manchuria wherever the Cambrian system occurs.

Reddish purple micaceous shale with lenticular pale reddish compact and
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oolitic limestone. Pale reddish compact banded limestone is found in the

basal part.

The lenticular limestones are often composed of Girvanella remains. Several
horizons of reddish shale and banded limestone yield rather well preserved
specimens of Redlichia chinensis WavrcorT, Cheiruroides orientalis REssErR & ENpo,
and Lingulella yabei Resser & ENnpo. Thickness about 90-200 m.

Proterozoic (Sinian)
Neo-Proterozoic

S. P’yongan-Liaotung (Heinan-Ryoto) type of the Sinian (type I)V
This consists of the following (in descending order):

Nan-shan series

Kuan-tung series

Nan-shan stage: almost entirely slate,
interbedded with quartzite and lime-
stone: thickness

Ma-chia-tung stage: siliccous limestone:
thickness

Shih-san-li-t’ai stage: Collenia limestone:
thickness

—Unconformity. SR

Ying-cheng-tan stage; black limestone:
thickness

Onoda stage: platy limestone containing
Collenia: thickness

Kan-ching-tzu stage: dolomite and lime-
stone containing Collenia : thickness

Nan-kuan-ling stage: limestone, lower part
contains impure limestone: thickness

Chang-ling-tzu stage: phyllitic slate, upper
part contains limestone: thickness

- Conformable —

Ta-ho-shang-

shan series

1) MATsusHITA, Susumu (1935); Mem. Ryojun Coll. Eng., Vol. VIII, No. 2.

Lung-tou stage: white quartzite:
thickness

Ying-ke-shih stage: phyllitic limestone
and calcarcous phyllite: thickness

Cha-kou stage: quartzite: thickness

Lung-wan-tang stage: platy quartzite:
thickness

Wai-tou-shan stage: quartzite: thickness

Huang-ni-chuan stage: calcareous and
phyllitic slate

400-800 m
50-200 m

50-150 m

370-400 m
270-400 m
450-700 m
800-1,000 m

?—700 m

150 m

30-200 m
1,000 m

800 m
500 m
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The type locality is the southwestern part of the Liao-tung Peninsula covering
Lu-shun, Ta-lien, and Chin-chou. The age is Neo-Proterozoic. It is unconformably
overlain by the Lower Cambrian. Intruded by the granite of, or separated by my-
lonite from, the Liaotung system.

N. P’yongan-Taitzuho (Heihoku-Taisika) type of the Sinian (type II)®

This type consists of the following (in descending order):

Chin-chia black limestone:

limestone: thickness 200-400 m
Wu-hsing-shan Kao-cha-tun shale and sandstone:
series calcareous shale and siliceous
sandstone: thickness 800-1,000 m
— — Conformable ——— e
Chiao-tou quartzite: quartaite, siliceous
slate in alternation: thickness 220-750 m
Ty s Nan-fen shale and marl: shale and marl:
thickness 380-1,200 m
Chiao-yu-tai quartzite: quartzite:
thickness 80-200 m

“Pe-chi-li series” is an alternate name for Chin-chia black limestone. The Yung-
ning sandstone in the vicinity of Fu-chou is partly contemporancous to the Kao-
chia-tun shale and sandstone, although the greater part of the Yung-ning sand-
stone belongs to the Lower Cambrian. The type locality is the Fu-chou area, and
along the course of the Tai-tzu-ho. The age is Neo-Proterozoic. It underlies un-
conformably the Lower Cambrian and overlies unconformably the Kung-chiang-
ling granite and older complex formations. The Wu-hsing-shan series is correlated
with a part of the Kuan-tung series. The Hsi-ho series containing wind-faceted
pebbles may be partly contemporaneous with the Torridonian sandstone of

England.

Kung-chang-ling (Kyuchorei) granite

Cataclastic rock containing quartz, plagioclase (albite-oligoclase), microcline
(20-259,), and a small amount of mica.

Hsiang-lu-shan granite and Hsiao-li-kuo granite are included in this granite. The
type locality is near the An-shan Iron Mine. The age is Proterozoic. It is intruded
into the Liaotung and the Huchen systems. It is unconformably overlain by the
Sinian system. There are two ages of intrusion of the granite, corresponding to the
Hsiang-lu-shan and the Hsiao-li-kuo granites.

An-shan (Anzan) series
This series consists of the following (in descending order):

2 Aoj1, Otoji (1928); Proc. Imp. Acad., Vol. IV, No. 10.
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Shu-shan beds Tuffaceous sandstone and shale inter-

bedded with quartz porphyry: thickness

An-shan unknown
series An-shan series Phyllites, schistose grits, quartzites, acti-
(Restricted) nolite schists, and banded iron ore:

thickness 350-500 m

The type locality is near the An-shan Mine. The age is Proterozoic. This series
corresponds to a part of the Nu-chen system. It unconformably underlies the Hsi-
ho series (Sinian) and overlies unconformably Tui-mien-shan granite. Itis intruded
by Kung-chang-ling granite, and may be contemporaneous to the Chi-tung group
in North China. The present series is also distributed at Kung-chang-ling Iron
Mine, near Chiao-tou (along the Mukden—Antung Railway Line).

Eo-Proterozoic
Tui-mien-shen (Taimonzan) granite

The rock is of leucocratic and cataclastic structure, composed almost wholly of
feldspar and quartz, but containing 4-59, microcline. Accessory minerals are
apatite and sphene.

The type locality is near the An-shan Iron Mine. The age is probably Eo-Pro-
terozoic. This granite is probably intruded into the Liao-tung system and is also
overlain unconformably by the Nu-chen system and the An-shan series. The
Tui-mien-shen granite occurs also near Tieh-ling.

Liao-ho (Ryoga) system?®

This system represents the oldest metamorphosed rocks undoubtedly of sedi-

mentary origin. Order of succession (descending):

a. Upper (Kai-ping Series) : Consists chiefly of greenish mica phyllite and mica
schist commonly containing sillimanite and staurolite: thickness 10,000—
15,000 m.

b. Middle (Ta-shih-chiao Series): Consists chiefly of crystalline dolomite and
limestone, in places containing Collenia-like fossils: thickness 4,000 m.

c. Lower: Biotite schist, two-mica schist, staurolite-biotite schist, quartz schist,
and limestone. Probably 1,000 m thick.

The type locality is the northern part of Liao-tung Peninsula including Hai-
cheng and Kai-ping districts. The age is probably Archaeozoic or Eo-Proterozoic.
It is unconformably overlain by the Hsi-ho series (Sinian), and intruded by the
Kung-chang-ling granite (Proterozoic). There is no place of direct contact in the
field, and it is not known whether the Nu-chen and the Liao-tung systems are
younger or older than the Liao-ho system. The lowest part is indistinct because of

3) Sarro, Rinji (1936); Bull. Geol. Inst. Manchukuo, No. 93.
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the injection of granite. It may be correlated with the Wu-tai system of Shan-hsi,
North China.

The Liaoho system is extensively distributed in a wide area along the course of
the Yalu River in An-tung and Tung-pien-tao, especially near Lin-chiang-hsien.

Archaeozoic Era
Liaotung (Ryoto) system

This system consists of epidote-mica schist, epidote-mica granite gneiss, and a
small amount of amphibolite. The Influence of an intrusion of aplite is great. All of
the rocks are of igneous origin. The process of metamorphism is inferred as follows:
Basic igneous rocks (plutonic or volcanic).

Intrusion of intermediate igneous rock.

Intrusion of basalt dikes.

Metamorphism to epidote-mica gneiss, epidote-mica schist.

Intrusion of granitic magma (muscovitization, potash feldspar metasoma-
tism) to form epidote-mica granite-gneiss (injection gneiss, permeation
gneiss).

f. Intrusion of “Halleflinta”.

The type locality is Ta-ho-shang-shan, 5 km east of Chin-chou, Kuan-tung-
chou. Age is probably Archacozoic. It is separated from the overlying Liao-ho
system by mylonite and was thought by SAWATARTI to be older than that system.
The lower limit is indistinct owing to migmatization. It is distributed in the south-
ern part of Liao-tung Peninsula covering Kuan-tung-chou, Ta-ku-shan, An-tung,
etc.

opp T

B. Columnar section of Northern Manchuria

Quaternary Period
Alluvial Series
Sand, gravel and clay
Pleistocene Series
Ku-hsiang-tun Stage
Ku-hsiang-tun, a treasury of Diluvium fossils, is a village located along the Wen-
chuan-ho, a tributary of Sung-hua-chiang, 5 km sw of the center of Harbin. The
Diluvium series crops out along the Wen-chuan-ho River and its tributary the
Wa-pen-yao-ho River. The Diluvium series, which forms the terrace group in the
vicinity of Harbin, is estimated to be about 25 km. In the vicinity of Ku-hsiang-
tun, its average thickness is about 10 m. It consists of a succession of clay, mud,
sand, sandy clay, and other sediments, and it is one kind of flood-plain lacustrine
deposit. It is different from the Ma-lan loess in that remarkable gravel beds are not
found in it. The succession of the Ku-hsiang-tun stage is as follows:
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Lower part: Bluish-gray to dark gray

ol Brmatian clay bed and sandy clay bed 2.8 m
= Upper part: Yellowish-gray argillaceous
sand to sandy clay bed 10 m
Forming of terrace: Dissection of the Wa-pen-yao-ho (Wa-pen-yao
stage)
Wen-chuan ho bed: Black mud bed (I m--average thickness)
Forming of terrace: Dissection of the Wen-chuan ho (Sung-hua-

chiang stage)

Fossils:

Rhinoceros antiquitatis BLum.

Canis lupus L.

Hpyaena ultima MATSUMOTO

Equus przewalskii PovrL.

Capreolus manchuricus Lyp.

Bos primigenius Boj.

Elephas primigenius BLuM.

Bison occidentalis Luucas.

Djalainor man.

Tertiary Period
Pliocene Series
Wu-yun Stage

Wu-yun is located along the Hei-lung-chiang, 90 km sk of Hei-ho, Hei-lung-
chiang Province and is opposite Innokenchefskaya, USSR. Wu-yun village, Wu-
yun hsien is one of the river ports between Hei-ho and Chia-mu-ssu. The vicinity
of Wu-yun is about 100 m above sea level. Hills of low relief, 280-290 m above sea
level, are distributed in the southern part.

The distribution area of the Tertiary system near Wu-yun is divided into two
localities, namely, the coastal district of the Hei-lung-chiang, and a distant area,
20 km south of the bank of the river.

The succession, in descending order, is as follows:

1. White arkose sandstone. Thickness about 30 m.
It sometimes grades into conglomerate. The diameter of the pebbles is less
than one cm. The present bed intercalates lenticular clay. Cross-bedding is
developed. Carbonaceous and siliceous wood is contained along the bed-
ding planes.

2. Coal measure 0.3-0.8 m
3. Coaly shale 0.2-0.3 m
4. Grayish-white arenaccous shale 20 m

Coal measures intercalate coarse sandstone(2), 0.1 m thick. Fragments of plant
fossils are found in the coaly shale (3) and grayish-white arenaceous shale (4).
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Miocene Series
Tomonsi (Tu-men-tzu) stage

Grayish-white tufl: thickness 104+m
Coarse sandy shale: thickness 1004+m
Diatomaceous sandy clay: thickness 1.5-4m
Conglomeratic sandstone: thickness 10+4+m
Basal conglomerate: thickness 2m

This formation rests upon Paleozoic hornfels and schists, granites, and the Hun-
chun group: it is covered by Diluvium. The type locality is Tu-men-tzu, Chien-tao
Province, Manchuria. Fossils of Pinus, (Abies), Querqus, Tilia, Carpinus and Juglans,
are found in several horizons.

Oligocene Series
Hun-chun Stage

The Hun-chun stage is an extension of the Kainei Series in northeastern
Korea and was deposited in the concave depressions on the bedrock of several
localities on the west coast of the Tou-men River in eastern Manchuria.

Arkose sandstone and red to green tuffaceous shale, containing coal seams, are
present. Thickness 600 m. The following listed plant fossils are found in several
horizons.

Acer arcticum HEER

Betula Brogniarti ETT.

B. prisca ETT.

Fagus Antipofi HEER

Platanus cf. aceroides GOEPP.

Populus arctica HEER

Sequioa Langsdorfii BRONGN.

Pliocene?

Cretaceous Period
Upper Series?
Middle Series
Hua-shan Stage
The Hua-shan stage crops out along both sides of the Mu-ling River, showing
anticrinorium in E-w extension and conglomerate containing many fossils of coni-
fers. Coals and bethonite are found in the lower part. Thickness 1,500-2,400 m.
Fossils:
Equisetites sp.
Cladophlebis denticulata BRONGN.
Sphenopteris Goepperti DUNBER
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Onychiopsis elongata BRONGN.
Baiera manchurica Y ABE & OI1sHI
Nilssonia sp.

Lower Series

Ta-la-tzu Stage

The Ta-la-tzu stage is distributed in an area situated approximately midway
between the Ho-lung graben near San-tao-kou and the Tu-shan-tzu graben nw
of the former, in eastern Manchuria.

Alternations of yellowish-brown sandstone and shale with oil shale are present.
Pale yellowish-gray conglomerate is developed at the base. Thickness 1,000 m. The
interesting fauna of Sphaerium chientaoense Suzuki, Viviparus (Tulotomoides) talatzu-
ensis Suzuki, Bulimus cf. chobnokyi (ScHLosserR) and a fish fossil, Manchurichthys
uwatokoi SAITO, are found in some horizons of shales.

?

Chuan-tou Stage (Jura-Cretaceous Period)

The Chuan-tou stage is typically found near Kao-tai-tzu, east of Chuan-tou
station on the main railroad between Ta-lien and Chang-chun. It is found north-
eastward along the railroad from Chuan-tou via Kai-ping, Chang-tu, Ssu-ping-
kai, to Chang-chun and from the latter place to east of Harbin. Reddish-purple
loose sandstone, sandy tuff, conglomeratic shale with the basal conglomerate are
present. Thickness 500 m.

Fossils:

Onychiopsts elongata (GEYL.)
Sphenopteris Goepperti DUNKER
Baiera manchurica YABE & OisH1
Phoenicopsis speciosa HEER
Podozamites lanceolatus (L. & H.)
Chelonia sp.

Jurassic Period

Lung-ching Stage

The Lung-ching is always developed in association with the Ta-la-tzu stage;
therefore, some geologists insist that the present formation may be included in
the latter stage. Reddish-brown sandy shale, pyroclastic rocks and a basal con-
glomerate are present. Coal and oil shale are contained in some horizons, and
Onychiopsis elongata (GEYLER), Taeniopsis Uwatokoi O1sui, Pityophyllum Nordenskijold:
(HEER) are found in this stage.
Upper Series
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Mi-shan Stage (Toyama Stage)

The present stage occurs typically in the Mi-shan coal field in northeastern
Manchuria and it is distributed also in such coal fields as Hu-li-kang, Hu-lung, and
Chao-ho.

The present stage may be equivalent to the Toyama stage in the Hulunbuir
district.

There is alternation of black to gray shale and sandstone as well as conglomer-
ates in the basal part, usually containing quite a few coal seams. Thickness 100-
250 m. Several horizons of shale yield the following fine plant fossils:

Todites Williamsoni (BRONGN.)

Cladophlebis denticulata (BRONGN.)

C. lobifolia (PHILLIPS)

C. browniana (DUNKER)

Coniopteris hymenophylloides (BRONGN.)

Sphenopteris goepperti (DUNKER)

Elatocladus manchurica (YOKOYAMA)

Podozamites lanceolatus (L. & H.)

Ginkgoutes cf. sibirica (HEER)

Pityophyllum Nordenskijoldi (HEER)

Middle Series?
Lower Series?
Triassic Period?

The Mammo Group was named by T. KoBavasnrin 1942. The term was applied
to a series of Paleozoic formations extending from central and north Manchuria
eastward to the maritime provinces of USSR. and westward at least as far as Mon-
golia. Other outcrops are known in northeastern Korea.

Upper group

Permian

Pyoksong formation

The present formation is distributed in the south of the Tou-man River, in the
most northeastern part of Korea.

It consists of sandstone, shale, hornfels, conglomerate, clay slate, limestone,
chlorite schist, mica schist, and hornblendite.

Fossils:

Productus sp.
Spirifer sp.
Pseudodoliolina sp.
Parafusulina sp.
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