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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-

3



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,



6 KOREA

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.)






