Geologic Structure of North
Korea and South Manchuria
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Introductory Note

Various geologic structures, each bearing its own history of tectonic develop-
ment, are found in Japan, Korea and Manchuria. Their comparison is, therefore,
a subject of more than local interest. I have already published the results of my
studies on Japan in 1941.

In Korea and South Manchuria there are three folded zones called, from north
to south, the Taitzuho, P’yeongnam and Okch’eon zones. They are separated by
the P’yeongbuk and Shantung-Kyeonggi massives. The stratigraphic sequences
of these zones are very different from one another, but agree in the absence of
volcanic material in Palaeozoic and older sediments. In contrast, volcanic erup-
tions took place repeatedly in the Chichibu geosyncline from which the Japanese
islands developed. The Akiyoshi, Sakawa or Oyashima folded mountains in Japan
differ from the structures of the folded zones in Koreo-Manchuria in that a
metamorphosed axis is present in each.

The anticlines and synclines in the Okeh’eon zone in South Korea have pro-
longed axes which are nearly parallel to one another and have many long thrust
lines. Such parallelism is not seen in the P’yeongnam-Liaotung or the Taitzuho-
Yalu zone. The P’yeongnam-Liaotung zone consists of many brachy-anticlines
and -synclines, and structural domes and basins which are disposed in checker
pattern. In the Liaotung peninsula remarkable differences in the stratigraphic
sequence and the mode of crustal deformation between the P’yeongnam geosyn-
cline and P’yeongbuk massif, on the south and north side of the Yatung bay re-
spectively, are interesting. From the Taitzuho valley to the Yalu-Hunchiang trib-
utaries one can see a great variety of deformation which occurred in kratonic and
quasikratonic terrains. It is of primary importance to describe these various aspects
of geologic structures to the extent that they are known in the Taitzuho-Yalu zone
as well as the P’yeongnam-Liaotung zone.

Because different types of structures were produced at one place or another by
the same disturbance, such differences must be attributed to the quality and quan-
tity of sediments and the character of their basement. There are excellent examples
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of differential movement between plastic sediments and a rigid basement. An
attempt to classify the major and minor structures is presented in the concluding
chapter.

Korea and South Manchuria were consolidated almost completely by the late
Mesozoic batholithic invasion of a granitic magma. After this oronization, the
terrain was anoronized, as discussed in my paper on the geology of South Korea.
“Geology and Mineral Resources of the Far East, vol. 1.”” Although little can be
said of the Tertiary history of these two zones, additional information is provided in
the first chapter as to fragmentation and topo graphic development of the region.

Since 1926 I have visited the continent many times to make geological surveys
in the Huolienchai, Niuhsintai, Chinchiachengtzu and Wuhutsuei basins in South
Manchuria and the Ch’osan, Kojang, Koweon, Mandal-san and Kyeomi-p’o
arcas in North Korea. In addition, I made short trips to the Hsiaoshih coalfield,
the eastern area of Liaoyang, and Sanshihlipu and its vicinities in the Liaotung
Peninsula and the Manp’o-jin, Huch’ang, Ch’angni, Chunghwa, Sangweon,
Sariweon, and Sinmak areas in Korea to see geological sections or to make fossil
collections. These geological surveys and reconnaissances were made chiefly for
the purpose of studying the Eo-Palaeozoic stratigraphy and palaeontology, but
I have also noted the tectonic aspects as much as possible.

In 1941 I had the opportunity to conduct geological surveys in the tectonically
very important Penhsihu and Wafangtien areas with my students, and was able
to visit many places in the region. Compared with the vast terrain of North Korea
and South Manchuria, however, the areas I saw are very small in total, though
they include key points.

Geological descriptions of many areas, some of which go into great detail, exist,
and certainly Korea and South Manchuria belong to the part of Asia whose geol-
ogy has been well surveyed. Nevertheless, the results so far achieved in the geology
of this region have never been schematized from the tectogenetic point of view.
I have taken the liberty to make such a synthesis for the P’yeongnam geosyncline
and Taitzuho depression, as I have seen many places on both sides of the Yalu
river, and have published the results in three papers in Geology and Mineral Re-
sources of Eastern Asia in 1953, In 1956 I revised the papers and published them as
“A Contribution to the Geotectonics of North Korea and South Manchuria,”
with the addition of an outline of the regional geology and comparative tectonics.

Thanks to the efforts of many geologists, the stratigraphy of the Sinian, Korean
and Heian groups which constitute the folded areas are now so well defined that
we can see their general picture. This is not the case for the Mesozoic formations,
notwithstanding the fact that a knowledge of Mesozoic stratigraphy is a prereq-
uisite for phase analysis, because the Mesozoic was the orogenic era whereas the
Palaeozoic was the epirogenic era in the region. For this reason I have undertaken
studies of the non-marine Mesozoic formations and fossils in Eastern Asia with
several collaborators. This project advanced fairly rapidly for some years after
1941, but I still found need for careful checking of selected Mesozoic areas.
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Fortunately, I was able to refer to many papers gathered by the Committee for
the Compilation of Geology and Mineral Resources of the Far East of the Geo-
graphic Society of Tokyo. I have also tried to refer to recent contributions pub-
lished in China and North Korea, although this could only be done to a limited
extent. The Pre-Cambrian rock-sequence has been emended here on the basis of
new geochronological data. Because my field experience is limited, I cannot be
responsible for all the facts. However, their evaluation, interpretation and orienta-
tion in the tectonic synthesis were made on the basis of my own experience and
are my responsibility. My sincere thanks are due to the many persons and organi-
zations who provided assistance and cooperation in this study.

Two kinds of romanization of geologic terms commonly used in geology of Korea and South

Manchuria (Northeast China).
0Old Romanization
Bukkokuji igneous group
Chokken series
Chosen group
Daido series
Gishu disturbance
Genzan-Keijo tectonic valley
Greenstone series
Heian group
Heihoku land
Heinan zone
Honkeiko formation
Jido series
Kankyo fault system
Keiki land
Keirin group
Kenjiho limestone conglomerate
Kishu-Meisen graben
Kobosan series
Koten series
Kuken series
Liao-Gaima land
Miyanohara formation
Rakuro complex, peneplain
Reinan land
Rensen system
Rishu piedmont plain
Roppyakusan peneplanation
Shichihosan horst, series
Shidogu series
Shiragi series
Shogen group
Shorin disturbance
Taihakusan dislocation line
Taiho disturbance, series
Taishiin series
Yokusen zone
Yotoku series

New Romanization
Pulguksa igneous group
Chikhyeon series

Jeonseon or Korean group
Daedong series

Uiju disturbance
Weonsan-Seoul tectonic valley
Nogam series

P’yeongan group
P’yeongbuk land
P’yeongnam zone

Penhsihu formation

Sadong series

Hamgyeong fault system
Kyeonggi land

Kyerim group

Kyeomip’o Limestone conglomerate
Kilchu-Myeongch’eon graben
Gobangsan series

Hongjeom series

Kuhyeon series

Liao-Kaema land

Tayu formation

Naknang complex, peneplain
Yeongnam land

Yeonch’eon system

Yeoju piedmont plain
Yukpaeksan peneplanation
Ch’ilbosan horst, series
Sadongmor series

Silla series

Sangweon group

Songnim disturbance
Taebaegsan dislocation line
Taebo disturbance, series
T’aejaweon series

Okch’eon zone

Yangdeok series
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I
A GeovrocIicaL SKETCH OF NorTH KOREA
AND SOUTH MANCHURIA

1. Research in the Geology of Manchuria

In 1869 Ferdinand voN RicHTHOFEN travelled through South Manchuria from
Yingkou to Moukden by way of Fuchou, Takushan, Fenghuangcheng and
Penhsihu, and published his observations in 1882, in vol. II of China. His fossil
collections were later described by Dames, Kavser, ScHENK and FrecH in vols.
IV and V in 1883 and 1911. Prior to this, A. P. KrorPoTKIN traversed the northern
part of the Great Khingan range in 1864. In his journey through Central Asia,
Mongolia and North China, 1892-94, W. A. OBrusTcHEW visited Barga and
East Manchuria. From 1896, when he was sent to the Far East by the Royal Geo-
graphic Society of Russia, E. ABNERT devoted his life to the geology of Central and
North Manchuria and the maritime province of the U.S.S.R. and made valuable
contributions until his death in 1945.

At the end of the last century, however, Manchuria was still not far removed
from terra incognita geologically. At the beginning of this century fossil plants from
Manchuria were described by F. Krasser (1905), M. D. Zaressky (1905), I. V.
PaLiein (1906) and M. Yokovama (1908), and Cambrian Fossils by C. D.
Warcort (1913). Subsequently many papers on Cambrian fossils, the Hokang
and Peipiao coal field, etc. were published by Sun (1923), Tan (1924), Wonec
(1927) and others.

Among Japanese geologists, KocHIBE was the first to be sent to Manchuria.
He surveyed coal and gold resources in the Liaotung peninsula in 1895. Subse-
quently in 1905, T. Ocawa and other geologists made geological surveys of the
Wubhutsuei, Yentai, Fushun and other mines. In 1907, the Geological Institute
was established at the South Manchurian Railway Company at Talien. Since
then systematic investigations in South Manchuria have advanced steadily.

In 1928 two geological institutes were established at the Ryojun College of
Engineering and at the Manchurian Teachers’ College, and a number of studies
were carried out by their staffs. Among them were R. END0’s study on the Cam-
brian and Ordovician Fossils, MATsusHITA’s study on the geology of the Chinchou
and Talien areas, and OcuURrA’s study on Wutailienchi and other volcanoes, etc.
Since 1928 the geological institute of the railway company published the Talien
sheet and several other geological maps (scale: 1/400,000) and explanatory texts
for each. In 1931 this institute sent some parties to Central and North Manchuria;
the results included a geological map of Manchuria (1/1,000,000) and 4 volumes
of Geology of Manchuria (1937). In 1933 Tokunaca led the Manmo Science Ex-
pedition to Jehol and the results were published in a series, in which a report of
explorations (1933, 1934) at Kuhsiangtun near Harbin is included.



GEOLOGIC STRUCTURE 7

In addition to these there are large numbers of papers written by professors
and their students in the universities in Japan, e.g., YABE and HAvAsaka’s
“Palacozoic corals” (1915-16), Havasaka’s “Brachiopods from Penhsihu® (1922),
M. Matsuvama’s “Gravity anomaly in Fushun coal-field” (1924), Ozawa’s
“Upper Palacozoic fossils” (1926), S. ENnpo’s “Cenozoic fossil plants” (1926-28),
KoBavasar's ‘“‘Cambro-Ordovician” (1927-1966), UwaToko’s “Oil shale of
Fushun” (1931), YaBe and OmsHrs ‘“Mesozoic plants” (1935), etc. Ozaxr’s
“Upper Palacozoic Brachiopods’ and Okapa’s “Natural Na Compounds” belong
to the contributions from the Shanghai Science Institute, founded in 1928.

After 1931, or thereabouts, surveys of the mineral resources of Manchuria be-
came very active. In 1937 the Geological Survey was transferred from Talien to
Changchung; the Geological Society of Manchuria was instituted in 1939. The
systematic exploration of Kuhsiangtun was undertaken in 1938 and 1939 and
several valuable works in palaeontology were produced by the staff of the Man-
churian Central Museum. Knowledge of the geology of Central and North Man-
churia increased very rapidly in the 15 years before the end of World War II.
Sinian and other Palaeozoic fossils were described by YaBe, Ecucui, Nopa and
several others; Mesozoic and Tertiary coal-bearing formations were clarified con-
siderably by MorriTa, NisHIDA and many others; non-marine Mesozoic fossils were
studied by KoBavasui, Suzuki, Takar and a few others; intensive studies were
made of the Pre-Cambrian geology by MATsuUsHITA, SAarTo and some others.

In addition, there are studies on “Banded iron ore of Anshan’ (Murakami,
1922), “Magnesite of Tashihchiao” (Nunomi, 1923), “Bauxite shales” (Saka-
mMoro, 1924), “Kungchangling iron ore deposit’” (Tsuru, 1935), etc. Other con-
tributions to economic or applied geology are too many to mention here.

The results of the geological research achieved near the end of the war largely
remained unpublished, until a committee in the Tokyo Geological Society under-
took the project of compiling 7The Geology and Mineral Resources of Eastern Asia. The
recent advancement in stratigraphy of South Manchuria is summarized in Scien-
tific Reports of the Stratigraphic Conference published in 1964 at Peking. The reader is
referred to a brief note in “Geology of South Korea,” in volume I of this publica-
tion, for the history of research on the geology of Korea.

2. Outline of the Geology of North Korea and South Manchuria

Between the central plain of Manchuria on the west and the Hanka-Suifun
plain on the east, the mountainous land of East Manchuria extends into Korea.
The Sinian or northeast trend is predominant in the orography of East Manchuria.
Following this trend are the Wantashan, Laochangkuang, Suciling and Sahaliang-
ling ranges, all of which are parallel to the Changpaishan range and the national
boundary, which is marked by the Touman and Yalu rivers, respectively on the
northeast and southwest side of Mt. Paektu or Changpaishan.

In North Korea the Kaema plateau on the east side is tilted up and cut by a
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steep scarp on the southeast. In front of its middle part there is the Kilchu-
Myeonch’eon graben and the Ch’ilbosan horst beyond the graben. On the west
side of the plateau there are several ranges with a Sinian trend. The Weonsan-
Seoul rift valley runs diagonally across the Korean peninsula, Following a NNE
trend, as does the Myeonch’eon graben. The Taebaeksan range is the backbone of
the peninsula that runs through Central Korea near the Sea of Japan. Its northern
extension is the Nangim range, which parallels the Paektu volcanic range running
across the Kaema plateau.

From the stratigraphic point of view Central and North Manchuria, to which
the northern part of the east Manchurian mountainous land belongs, are quite
different from South Manchuria, which in turn is intimately related to Korea
except for the northeastern part, called the Touman area. As discussed elsewhere
(KoBavasai, 1942), Central and North Manchuria was a part of the Mongolian

Table 1. Two Types of Stratigraphic Sequences of Older
Rocks in Korea-Manchuria.

Geological A. South Manchuria and North North and Central
colagloal Age Korea Manchuria
Tiiassic Mongolian Batholith
g Nogam Series
Permian o0 £y Gobang Series
o9 .
20 Sadong Series
Carboniferous a Hongjeom Series Manmo group
Devonian
(Kyeomip’o Ls. Cg.)
siluriagn |
Toufangian i
Ordovician % Wolungian
3 Wanwanian %
o =
g Chaumitian g
. °© @)
Cambrian M Fuchouan =
Mantoan §
2
1 Kuhyeon o
é § Sadongmor
no Chikhyeon
Cryptozoic
Mach’ollyong Group
Older Metamorphose Complex
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geosyncline where the Manmo group had accumulated. The geosyncline was dis-
turbed by the Akiyoshi cycle of orogeny in the Permo-Triassic period. During
the orogeny, batholithic invasion of the Mongolian granitic magma oronized a
major part of the geosyncline. The Triassic and Upper Palaeozoic history of this
geosyncline is allied to the Chichibu geosyncline of Japan.

Korea and South Manchuria, on the contrary, occupy the northeastern part
of the Koreo-Chinese Heterogen. In the positive elements of this Heterogen, the
Pre-Cambrian basement is widely exposed. In the negative elements there are
Proterozoic and Palaeozoic formations to which a part of the Triassic system is
added. In the Hwangho basin on the north side of the Tsinlingshan, however,
there is a large Middle Palacozoic break in the stratigraphic sequence.

The tectonic lineament of Korea which I proposed in 1933 needs little emenda-
tion, but was modified in 1953 to include adjacent areas. Together with a part of
North Korea, the larger part of South Manchuria belongs to the Liao-Kaema
land where the ancient basement complex is largely bared. On the western side
of the land, however, the positive and negative zones are arranged alternately
from north to south as follows:

. Kaiyuan zone of elevation

. Tiehling zone of depression

. Shenyang (Moukden) zone of elevation
. Taitzuho zone of depression

. Pyeongbuk zone of elevation

G OO N —

The elevated zones are bare, but the depressed zones are mantled with Palaeo-
zoic and Proterozoic veneers. The P’yeongnam geosyncline which extends from
North Korea into the Liaotung peninsula is on the south side of the fifth zone.
This geosyncline is separated from the Okch’eon geosyncline in South Korea by
the Kyonggi-Shantung land.

The ancient basement rocks are exposed extensively in the Liao-Kaema land.
In 1926 Kawasaxki proposed the Mach’ollyong (Matenrer) system for metamorphic
rocks in the Kaema plateau, which reveal a grand cycle of sedimentation, 12,500 m
in total thickness, with the Collenia-bearing carbonate facies in the middle part
(Kivosakr, 1932, 38). The upper part of the system, now called the Namtaech’eon
series, includes rocks 1600 to 1630 million years old. The Archaean basement com-
plex of North Korea is composed of Nangim gneiss and crystalline schists, Andoli
basic intrusive rocks and Yonghwasan (Renkwasan) acidic intrusives and one
old intrusive rock was estimated at 2040 million years (MasaITis et al., 1964;
Kim, 1967).

In Korea the Pre-Cambrian granites were collectively called Kokulian granite,
but Taterwa (1926) distinguished the older or Hamhiing (Kanko) from the
younger or Seohochin (Seikoshin) granitic gneiss in North Korea. In South
Manchuria the older and younger granites are called Tueimienshan and Kung-
changling granite, respectively. Pre-Cambrian granites, however, are undifferen-
tiated in most areas.
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In South Manchuria the Anshan series, which bears banded iron ore, is uncon-
formably underlain by the Tueimienshan granite and intruded by the Kungchang-
ling granite (Sarro, 1941). Pegmatite from the series was estimated to be 2100 to
2300 million years old (Comm. Strat. China, 1964). Muscovite from a chlorite-
muscovite schist along the contact of enriched ore body of Anshan, and muscovite
in the western marginal part of the Anshan series were estimated to be 2270 and
1909 million years old, respectively (L1 Pu, 1965). Like the Mach’ollyong system,
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Fig. 1. Distribution of the Rakuroan Complex and P’yeongan Group in
North Korea and South Manchuria

1. Chaoyang 2. Chinchou 3. Ihsien 4. Fuhsin 5. Liaocho 6. Shenyang (Fengtien,
Moukden) 7. Hunho 8. Tiehling 9. Fushun (Bujun) 10. Taitzuho 11. Anshan
(Anzan) 12. Penhsihu (Honkeiko) 13. Fuchou 4. Liisshun (Ryojun, Port Authur)

15. Talien (Dairen) 16. Takushan 17. Fenghuangcheng 18. Hunchiang 19. Huanjén
20. Tunghua 21. Liouho 22. Hueinan 23. Huatien 24. Mutanchiang 25. Fusung
26. Lingchiang 27. Changpaishan, Paektu-san (Hakutosan) 28. Touman river 29.
Changpai 30. Yalu river 31. Sinuiju (Shingishu) 32. Ch’osan (Sosan) 33. Wiweon
(Igen) 34. Kanggye (Kokai) 35. Kilchu (Kishu) 36. P’yeongyang (Heijo) 37. Taedong-
gang (Daidoko) 38. Chaeryeong-gang (Saineiko) 39. Haeju (Kaishu) 40. Weonsan
(Genzan) 41. Kumgang-san (Kongosan) 42. Ch’eolweon (Tetsugen) 43. Seoul (Keijo)
44. Yeongweol (Neietsu) 45. Samch’eok (Sanchoku) 46. Taebaegsan (Taihakusan)
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the Liaoho system (SAITO, 1938) represents a large sedimentary cycle, 14,000 m at
its thickest and extensive on the Manchurian side of the Liao-Kaema land. The
middle part, the Tashihchiao series, is mainly composed of marble and dolomite and
contains magnesite deposits. It was previously considered older than the Anshan,
but 1400 million years was given for the age of a pegmatite in the Liaoho group.
At Howfin, Anshan, the Anshan series is unconformably overlain by the Langtzu-
shan seires, which is the lower division of the Liaoho group (Ma and Lin, 1966).
It is quite probable that the Liaoho group belongs to the same formation as the
Mach’ollyong system.

The ancient basement complexes are discordantly overlain by the late Pro-
terozoic Sinian, the Cambro-Ordovician Korean (or Chosen) and the Upper
Palacozoic to Triassic Heian (or P’yeongan) groups. The first and second groups
are collectively called the Rakuroan (Naknang) complex.

The sequence and thickness of the Sinian group are very different in the de-
pressed zones. It is best developed in the P’yeongnam geosyncline where it is rep-
resented by a grand cycle of sediments, several thousand meters in thickness, called
the Shogen (Sangweon) group;the middle and upper parts are often separated by a
disconformity. The group is totally absent, however, in the Okch’eon geosyncline
of South Korea, although there is an excellent display of the Korean and P’yeongan
groups. The middle and upper Sangweon group is well developed in the Tiehling
zone, but no Palaeozoic formation is present. Therefore it can be said that there

Table 2. Four Types of the Stratigraphic Sequences in the Zones
of Depression in Korea and South Manchuria.

Tiehling Zone Taitzuho Zone P’yeongan Zone Okch’eon Zone

|

Taitzuho Group

P’yeongan Group P’yeongan Group
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Korean Group Korean Group Korean Group

Up. Fanho Series Kuhyeon Series

Low. Fanho Series

Sadongmor Series
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