The Quaternary Period in Manchuria

Tokio SHIKAMA

1. Introduction

The study of Quaternary geology in Manchuria has not progressed as far as that
of the pre-Tertiary, especially in stratigraphy. The stratigraphic order of the stages
is unknown. It is noteworthy that the majority of Japanese geologists who worked
in Manchuria were hired for surveys of ore deposits, and many geologic surveys
were done. In these reports it is evident that “hard rock™ geology was their major
interest and the problems of the Quaternary system were treated very simply. The
drift geology was mainly concerned with loess deposits, and it seems to the writer
that even the drift of the upper half of the Tertiary formation was treated as lightly
as the Quaternary system. Under such conditions, the following studies are par-
ticularly outstanding works: studies of the Quaternary volcanoes in northeastern
Manchuria, studies of topographic planes in Jehol and Liao-tung, studies of the
sand dunes and lake deposits in Mongolia, and studies of fossil beds especially in
the areas near Ku-hsiang-tun, near Harbin and Djalainor?. Though special sur-
veys of placer gold, diatom earth and peat, as well as surveys of ground water and
dams, are, naturally, concerned with the Quaternary Period, they are not treated
here in detail. At the present time, it is too early to give a general outline of the
Manchurian Quaternary, owing to the lack of sufficient data on chronology. Study
of the Quaternary Period has recently progressed remarkably in China proper
(North and Central China) in contrast to the studies of Manchuria which are still
in a preliminary stage.

Licent and TEiLHARD DE CHARDIN (1930) established the stratigraphy of the
Quaternary system at Ou-tao-chuan, southwest of Chang-chun and at Djalainor
in northwestern Manchuria. Since then no further studies have appeared. How-
ever, Ou-tao-chuan was treated in a chronological study of the vicinity of Chang-
chun by Soki Yamamoto in 1948, and Djalainor was treated in a report on the
discovery and study of a human skeleton found at Djalainor by Riuji Enpo (1945,
1949). The Quaternary system in Jehol, which is adjacent to North China, has
been studied more than in other districts of Manchuria. Following the geomorpho-

1) The name is spelled various ways, such as Dalainor, Dalai Nor, Dalay Nor, Darinor, and
Da-la-i-no-erh, “nor” or “no-erh” meaning “lake”.
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logic studies by BARBOUR in 1935, Fumio TApA published studies in the same line
in 1937 based on his work with the First Scientific Expedition to Manchuria and
Mongolia. The geomorphologic and stratigraphic studies in the vicinity of Pei-piao
by Shigeru Kusamrrsu in 1942 further advanced knowledge of the Quaternary
geology of Jehol. Knowledge of the Quaternary system in Liao-tung was accumu-
lated by Japanese geologists over a long time but resulted in comparatively few
publications. The most important, concerned with the excavations at Ku-hsiang-
tun, Harbin, which was done as a part of the First Scientific Expedition to Man-
churia and Mongolia, are by Shigeyasu Tokunaca and Nobuo Naora (1934,
1936, 1939).» They reported many fossils and human relics. However, their studies
were based on pioneer work by Russian scholars such as LoukasskiN (1937) and
Ponosorr (1937). Stratigraphic knowledge was further clarified by the excava-
tions of the Central National Museum of Manchoukuo in 1927-1928 (Expo, 1942
and SHIKAMA, 1943). Paleontological and chronological study of the materials ex-
cavated by the Manchoukuo Museum was delayed or prevented as all the mate-
rials were scattered and lost due to the war.

2. Characteristic Features of the Quaternary
System in Manchuria

Rinji Sarro (1940) divided the sedimentary facies in Manchuria into the south
Manchurian type and the north Manchurian type and designated the boundary as
a line which connects Wu-tan-cheng, Kai-yuan, Hui-nan, An-tu, Muson (Korea)
and Ch’ongjin (Korea) (approximately the 43° parallel of north latitude) ; this is
named the Hui-nan-—Kai-yuan line. The Tertiary system located on the north
side of this line represents the Siberian facies, while that on the south side is closely
related to the north Chinese facies. However, the Hua-tien series, like the Feng-
shan series, shows a transitional facies between the Siberian—north Japanese side
and the north Chinese side. Therefore, it may not be possible to divide the system
into two distinct areas. TEILHARD DE CHARDIN (1941) divided the Quaternary
sedimentary facies into three large divisions: the north Chinese facies, the Man=
churian facies, and the Mongolian facies. The north Chinese facies does not appear
much beyond the Hui-nan—Kai-yuan line. Jehol belongs, on the whole, to the
north Chinese facies, while the western slope of the Ta-hsing-an-ling range belongs
clearly to the Mongolian facies. Although the Manchurian plain looks like a pro-
longation of the plains of North China, it is characterized by the Manchurian
facies. The north Chinese facics and the Manchurian facies are bounded not by a
line which runs east-west, but by a line which runs approximately NNE—ssw, a line
which connects Cheng-chia-tun with Kai-yuan. The fluvio-lacustrine facies, which
is most characteristic in the Manchurian facies, develops mainly along the Sung-
hua-chiang (Sungari) River, upstream from Kiamusze (Chia-mu-ssu) and from

) See also Okapa, Naoe, 1939, Prehistorical researches in Ku-hsiang-tun, in: Mem. Inst. Sci.
Res. Manchoukuo, v. 3, no. 1. Inst. Science Research Manchoukuo, Hsin-ching, Manchuria. @)}
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Pei-an in the north to the eastern foot of the Ta-hsing-an-ling range and south to
the area including Chang-chun and Ssu-ping-kai. Its eastern limit is distinctly
bounded by a line which connects Chi-lin with I-tung. In the area east of this line,
piedmont facies such as terrace deposits, talus, and fans developed along each
river, though on a small scale. These piedmont facies gradually pass into the above-
mentioned fluvio-lacustrine facies. Roughly speaking, the loess-like deposits in the
area between Lung-ching and Yen-chi (Chien-tao Province) and Sangsambong
(Korea) along the Tu-men-chiang River are a prolongation of the Manchurian
facies. The type of the Manchurian facies is the Ku-hsiang-tun formation which
consists of loess, sand, and loam. The formation contains abundant fossils; in this
respect the Manchurian facies is different from the north Chinese facies.

Should the type of the north Chinese facies in Manchuria be represented by the
Liao-ho plain group, it may be preferable to set the type on the drifts, which are
developed along the Lao-ha-ho River, particularly in the vicinity of Chih-feng, by
slightly modifying the original view of the author. The coastal district of Liao-hsi,
west of the lower Liao-ho River, clearly belongs to the north Chinese facies. The
facies of the Liao-tung Peninsula are questionable, but in a broad sense they prob-
ably belong to the north Chinese facies.

Basaltic plateau occupy a vast area in northeastern Manchuria. The detailed
eruptive stages of the basalts and their relation with the Ku-hsiang-tun formation
have not yet been determined. The relation between the rock detritus formation of
the Ta-hsing-an-ling mountain range and the Djalainor formation or Ku-hsiang-
tun formation is also unknown. However, the relation between the Pai-tou-shan
glacial stage and the volcanic activity, reported by Goro Asano (1947), may give
some assistance to the present problem.

3. Chronology

The formations ranging from the Pontian in the lower Pliocene to the Alluvium
(H-K) were divided into six regions, namely, Jehol-Liao-hsi, Ta-shih-chiao, Liao-
tung Peninsula, the coast of the Yellow Sea, Shen-yang, the Sung-hua-chaing dis-
tricts, and they were correlated as shown in Table 1 (Suikama, 1950A). Inner
Mongolia, the mountain district of eastern Manchuria, and the marginal part of
Korea are omitted as the Diluvium in these districts has not yet been studied, al-
though they offer the data for chronological determinations. In Table 1, the general
horizons recognized in north China are shown, and the horizons of Manchuria
were correlated with those of north China. Erosion stages A-G are based on
TeiLHARD DE CHARDIN’s classification, and 1-4 are noticeable deposition stages.

Among the four deposition stages in north China, namely, the Pao-te, San-men,
Chou-kou-tien and Ma-lan, the Ma-lan and Chou-kou-tien belong to the Diluv-
ium. In Manchuria, the Ma-lan stage is most extensively developed, while the
Chou-kou-tien series is distributed sporadically. The occurrence of the San-men
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series in Manchuria is not confirmed, while the Pao-te series is found only in Jehol
Province and in the Liao-tung Peninsula.

Based on observation of deposits of the later Cenozoic era distributed between
Chang-chun and Pai-cheng-tzu and between Ssu-ping-kai and Cheng-chia-tun,
Soki Yamamoro (1948) divided it into seven sedimentary stages, in ascending
order, as follows:

Gravel (Tang-hsien stage)
Red sand and clay (Pao-te stage)
Sand (Fen-ho stage)
Bluish gray clay (San-men stage)
Gravel (Ching-sui stage)
Brown clay (Ma-lan stage)

Sandy clay (Pan-chiao stage)

He also pointed out three remarkable features as follows: (1) the clay in the Pao-
te and San-men stages is not reddish in general, (2) the development of sand in the
Fen-ho stage is poor, and (3) a downwarping occurred prior to the Malan stage.
YamamoTo’s division has not been confirmed from the paleontological point of
view. His division is unique in that he applied a deposition stage to cach erosion
stage of Tang-hsien, Fen-ho, Ching-shui, and Pan-chiao.

At any rate, it is certain that level plancs, such as erosion or denuded planes, are
very important in the chronology of the Quaternary period. Studies of this line
have not progressed to an extent that the level planes in all of Manchuria can be
correlated. There are piedmont plains developed in a position lower than the so-
called Mongolian peneplain or Pei-tai peneplain. For example, the hilly plain at
Fu-lung-chuan and the erosion planes of sand and gravel underlying the loess be-
long to the piedmont plain.

Erosion of the Ching-shui stage is generally found in Manchuria; for example,
the eroison of the Liao-tung peneplain corresponds to this stage. The Kuang-
ning-ssu plane (120-200 m), which was studied by Zenkyd ImamUurA and Teijird
Tsucuipa (1935), and many other high-level planes are cut directly into the basal
rock. In some parts, the planes coincide with the deposition planes of the Pu-lan-
tien clay group or the Kai-ping clay group in the valley bottoms. However, con-
sidering that the plane of unconformity between the Pu-lan-tien clay and the
reddish clay formation may correspond to the Kuang-ning-ssu plane, the author
correlated the erosion of the Liao-tung peneplain with the Ching-shui stage
(1950A). The erosion stage of Ta-ling-ho, which makes the unconformity between
the Pei-piao red earth bed and the reddish clay formation, may correspond to the
Huang-shui stage. The Fen-ho stage is not common in Manchuria. In the post-
Ma-lan stage, since the sedimentary facies in Manchuria are well developed as
compared to those of north China, it is possible to study in detail the erosion stages
in the post-Huangshui stage.

In a certain sense, the division of the level planes of Jehol by Fumio Tapa is
contrary to Soki YAMAMOTO’s views. In contrast with Yamamoro, Tapa divided
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the denudation stages only, leaving the relations between the denudation stages
and the deposition stages unknown (Tapa, 1937). Tapa distinguished about six
horizons of denuded planes in the regions of Lan-ho, Lao-ha-ho, and Ta-ling-ho,
and correlated them with those of north China. It seems that TADA owes his class-
ification to the developmental history of the topography at Szechingtao in Chih-
feng district, which was studied by BaArBouRr. The present writer correlated the
chronology in Manchuria with the new chronology in north China and revised the
correlation table. The present erosion in the post-Lao-ha erosion stage was named
the Ling-ho stage by BarBour. However, since it is liable to be confused with
CuaArDIN’s Ling-ho stage and it is also not so important, the use of BARBOUR’s
Ling-ho stage has been avoided in this paper. BARBOUR’s loam formation in TADA’s
correlation was correlated not to the San-men series, but to the Chou-kou-tien
series. The Ta-ling Ho erosion stage was merely an erosion stage between the red
earth stage and the loam stage, and it is as yet unknown if' it can be correlated with
the erosion stage between Huangshui and Fen-ho or that between Pao-te and Yu-
she. At any rate, the denuded planes reported by Tapa from Jehol are three, be-
tween the Kien-ping plane and the Tung-liao plane, and they correspond to the
three stages of erosion in north China.

Table 2. Correlation of Erosion Planes in North China and Manchuria.

|
|

North China Manchuria
a. Tang-hsien stage erosion Kien-ping plane. Fifth denuded plane.
(Foundation of Pao-te series). Fu-lung-chuan plane. Roppyakuzan plane.
b. Erosion between Pao-te and Denuded plane.

Yu-she series.

c. Fen-ho stage erosion (between Chahatam plane. Fourth denuded plane.
Yu-she and San-men).

d. Huangshui stage erosion (between Liao-tung stage erosion (Chatara plane.
Chou-kou-tien and San-men). Third denuded plane).

e. Ching-shui stage erosion (between Liao-tung stage erosion (Tung-liao plane.
Chou-kou-tien and Ma-lan). Second denuded plane. Kuang-ning-ssu

plane).

f.  Liao-ho stage erosion (between Erosion between loess and redeposited
Ma-lan loess and Djalaossogor loess. Wo-pen-yao stage erosion (Chang-tu
sand bed). plane. First denuded plane).

g. Pan-chiao stage erosion Sung-hua-chiang stage erosion.

(Erosion of the present time).




304 MANCHURIA

In Pei-piao district, the presence of reddish clay formation between the red
earth and the loess was pointed out by Shigeru Kusamrrsu and the number of ero-
sion planes increased.

The Ching-shui, or the Liao-tung, erosion stage is very important as it divides
the Diluvium into upper and lower parts; thus the confirmation of this stage will
be most important for the chronology of the Diluvium in Manchuria.

4. Hsiao-sheng-shui-ssu Group and Niu-hsin-shan Group

In 1942, the presence of cave deposits in the magnesite quarry at Ta-shih-chiao
was brought to light. In the same year, Mitsuo Nopa did field work at this place,
and in 1943 the writer and Shigeru Kusamtsu visited there and collected many
fossils. There is a fissure-like cave (25 m long and 5 to 10 m wide) on the slope of a
hill, 60 m in relative height and 130 m above sea level, at the magnesite quarry of
Hsiao-sheng-shui-ssu. The deposits in the cave consist of a white sand bed (lower
part) and a reddish-brown residual clay bed (upper part). The residual clay filled
up small fissures and depressions which are found in the Karrenfeld in the upper part
of the quarry. The hill of Hsiao-sheng-shui-ssu itself is a kind of monadnock, and
the formation of residual clay seems to have acompanied the erosion of the monad-
nock. Consequently, the cave deposits seem to be older than the Kai-ping clay
group, which is distributed extensively from the foot of the hill to the valley bot-
toms. The writer proposes to name this the Hsiao-sheng-shui-ssu group.

Niu-hsin-shan is a small hill 69 m above sea level, located about 4 km south of
Ta-shih-chiao station on the Lien-Ching Railway Line. It consists of magnesite
and there is a fissure running north-south in the part about 62 m in relative height
and 40 m above sea level (the southwestern part of the hill and facing the railway
track). This fissure is filled with gravelly clay. The clay consists mainly of breccia
of magnesite, and the greater part of the breccia is cemented by clacareous matter.
Many fossil bones are found in this breccia formation. The upper part of this fissure
is also filled with reddish-brown residual clay. There is another fissure at a point
about 20 m above sea level on the eastern slope of the same hill. The interior is
filled by coarse gravelly clay which is not cemented by calcareous matter, and a
fossil deer had been previously collected from the clay. This bed is considered to lie
in the upper horizon as compared with the above-mentioned breccia formation.
The writer named the fissure deposit at Niu-hsin-shan the Niu-hsin-shan group.

Lower part: Breccial clay (breccia bed)
Trogontherium bed
Niu-hsin-shan group Upper part: Gravelly clay bed and
Reddish-brown residual clay bed

The foot of the hill is also extensively covered by the Kai-ping clay group.

The lower bed closely resembles the breccia bed of the Sinanthropus group at
Chou-kou-tien. The fossils collected from the lower bed at Niu-hsin-shan are as
follows:
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CrvUS SP. o oo et et e limb bones
Lepus SP. oo e teeth
Trogonthertum cf. cuvieri FISCHER .. ................ skull, R M; or M,
Castor SP. o v v et lower right jaw
Microtus Sp. .. ..o teeth

Erinaceous cf. algat YOUNG . ....... ... ..o, skull, lower jaw
Canis(?) SP. v v vt e skull

Felissp. ..o skull

Phastanus sp. .. ... skeleton
Ohidia, gen. & sp. indet.

Geoclemys reevesit (GRAY) .. ..o, plastron

humerus

' ’_*"""‘I 1 em

Erinaceous cf. algai Youxa

Right ramus
Castor sp.

Trogontherium cf. cuvieri FiscHER
(Upper RM, or RM,)

Fig. 1. Fossils from the Niu-hsin-shan Group.

Among the above-listed fossils, Phasianus is most abundant, and therefore it is no
exaggeration to say that the present bed is the Phasianus bed. Since Trogontherium
cf. cuvieri occurs in the Sinanthropus group at Chou-kou-tien, it is an important
datum by which the present bed can be correlated with the Sinanthropus group.
Castor sp. is not similar to Castor from the Sinanthropus group and Sinocastor from
China; it is rather nearer to Fucastor, the living beaver in Canada. These two
species of beaver rarely occur in Manchuria. The lower part of the Niu-hsing-shan
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group is correlated with the Sinanthropus group at Chou-kou-tien, and the sand bed
in the lower part of the Hsiao-sheng-shui-ssu group may be older, in spite of its
occurrence in a higher horizon than the former. The upper part of the Niu-hsin-
shan group may be regarded as approximately the same age as the clay bed in the
upper part of the Hsiao-shang-shui-ssu group. Thus it has been confirmed that the
cave-fissure deposits of the Chou-kou-tien stage are distributed in south Man-

churia.
Table 3. Correlation of the Niu-hsin-shan Group and the Hsiao-sheng-
shui-ssu Group.
Kaiping clay group
Upper part of the Niu-hsin-shan group Upper part of the Hsiao-sheng-shui-ssu

group

Lower part of the Niu-hsin-shan group

Lower part of the Hsiao-sheng-shui-ssu
group

According to Mitsuo Nopa (1930), the same fissure deposits are found in a lime-
stone fissure in the vicinity of Chang-tu, between Chang-chun and Shen-yang,
from which an antler of Cervus hortulorum grayi (Zpansky) was collected.

5. Liao-ho Plain Group

In south Manchuria, loess or loess-like clay is extensively distributed. According
to Fusao UEpa and Masao SAsakURrA (1937), the Diluvium series in Chin-chou,
Jehol, and Hsing-an Provinces fills the great valleys and covers the hills, and it
consists of loess, sandy loess, and aeolian sands. The loess is mainly developed in
the southern region and it grades into the sandy loess in the central region. A basal
gravel bed is occasionally found and a gravel bed is sometimes intercalated in the
middle part. Distribution centers of the loess are Cheng-te, Chang-shan-yu (be-
tween Cheng-te and Ku-pei-kou), Ku-pei-kou, Huai-jou (south of Mi-yun), Hsing-
lun-hsien, Ping-chuan, Kuan-cheng, Sa-ho-chiao, Chih-feng, Ling-yuan, Chao-
yang, Chien-chang (another name for Ling-yuan), and Sui-chung. The sandy
loess is distributed extensively and covers the hills in the area north of the line
which connects Chih-feng, Pien-chiang-shan, and Kuo-chia-tun as far as Wu-tan-
cheng. The sandy loess where it covers the hills is relatively thin, but in the valley
bottoms it is as thick as 20 to 30 m and is also intercalated with gravel beds.

In the Liao-hsi district, which is the coastal area of Liao-tung Bay east of Shan-
hai-kuan, especially in the wide valleys of the hills of old mature stage in the Sui-
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chung district, a loess bed is distributed at a height of scores of meters above sea
level. This loess bed intercalates gravel beds and differs somewhat from the loess in
north China. A reddish clay bed is sporadically developed in its lower part. In the
valleys which dissected this loess bed, black earth bed has been deposited, one to
2 m thick, and a part of it has changed into a peatlike substance. It is note worthy
that the loess bed in Liao-hsi resembles the Kai-ping clay in Liao-tung on the
whole rather than the loess in Jehol. The same relation is found at Ta-ku-shan and
along the Chuang-ho River—the Liao-tung Peninsula on the coast of the Yellow
Sea. In the area south of the Chuang-ho, a terra rossa-like red clay, which resembles
the Chin-chou clay found in the vicinitys of Chin-chou, is developed extensively
and covers the plane of the low level hills on the coast. However, in the Ta-ku-shan
district, it is completely absent and a yellow clay bed (the Ta-yang-ho yellow clay
bed) is extensively distributed. Its characteristics are not very different from that in
Liao-hsi. The deposition plane is scores of meters above sea level and it coincides
with the Pi-tzu-wo plane, and some of the yellow clay was deposited secondarily in
the lower area. On the greater part of the coast a peat bed (Ta-ku-shan peat bed)
is found, which is mined by the inhabitants® (Aoj1, 1925). This peat bed may be
correlated with those in Pyongan-pukto and the Chongju district in Pyongan-
namdo, Korea. Such peat beds are extensively distributed in the bay head of an
old stage along the drowned coast of the north coast of the Yellow Sea.

In the Liao-tung Peninsula, a remarkable red carth is developed in the Chin-
chou district and its characteristics resemble the Pei-piao red earth in Jehol.
Though the red earth yields no fossils and positive data are not yet found, the
writer wants to correlate tentatively this red earth and the Pei-piao red earth (Chin-
chou clay group) with the Pao-te red earth. Red earth is also sporadically dis-
tributed on the hills of low altitude in the so-called Liao-tung plain situated be-
tween Chin-chou and Ta-shih-chiao (Hanar, 1928). Heretofore these red earths
have been regarded as terra rossa which is due to the weathering of limestone. How-
ever, the red earth is found in places other than limestone districts, and in the lime-
stone districts of northeastern Manchuria, such red earth is not found even in the
form of rendzina. Therefore, the writer strongly doubts whether such a reddish clay
group is distributed in northeastern Manchuria. The Pu-lan-tien clay bed forms
the Pi-tzu-wo plane in the vicinity of Pu-lan-tien. The clay is yellowish gray and
dense. Its prolongation may be the mammoth-bearing clay bed at Lung-wang-
tan in Ta-lien. The Pu-lan-tien peat bed, bearing seeds of Indian lotus (germina-
tion experiments were made), was deposited in the bottoms of valleys which dis-
sected the hills consisting of the Pu-lan-tien clay bed. This Pu-lan-tien peat bed is
merely a prolongation of the Ta-ku-shan peat bed.

In the Kai-ping and Ta-shih-chiao districts, the Kai-ping clay group, which is
the prolongation of the Pu-lan-tien clay bed, is extensively distributed on the low
level planes about 7 m above sea level. Small erosion valleys have been developed

% In Chang-chia-pu, 20 km northeast of Ta-ku-shan, there is a peat bed at a depth of about
1 m, which is 80 cm thick. In Chien-shan-tzu, 8 km northeast of Chang-chia-pu, it is 1 to 2 m thick.






