Volcanoes in Manchuria

Tsutomu OGURA

I. GENERAL REMARKS

1. Introduction

The earliest description of a Manchurian volcano was made by a Chinese gov-
ernor in the year following the eruption of Uyunhordongi in north Manchuria
(1720). Since the middle of the 19th century, survey reports on the same volcano
have been issued by many Russians. Hakutosan (Chang-pai-shan) in southeastern
Manchuria was famous for many centuries as a holy place in Manchuria-Korea.
Scientific research on the volcano began in 1920; the geological works by YAaMma-
NARI of the Geological Survey of Korea and WaraNaBe of Hokkaido University
are notable. In 1919 and 1922, SowErBy, an English naturalist, published a note
on the crater lakes of Lung-wan volcano in eastern Manchuria. Tanaka (1924)
and Nun~owmr (1930) described the volcanoes of Manchuria, but their observations
seem rather incorrect. Since the establishment of Manchoukuo (1932), the Har-
hintun volcano in western Manchuria was studied by Kivono and the Dalinor
volcano in western Manchuria by SAsakura. In 1935, a geological and volcanolog-
ical survey of Manchurian volcanoes was undertaken by members of the College
of Engineering in Port Arthur under the leadership of Ocura. Five volcanic
districts were studied : the Wu-ta-lien-chi volcano of northern Manchuria in 1935,
the Erh-ko-shan volcano of northern Manchuria in 1936, the Chi-hsing-shan
volcano of central Manchuria in 1938, the Lung-wan volcano of eastern Man-
churia in 1940 and 1942, and the Chang-pai-shan volcano of southeastern
Manchuria in 1942 and 1943.

For the former three volcanoes, survey reports were published in 1936, 1937
and 1939 as Nos. 1, 2 and 3 of “Survey Reports of Volcanoes in Manchuria.”
For the latter two, however, maps, notes, rock specimens and other research
materials were all unfortunately lost at the end of the war.

2. Regional Distribution of Volcanoes

Some 16 volcanic groups are found in Manchuria, as described in many reports
and unpublished papers. They are distributed in the central, southeastern, south-
western and northern provinces (see Fig. 1).
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In the central provinces, including the Chi-lin, Ssu-ping and Mukden districts,
the (1) Ta-tun, (2) I-tung and (3) Chi-hsing-shan groups are found in the hilly
country of Kung-chu-ling. In the southeastern provinces, including An-tung,
Tung-hua and Chien-tao districts, three groups of volcanoes occur, (4) Kuan-
tien, (5) Lung-wan and (6) Chang-pai-shan. The latter, situated on the Man-
churia-Korea border, rise 2,751 m above sea level. Another volcanic group, (7)
Da-li-no-erh, is situated on the Manchuria-Mongolia border.

In the northern provinces, six volcanic groups are distributed in Pei-an, Lung-
chiang and Hsing-an-ling districts. They are found within a 150 km radius. They
are the (8) Erh-ko-shan, (9) Wu-ta-lien-chi, (10) Ko-lo, (11) Ka-tsung, (12) Kan-
kuei and (13) Sha-tu volcanoes. The cones of these volcanic groups stand like
islets in the hilly country in the east and on mountainous land of moderate relief
in the west. In addition, there are two volcanic groups, (14) Ha-r-hin-tun and
(15) O-ne-nor, in the Great Hsing-an-ling Mountains, and four cones are found
along the Sungari (Sung-hua-chiang) River, east of Harbin.

Each volcanic group consists of more than two cones. In some cases, the bound-
ary between two groups is not clear because of their close proximity, in other cases
a single cone represents one volcanic group. The numbers and names of cones in
each volcanic group are listed below (Fig. 1).
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Fig. 1. Map Showing the Distribution of Volcanoes in Manchuria.
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Volcanic group (number of cones)
1. Ta-tun (4)

2. I-tung (6)

3. Chi-hsing-shan (7)

4. Kuan-tien (4)

5. Lung-wan (35)

Another group near Lung-wan (20)
Another group near Chang-pai-shan (40)

Main cones
Ping-lin-shan
Tung-shan
Ping-ting-shan
Chien-shan
Tung-chien-shan
Hsi-chien-shan
Ma-an-shan
Mo-li-ching-shan
Ta-ku-shan
Hsiao-ku-shan
Tung-ha-la-pa-shan
Hsi-ha-la-pa-shan
Po-li-shan
Po-po-tu-shan
Nao-pao-shan

Hsiao-tu-ko-erh-chi-shan

Ta-tu-ko-erh-chi-shan
Huang-i-shan
Ching-i-shan
Hsing-an-nan-shan
Ta-ting-tzu
Hsi-heng-tao-shan
Tung-heng-tao-shan
Ta-i-shan
Teng-chia-wang
Chien-shui-ting-tzu
Ta-ku-shan
Hsiao-ku-shan
Weng-chuan
Hsiao-weng-chuan
Ya-pa-kang
Kuan-tzo-ling
Shih-men-tzu-shan
Hsiao-lung-wan
Erh-lung-wan
Ta-lung-wan
Hu-lu-lung-wan
Tung-lung-wan
Nan-lung-wan
Pan-pan-lung-wan
Hsi-pai-tzu-lung-wan
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Chang-pai-shan (1)
Da-li-no-erh (10)

(With parasitic cones)

8. Erh-ko-shan (3) Tung-shan
Hsi-shan
Hsiao-ko-shan
9. Wu-ta-lien-chi (14) Wei-shan

West of Wu-ta-lien-chi (1)
East of Wu-ta-lien-chi (2)

Mo-la-pu-shan
Tung-lung-men-shan
Hsi-lung-men-shan
Yen-pei-shan
Tung-chiao-te-pu-shan
Hsi-chiao-te-pu-shan
Nan-ko-la-chiu-shan
Pei-ko-la-chiu-shan
Huo-shao-shan
Lao-hei-shan
Pi-chia-shan
Wo-hu-shan
Yao-chuan-shan
Chien-shan

10. Ko-lo (7) Tuan-tzu-shan
Ko-lo-nan-shan
Ta-i-shan
Hsiao-i-shan
Ta-hei-shan
Hsi-shan

11. Ka-tsung (4)

12. Kan-kuei (4)

13. Sha-tu (8) Sha-ti-erh-shan
Tu-hu-lu-shan

14. Ha-r-hin-tun (1)

15. O-ne-nor (1)

16. Sung-hua-chang (4) Ma-ku-li

The total number of cones is 176, 17 in the center, over 106 in the southeast,
10 in the southwest, 43 in the north and the remaining 6 in other regions; conse-
quently most of the volcanoes are found in southeastern and northern Manchuria.

3. Arrangement of Volcanoes
Volcanoes are widely distributed over all Manchuria as stated above, but they

do not seem to be arranged in any systematical or regular state. They rather have
the appearance of being irregularly distributed, each volcano being independent.
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The volcanic groups do not run parallel to the direction of the mountain ranges
or stratigraphical foldings, but some parts seem to have some relation to the
geological structure of the regions.

There is a tendency for the cones to be aligned NE-SW or NW-SE in some
groups. For instance, in the Wu-ta-lien-chi volcano in northern Manchuria, 14
cones are separately situated on lines or their intersections which are indicated
by NE or NW fissures. In the Lung-wan volcano in eastern Manchuria, over 37
cones are arranged on fissure lines running E-W.

In a region 150 km long connecting the Lung-wan and Chang-pai-shan vol-
canoes, there are over 90 cones in the midst of dense forests.

There are several groups within a 150 km radius, with Mo-erh-ken at the
center. This region lies between the Great Hsing-an-ling Mts. and Little Hsing-
an-ling Mts.; here the volcanoes are arranged NNE-SSW along the southeastern
foot of the Great Hsing-an-ling Mts. This fact is seen to be closely related to the
geological structure of the Mo-erh-ken district near the intersection of two moun-
tain ranges. Next, three volcanic groups, the Chi-hsing-shan, I-tung and Ta-tun
volcanoes, are found at the periphery of the Hei-liao Divide which extends from
Kung-chu-ling northwest. It is believed to be related to the geological structure
based on upheaval of the divide. Thus, the volcanoes in Manchuria scatter irreg-
ularly without showing any zonal arrangement as in Japan; in some cases, the
arrangement of volcanoes seems to be related to geological structure.

4. Morphology of Volcanoes

According to the state of volcanic activity in Manchuria, volcanoes are clas-
sified into three types, those of lava flow, mamelon, and ejecta (such as ash and
lapilli). In detail, the volcanoes are classified as follows:

(1) Volcanoes consisting of massive lava.
(a) Shield volcanoes, such as the Wu-ta-lien-chi and Erh-ko-shan vol-
canoes, and others in northern Manchuria.
(b) Lava flows, such as the Wu-ta-lien-chi and Lung-wan volcanoes.
(c) Mamelon, such as the Chi-hsing-shan, Ta-tun and I-tung volcanoes.
(2) Volcanoes consisting of scoria.

(d) Cinder cones, such as the Kuan-tien, Da-li-nor, Lung-wan, Wu-ta-
lien-chi and Erh-ko-shan volcanoes, and others in northern Man-
churia.

(e) Volcanoes having crater lakes, such as the Lung-wan, Wu-ta-lien-chi
and Chang-pai-shan volcanoes.

(3) Volcanoes consisting of massive lava and scoria.

(f) Stratovolcanoes, such as the Chang-pai-shan volcano.

In the classification, shield volcanoes (a) are characterized by gentle hills on
basalt plateaus which lie as the foundation of cinder cones in northern Manchuria.
Thus, beautiful landscapes have been formed on the skirts of volcanoes. In the
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Wau-ta-lien-chi volcano, the area of such shield volcano is 10-20 km? and the lava
flows, called ‘“‘shih-tang,’ “‘stone barrier,”” are often observed on the gentle slope.
Shih-tang consists of an aggregate of block lavas 1 m in diameter and the length
of lava flow exceeds 4 km in the larger ones. The shield volcano forming the
foundation of the Chang-pai-shan volcano is over 100 km in diameter and its
uppermost limit is 2,000 m above sea level.

(b) Lava flow is especially prominent in the shih-lung lava field of the Wu-ta-
lien-chi volcano and in the ha-la-tzu lava flows of the Lung-wan volcano. The
shih-lung lava forms a lava field of jet-black obsidianic basalt which occupies an
area of 68 km? like a kind of racket in the central part of the district. This lava
poured from the central part of the field in all directions along the slope and ran
over an area 8 km long and 1 km wide to the south along a valley corresponding
to the racket handle. This lava field has a very gentle slope and is nearly horizontal
away from the center. The microtopography of the surface is very conspicous:
pahoehoe, ropy and spiny lavas are found; trunk-like, ripple-like, wavy, tabular
and reptile-like features are also sculptured on the lava surface. In addition,
strange features such as hornito, lava tunnels and depressions are found here and
there in the lava field.

There are four basalt lava flows in the Lung-wan volcanic district. These flows
ran down through the lower levels or along the valley courses and consist of large
and small volcanic blocks; such flows are called fa-la-tzu, “waste land of black
blocks.” In the southern part, the flows, 8 km long and 500 m wide, ran down
along the Liang-shui-ho east to west. The second flow issued from the Ta-i-shan
crater to the west, and has a length of 6 km and a width of 2.2 km. The third lava
flow poured from the Ta-ku-shan crater, ran down the northern mountain slope
and turned west along a valley over an area 9 km long and 2 km wide. The fourth
flow, the largest in the district, originated in the Chin-lung-ting-tzu cone of the
eastern part and ran down along the Hsiang-shui-ho toward the west, 35 km long
and 5 km in maximum width. It is also known that several lava flows ran down
from the craters of Hu-lu-lung-wan and Nan-lung-wan along the valleys toward
the northwest.

(c) Mamelon volcanoes are found around the Hei-liao upwarping zone, as in
Ta-tun and I-tung districts in the eastern edge and in Chi-hsing-shan district
in the south. They are composed of black, massive basalt. They are mostly mam-
millary or dome-shaped with a steep slope except for some low humps in the
Ta-tun volcano; the basal section is circular or elliptical. The average relative
height of the 7 domes in the Chi-hsing-shan volcano is 67 m, the 4 domes in the
Ta-tun 28 m, the 6 domes in the I-tung 87 m and the diameter of the basal
section is 600-850 m.

(d) Cinder cones are widely and abundantly distributed throughout Man-
churia, especially in the northern and southern parts. The structure of cinder
cones is simple; they are formed from a mixture of ejecta such as block, lapilli,
bomb and ash, sometimes intercalated by lava flow. Such mixed strata measure
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over 20 m thick and incline toward the outside of the crater at an angle of about
25°. Scoria is porous basaltic rock, irregular in form and size, black or brown in
color. Volcanic bombs are abundant and many specimens were collected easily,
especially in Lao-shan in Wu-ta-lien-chi, Ta-i-shan, and Shih-men-tzu-shan in
Lung-wan and Da-li-nor districts. Small volcanic bombs are 3 cm in size and
large ones over 30 cm, mostly fusiform or amygdaloid in form. Basement rocks
ejected from the crater consist of granite, sandstone or olivine nodules. Olivine
nodules in the Weng-chuan crater of Lung-wan district are over 30 cm in size and
abundantly scattered within the crater.

Cinder cones have a similar aspect, the general form being a truncated cone,
like an overturned boat seen from the side. The basal section is roughly circular
and the angle of the slope does not exceed 30°. In most cases there is one crater
on the summit, but there are 4 craters in Wo-hu-shan in Wu-ta-lien-chi district.
The crater is circular to elliptical with a diameter of 300-400 m, but the craters
of Weng-chuan and Ya-pa-kang in Lung-wan district are over 1,300 m in diameter.
The inner wall of the crater inclines steeply, and its bottom has become shallow
due to the accumulation of detritus from the wall. The bottom of the crater is
sometimes flat, resembling an amphitheater. On the flat bottom of the crater of
Yao-chuan-shan in Wu-ta-lien-chi and Tung-shan in the Erh-ko-shan volcanoes,
several wooden temples have been built. The depth of the craters varies, being
about 50 m on the average. The crater of Lao-hei-shan in Wu-ta-lien-chi district
is funnel shaped and 136 m deep, being the deepest in this district. Thus, the
truncated cone has a rather large basement compared to its height. The summit
is surrounded by a crater ring of similar height, and a part of the crater ring is
almost broken. Since this feature of a cinder cone with a broken crater wall
resembles an arm chair, there are many cones, such as Ta-i-shan or Huang-i-
shan, where the name includes “i” meaning arm chair. The average relative
height of the cones, the diameter of the basement, the diameter and depth of the
crater in 3 volcanic groups are given in the following table (Table 1).

Table 1
Name of | Number of Relative Diameter of Diameter of Depth of
volcano ’ cones I height (m) base (m) crater (m) crater (m)
Wtalien-chi 14| o9 | 828 ‘ 333 | 54
Frh-koi-sihiain 7 o B_M “ o 68 o 7487 ‘ 173 30
Lu;;v?v;rzﬁi B 27--'** 113 ! 1039 599 ! 90

These cones were not built over a long period of times, but by temporary
igneous activity.

(e) Crater lakes exist in Wu-ta-lien-chi, O-ne-nor, Lung-wan, and Chang-
pai-shan volcanic districts. In Wu-ta-lien-chi district two cones of Mo-la-pu-shan
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and Nan-ko-la-chu-shan have crater lakes, but these appear in the crater only in
the rainy season and usually swampy. There are no records for the O-ne-nor crater
lake, but it was very probably formed by an eruption of the crater.

Eight crater lakes are known in Lung-wan district and its environs, all called
lung-wan, ‘“‘dragon’s pit.”” These lakes have not been known for a long time, be-
cause of dense forests in the environs of Hui-nan and Meng-chiang Prefectures.
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Their features were obtained by surveys in 1940 and 1942. These crater lakes were
formed by water precipitation into the crater or pit on the granite foundation, and
they are unusual in depth and temperature distribution compared with other lake
waters in Manchuria. Measurement on eight lakes are given in the following
table (measured in August, 1940 and 1942): (Table 2).

The crater lakes are circular, elliptical, gourd-like, purse-like or rhombic in
shape. The deepest lake is Tung-lung-wan, 123 m deep, followed by Pan-pan-
lung-wan, Ta-lung-wan, Hu-lu-lung-wan and Nan-lung-wan, all deeper than
50 m. In depth, these lakes are surpassed only by Tien-chih, a crater lake on the
Chang-pai-shan mountain.

The temperature of the lake water, according to measurements in Ta-lung-
wan, Tung-lung-wan, Nan-lung-wan and Pan-pan-lung-wan, quickly decreases to
a minimum of 4-5°C, 30-35 m below the surface. Below this depth, the tempera-

Table 3. Water Temperature Change of the Lung-wan Lakes.

Dept;‘(\:‘?‘rﬁlﬁ Hsiao-lung-wan| Ta-lung-wan | Tung-lung-wan| Nan-lung-wan Pan-s:’:an:ung
o0 | msc 23.5°C 23.5° C 25.5° C 25.8° C
- 5 O . | 22.5
mlz)iii 7-1 13.1 o 8.2 - 8.7 11.8
20 - 6.-07 | 4.7 5.2 5.7
— >M25__ ’]7 - 4.4
T
56" 7 l 7 5.0 4.7 4.7
7T; - 4.8 4.5
w0 | s7 1 a9 | s0 | 47
E B j 7 o 6 57 | 4.5
7 60 ! | - 5,3 4.3
68 _”!7 7.0 5.3
80 " 5.5 4.25
7 88 7.5
w0 5.7 4.25
e | 4.6
121 5.8
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ture gradually increases at a rate of 0.3°-0.5°C per 20 m (see Table 3). In Ta-lung-
wan, for example, the temperature reaches a minimum of 5°C 30 m below the
surface, and gradually increases toward the bottom (7.5°C at the bottom, 88 m
down). Water temperatures of this sort have never been observed in crater lakes
in Japan, except in the Okama crater lake of Zao volcano in Miyagi Prefecture,
where such a phenomenon had been observed temporarily.

Inside the crater of Hu-lu-lung-wan, granite cliffs stand high on the southern
side, the lava flows appear on the other side, and a granite islet rises above the
lake. These features are characteristic of craters of the maar type; that is, a violent
explosion occurred in the granite region, resulting in a great pit and new lava
flowed out from the pit southwest along a valley. In Erh-lung-wan, granite is ex-
posed in the cliff wall of the crater, and also at the bottom of the Weng-chuan
crater.

The lake water of Erh-lung-wan flows out from the southwest corner through
a barranco; there is no exit in other lakes. The water level of Ta-lung-wan is the
same as the groundwater table in Hsiao-chin-chuan, a small village near Ta-
lung-wan. It is believed that the water in both places is connected through vol-
canic lapilli beds. These eight crater lakes exist in dense forests and provide a
combination of mountains, waters and trees, presenting one of the finest landscapes
in Manchuria.

Tien-chih, or Lung-wang-tan, on the summit of the Chang-pai-shan volcano,
is a caldera lake. The surface of the lake is 2,257 m above seal level, the highest
peak of the crater wall is 2,751 m above sea level, and the maximum depth of
water was measured at 375 m; therefore, the depth of the crater is 869 m, the
deepest in Manchuria-Korea. The crater has a swollen pear shape in the north-
western section, is 3 km in length east-west, 4 km north-south, 9.2 km? in area
and 13.7 km in circumference. Water flows out from Ta-men in the northern part
of the lake and runs north through a barranco, forming 60 m high waterfall called
the Chang-pai. The lower course is called the Erh-tao-pai-ho, which is the origin
of the Sung-hua-chiang River.

(f) Volcanoes composed of volcanic scoria and lava flow consist of cinder cones
occasionally intercalated with lava flow as mentioned above, but these do not
occur on a large scale. Representative of this type is Chang-pai-shan, composed
of an alternation of volcanic ejecta and lava flows. Chang-pai-shan is situated on
the border between Manchuria and Korea; and had been known as the highest
point Ta-cheng-fen (2,745 m), but in 1943 the highest point was observed to be
2,751.48 m, 95 m west of a triangular survey mark at Ta-cheng-fen. The crater
at the summit is nearly circular, 5 km in diameter, and the crater wall is sur-
rounded by peaks over 2,600 m above sea level; the northern section is broken,
running through a barranco.

The inner crater wall is steep and a cliff formed by lava flow rises several hun-
dred meters. At the bottom of the crater lies the caldera lake of Tien-chih. Lake
water runs out to the north, forming the Chang-pai waterfall.






