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COALFIELDS OF THE REPUBLIC OF KOREA

GEOLOGY OF MACHA-RI COALFIELD

. By Jorx A. REINEMUND

ABSTRACT

For several years the Macha-ri coalfield of south-central Kangwi&n-do has been
the second largest producer of coal in the Republic of Korea. More than 3 million
metric tons of coal have been produced since mining was started in 1935. Prac-
tically all of this has been shipped to the nearby Yongwol powerplant by means
of 7%-mile connecting aerial tramlines. As the main supplier of fuel to this plant,
which is the chief souce of electric power for the Republic of Korea, the importance
of the Macha-ri coalfield to the economy of the country is far greater than the size
of the field would otherwise warrant.

The coal beds in the Macha-ri field are in the upper part of the Sa-dong forma-
tion of Pennsylvanian and early Permian age. They crop out in a narrow,
northward-trending belt for nearly 4% miles, and they dip westward at angles
generally between 45° and 75°. The coal-bearing rocks are cut off on the west
by the westward-dipping Macha-ri thrust fault which is closely parallel to the
trend of the coal beds. This fault is the sole of a thrust plate, composed of Cam-
brian and Ordovician rocks, which has moved relatively eastward over the coal-
bearing Sa-dong formation. During the thrusting, the coal beds were intensely
faulted and folded, resulting in offset, duplication, coal gouge, and “pinch and
swell”” structure in the beds. There were probably three coal beds in the field
that were continuous originally, individually as much as 10 feet in thickness, and
several thin, discontinuous beds. The folding and faulting have resulted not only
in the structural irregularity of these beds, but also in the disarrangement of the
constituent layers in the beds and the pulverization of the high-quality coal.

Recent sampling and analysis show that the coal asnow shipped from the Macha-ri
field, without systematic beneficiation, has fixed carbon contents ranging from
gbouf: 28 to 64 percent, ash contents ranging from about 28 to 62 percent, and
heat values ranging from about 4,400 to 9,900 Btu. It is estimated that there
is & reserve of about 28,287,700 metric tons of coal in the field, of which probably
no more than half will be recovered.

INTRODUCTION
LOCATION OF AREA AND SCOPE OF REPORT

Located in the south-central part of Kangwdn-do, the Macha-ri
coalfield of Korea is about 125 miles east-southeast of the capital city
of Seoul. The field takes its name from the town of Macha-ri which
lies near its south end, in the east-central part of Puk-myon, Yongwol-
gun. From Macha-ri the coal-bearing rocks extend northward about
4.3 miles into the southern part of Mitan-myon, P’ydngch’ang-gun.

11



12 COALFIELDS OF THE REPUBLIC OF KOREA

Ten miles south of Macha-ri by road is the town of Yongwol,! site
of the steam powerplant operated by the Korean Electric Power Co.
and terminus of a railroad from Chech’dn constructed in 1949-50.
The location of the Macha-ri coalfield and its relation to Macha-ri,
Yongwol, and adjacent political subdivisions are shown in figure 2

This report summarizes the results of a study of the Macha-ri field
by the Geological Survey which was made from September 1949 to
March 1950, as a part of the program of the Economic Coopeération
Administration and the Republic of Korea to increase the productivity
of the coalfields. It presents data on the thickness, extent, and re-
serves of coal in the field; provides information on the structure and
internal characteristics of the coal beds; and suggests procedures for
future mine exploration.

PREVIOUS WORK AND ACKNOWLEDGMENTS

The Macha-ri coalfield was first mapped by geologists of the Chosen
government fuel laboratory ? about 1930. Additional detailed map-
ping of part of the field was done in 1933 for the Mitsui Mining Co.3
Unpublished maps from these investigations were made available to
the writer. The regional geology of the Yongwol-Macha-ri area was
described by Yoshimura (1940), and brief examinations of the field
were made by Hatae (1941a, 1941b) at about the same time.*

Information on the Macha-ri field was assembled by geologists of
the U. S. Geological Survey in 1946 during the military occupation of
Korea.> The work of these men has been helpful in the preparation
of this report.

The writer wishes to express his appreciation to the many officials
of the Korean Government and the Economic Cooperation Adminis-
tration who made possible this study of the Macha-ri field, and to the
64th Engineering Topographic Battalion, Corps of Engineers, U. S.
Army, for preparing the base maps used in this report. Thanks are
also extended to the personnel of the Coal Branch, Division of Indus-
try and Mining of the American Mission in Korea, and in particular
to Claude Murphy, mining engineer assigned to the Macha-ri field,
for their generous cooperation. The accommodations and information
supplied by Tai Won Sun, manager, and Kim Chang Suo, chief of

1 The Macha-ri field was formerly called the Yongwol (Neietsu) coalficld. Because it is closer to Macha-ri
and is one of three coalfields in the vicinity of Yongwol, the name has recently been changed.

2 Yong-pan, Kok-gang, Su-hyop, and Song-yo, undated, Geologic map of Neietsu (Yongwol) cealfield:
Chosen Government fuel laboratory unpublished map, in files of the Korean Geological Survey.

3 Nagabuchi, M., Nishiwaki, T., Kudooka, 8., and Matsumo, G., 1933. Report on geology of Neietsu
(Yongwol) coalfield: unpublished rept from ﬁles of Mitsui Mining Co., Ltd., Tokyo, Japan.

4 Hatae, Nobuhiro, 1939, Neietsu (Yongwol) coalfield: unpublished report in files of the Korean Geo-
logical Survey. (Japanese) Not available.
. 8 Qallagher, David, and others, 1948, Mineral Resources of Korea—Coal: unpublished rept. in ﬁleg of
U. 8. Geol. Survey, pp. 32-35.
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planning, as well as other officials of the Macha-ri Mines, have been
most helpful. The writer especially wishes to express his appreciation
for the services performed by Mr. Kwak Young Goo, technical assist-
ant, and Shim Jai Won, driver, during the investigation.

GEOGRAPHY
TOPOGRAPHY

Characterized by steep-walled, narrow valleys and sharp sinuous
ridges, the topography of the Macha-ri area is typical of the terrain
in most of the eastern half of the Korean peninsula. Almost all the
surface is steeply sloping, although locally in areas of easily eroded
rocks the valley floors are wide enough to permit farming and the
construction of villages. In areas where the rocks are resistant to
erosion, most of the larger valleys are winding gorges with entrenched
meanders and are poorly adjusted to the structure of the underlying
rocks. Altitudes range from less than 800 at Macha-ri to more than
3,000 feet in th» mountains near the northwest corner of the field.
The outcrop of the coal beds ranges in altitude from about 900 near
Pangyo to more than 2,200 feet northwest of Mitan. This outcrop
is crossed by many deep valleys and sharp ridges, making it possible
to mine much of the near-surface coal in the steeply dipping beds by
tunnels into the valley sides and by opencuts on the ridge crests.

Remnants of stream terraces are present at two levels in the valleys
of the Macha-ri area. Near the heads of the valleys the lower terraces
are generally less than 15 feet, and the upper terraces less than 50
feet, above present stream level; downstream these terraces gradually
increase in altitude relative to stream level, the lower terraces lying
as much as 80 feet, and the upper terraces as much as 200 feet, above
present drainage in the main valleys of the coglfield. The lower
terraces have provided sites for the construction of miners’ residences
at Pangyo, Bamchi and Mitan. Most of these terraces are covered
by deposits of clay, sand, and gravel as much as 40 feet thick, which
were washed down from surrounding slopes or deposited by the streams
when the valley floors were about the same altitude as the terraces.

Ridge crests in the region around Macha-ri show a marked accord-
ance in altitude; if the present valleys were filled to the levels of the
adjacent ridge crests there would result an old-age topography in
which the highest ridges would be only hills. This accordance of
crests, together with the widespread presence of entrenched meanders
and the poor adjustment of drainage to rock structure, indicates that
the present topography is a result of uplift and dissection of a surface
of low relief. The steep-sided, narrow valleys indicate that the uplift
has been fairly recent and downcutting by the streams has been rapid.
Existence of the stream terraces at two levels indicates that down-
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cutting was impeded twice while extensive widening and aggradation
of the valleys took place. The streams of the area are now aetively
deepening their valleys and removing local accumulation of alluvium,
probably as a result of recent renewal of uplift.

CLIMATE

The Macha-ri area, like most of Korea, has warm moist summers
and cool dry winters. Information was collected from 10 weather
stations in southern Korea during the period 1945-49 by the Central
Meteorological Observatory, Ministry of Education, Republic of
Korea, and assembled by the American Mission in Korea, Economie
Cooperation Administration (1949, tables 20 and 21). These data
show that the total mean precipitation in southern Korea for the
months of June through September ranged from 23.1 to 44.2 inches,
and the total mean precipitation for the months of October through
May ranged from 13.6 to 17.7 inches during this 5-year period. The
mean monthly precipitation ranged from 3.1 to 5.2 inches. These
data are summarized in table 1, together with the mean annual
temperatures for the same years. During 1949, when temperatures
were about average for the period 1945-49, the range of temperatures
in southern Korea was from a mean of 36° ¥ in January to a mean of
79° F in August. These are figures which apply to seuthern Korea
as a whole. Corresponding figures for the Macha-ri coalfield, if they
were available, would probably show slightly greater precipitation and
slightly lower temperatures as compared with the average conditions
in southern Korea.

TaABLE 1.—Mean precipitation and temperature in southern Korea
[Averages from 10 weatber stations]

Total mean precipitation
Mean monthly pre- | Mean temperature
. cipitation
Year June-September October-May

~(mm) |, (@in) (mm) (in) (mm) (in) ©o I eP
1945 e 647.6 25.5 424.0 17.1 89.3 3.5 12: 0 53.6
1046 oo mreeanee 848.0 33.4 423.8 16.7 106.0 4.2 129 55.2
M7 eiiolovas| . TBLS 29.8 345.4 13.6 9.9 3.6 1.6 5.9
1048 e .1;122,0 4.2 449.5 17.7 131.0 . b2 3.2 55.8
1949 e 587.3 | 23.1 358.1 14.1 78.8 3.1 12.7 54.9

" DRAINAGE

The Macha-ri area is drained by tributaries of the Han-gang which,
at its nearest point, is about 2 miles southeast of Macha-ri. Drainage
from the southwestern part of the field flows into the P’ydngch’ang-
gang, which joins the Han-gang at Yongwol (fig. 2). Streams in the
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northeast part of the field flow northward and eastward to join the
Han-gang farther upstream.

From June to September, when the rainfall generally is more than
25 inches, rapid runoff resulting from steep slopes and sparse forests
causes frequent flooding along the major streams. From October to
May, when the total rainfall is generally about 15 inches, many small
tributaries are dry. During these months the larger streams have
small, but fairly constant, discharges which are sustained by springs,
some along faults, some along contacts between beds of different
permeability, and some along the bottoms of terrace gravel deposits.
Water for domestic use comes from these springs and the streams they
supply.

Extensive solution has occurred in the limestone beds along the
east side of the coalfield, particularly along faults. Sinkholes, which
are evidence of this subsurface solution, are present in limestone
terrain throughout the Macha-ri area. Locally they have destroyed
the surface drainage pattern as in the area northeast of Mitan (pl. 1).
Ground water moving along faults has been found in the mine work-
ings, but it has not seriously impeded mining activity because most
of the workings are above the local stream level and above the water
table. As mining is done at greater depths the flow of ground water
into the workings will probably be more of a problem, because the
mine areas are badly faulted.

LAND USE

The once heavy forests of the Macha-ri area, composed dominantly
of pine and oak, are almost entirely gone. The local inhabitants,
probably more than 25,000, of which more than 4,000 are employed
at the mines, have stripped the hills of trees to obtain firewood, lumber,
and mine timbers. In 1950 a good stand of timber remained on some
of the higher ridges in the northwest corner of the field, and there was
a reforested area of young trees on the mountain top east of Pangyo.
The higher slopes and heads of valleys are generally-brushy, but most
of the lower slopes are bare.

Although the soil is very thin, the hillsides in the area are under
intensive cultivation. Corn, cotton, wheat, barley, oats, millet,
radishes, beans, peppers, cabbage, and other vegetables are grown on
the slopes. Terraces and valley floors offer somewhat better soil.
Rice paddies have been built on almost every square foot of terrace
or bottom land that can be irrigated.

TRANSPORTATION

The Macha-ri coalfield may be reached by roads from Chech’dn and
Yongwol to the south, from Chongson and Chang-ni to the northeast,
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and from P’ydngch’ang to the northwest. These roads are shown in
figure 2. They have crushed rock surfaces and are generally in good
condition, but they may be temporarily impassable during the summer
months because of flooding. The nearest railroad is at Yongwol, a
branch line from Chech’én constructed in 1949-50.

SEDIMENTARY ROCKS
SEQUENCE AND DISTRIBUTION OF FORMATIONS

The sedimentary rocks of the Yongwol-Macha-ri area have been
described by Yoshimura (1940, p. 115-120), who grouped them into
five formations belonging to the Chosen system of Cambrian and
Ordovician age and two formations belonging to the Pyongan system
of Pennsylvanian and Permian age. From oldest to youngest, the
formations of the Chosen system have been named the Sambong-san,
Macha-ri, Wagok, Moongok, and Yonghung. The Pyongan system
consists of the Hongjom and the Sa-dong formations; the Sa-dong
contains the coal beds and includes the youngest rocks in the Macha-ri
coalfield. Except for the Moongok, which is exposed a short distance
west of the mapped area, all these formations are present in the area
shown on plate 1; their sequence, lithology, and thicknesses are
summarized in figure 3.

Closely parallel to the northward-trending outcrop of coal beds in
the Macha-ri field is the Macha-ri thrust fault, a structure which
divides the area shown on plate 1 into two parts differing strati-
graphically as well as structurally. With the possible exception of a
small block of limestone that may belong to the Yonghung formation,
the entire area west of this fault is underlain by rocks of the Sambong-
san, Macha-ri and Wagok formations, comprising a thrust plate that
has moved relatively eastward over the rocks east of the fault. The
westward-dipping Macha-ri thrust fault is the surface along which
this movement occurred. Duplicated by subsidiary thrust faults
within the thrust plate, the Sambong-san, Macha-ri and Wagok forma-
tions crop out in almost parallel belts over most of the area west of
this fault. East of the Macha-ri fault the entire area shown on the
geologic map is underlain by rocks of the Yonghung, Hongjom, and
Sa-dong formations. The Sa-dong crops out along the east side of
the fault, and belts of outcrop of the Hongjom and Yonghung forma-
tions are farther east. Located in the upper part of the Sa-dong, the
coal beds crop out in a narrow belt along the east side of the Macha-ri
thrust fault; in many places the coal beds lie against the fault or are
cut by it. The distribution of the geologic formations in-the Macha-ri
coalfield is shown on plate 1, and the relationship of the coal outcrop
to the fault is shown on plate 2.



COALFIELDS OF THE REPUBLIC OF KOREA

Top of lormatmn cut off by Macha-ri
thrust fault
Upper bed |  Probably continuous
coal beds except
Middle bed for discontiurties
caused by faulting
Lower bed and folding

Thickness,
in feet

Interbedded gray and black clay-
stone, fissile shate, silty shale,
and thin-bedded sandstone, partly
metamorphosed to argillite and
quartzite, containing lenuculu.
discontinugus coal beds of vai
iable stratigraphic position 3200~

Sa-deng formation

Interbedded gray and black fissile
shale, sandy shale, siltstone, and
sandstone, partly metamorphe
o uguhle and quarizite, con-
taining lenticular, discontinuous
beds of limestone

PYONGAN SYSTEM

Interbedded red and purple claystone
and shale, gray and purple silt- gﬁ“_&
stone and sandstone, and gray
limestone, partly metamerphased
to argillite, quartaite, and marble

Basal conglomerate. Pebbles main-
Iy gray quartz in south part of
tield and gray limestone m north 0—
part, embedded i red claystone 100
of purple siltstone matrix

UNCONFORMITY

Light-gray limestone i beds from

LT several wches to several feet thick

T ™ Red and gray calcareous argillde

L
L2

Hongjom formation

Interbedded dark-gray imestone and 2500+

nght gray. argillaceous limestone

beds from several inches to
seuera) feet thick

Yonghung formation

Bottom of formation not exposed
in this area

Top of formation not exposed m
this area

Dark-gray, massively bedded,
coarsely crystalline, dolomitic 1250+
limestone. ~ Weathers with dis-
tinctive black, pitted surfaces

Great Limestone series

Wagok formation

2000 Feet

Light-gray, thin-bedded limestone,
gﬂ: interbedded thin, ﬂ;:‘liihmn
ale and dark-gray, argillaceous
limestane beds, especially in 1580
lower part. Beds are rarely more
than a few inches thick 1000

CHOSEN SYSTEM

Macha-ri formation

UNCONFORMITY

Light-brown, massively bedded
quartzite containing scattered
flakes of muscovite

hgill brown or gray, thin-bedded to

thick-bedded quartzitic sand-
stnnt. with mlemdded gray or .

gray sandy sh: Seat:  Thickness-
und ﬂakesul muscnmle in sand- 2650+ "': :l?hiod to
stone beds and heavily micaceous change when
hands n shales magnitude of °
Dark-red, dark-brown, and green internal fault-
sally argillte composed of i to ing within for-
y-in, dark-red, nonsilty laminae mations is
and dark-brown or green, silty, more accu-
micaceous laminag rately known
Bottom of formation cut off by
Macha-n thrust fault

. Sambong-san formation

FiGURE 8.—Columnar section of formations exposed in the Macha-ri coalfield.
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As the rocks of the Sambong-san and Macha-ri formations along
the west side of the fault are more resistant to erosion than the rocks
of the Sa-dong along the east side, there is usually an abrupt change
in topography along the trace of the fault. This topographic change
in the Bamchi area is shown in plate 5.

CHOSEN SYSTEM

The Chosen system in the Macha-ri area consists of clastie, non-
carbonate sedimentary rocks in the lower part (Sambong-san forma-
tion) and limestone beds in the upper part (Macha-ri, Wagok, Moon-
gok, and Yonghung formations), commonly- called the Great Lime-
stone series. A disconformity, not previously recognized, is at the
top of the Sambong-san or between the non-carbonate and carbonate
parts of the system. This disconformity is well exposed in a narrow
valley about a third of a mile northeast of Solchi.

Yoshimura regards the lower part of the Chosen system, the Sam-
bong-san formation, as of Middle Cambrian age; the limestone beds
of the upper part of the system are believed to range in age from Middle
or Late Cambrian (Nacha-ri formation) to Early or Middle Ordo-
vician (Yonghung formation). The Cambrian and Ordovician bound-
ary being indeterminate, Yoshimura calls the entire system “Cambro-
Ordovician” in age. In view of the newly discovered disconformity
at the top of the Sambong-san, the designation “Cambro-Ordovician”
is reserved for that part of the Chosen system which is above the
disconformity, the carbonate beds of the so-called Great Limestone
series. The Sambong-san formation below the disconformity is here
listed as being of Cambrian age (pl. 1).

The Chosen system in the Macha-ri area differs considerably in
lithologic sequence and faunal assemblage from the Chosen system
in the Okdong area east of Yongwol, described by Yoshimura (1940,
p. 113-115), and in the Samch’ok coalfield farther east, described by
Shiraki (1940). Although the same general lithologic division exists,
the Chosen system east of Yongwol contains non-carbonate beds in the
upper part and limestone beds in the lower part. Shiraki recognizes
20 faunal zones in the Chosen system of the Samch’ok field, ranging
in age from Middle Cambrian to Middle Ordovician, but these zones
have not been correlated with the faunal assemblage in the Macha-ri
area. Emphasizing these differences, Yoshimura has named the
Chosen system in the Macha-ri area the “Yongwol-type” Chosen
system, whereas that east of Yongwol he calls the “Doodanvang-

type.”

394094572
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SAMBONG-SAN FORMATION

The Sambong-san formation includes the oldest rocks exposed in
the Macha-ri coalfield. As indicated in figure 3, it contains dark-red,
dark-brown, and green silty laminated argillite in the lower part,
grading upward into light-brown or gray quartzitic sandstone inter-
bedded with gray or greenish-gray sandy shale. The argillite laminae
are generally contorted in minute folds. At the top of the formation
is a massive light-brown quartzite. This quartzite is exposed at several
places along the west side of the Macha-ri thrust fault (pl. 1), and
it also appears in narrow bands of outcrop along other thrust faults
farther west. The remainder of the formation is present only in the
northwest corner of the field where it is complexly folded and faulted.
The base of the formation is cut off by the Macha-ri thrust fault and
is not exposed in the Macha-ri area.

The lithology of the Sambong-san formation as shown in figure 3
differs from that indicated by Yoshimura. His report lists the suc-
cessive members (from bottom to top) of the formation, as follows:
limestone and interbedded shale, green and red argillite, light-brown
quartzite, red and green shale, and light-brown quartzite. These
members are shown as simple bands of outcrop in the northwest
corner of the field. Their total thickness is listed as 41,380 feet.
As a result of the more detailed mapping possible during this investiga-
tion, it appears that the structure and outcrop pattern in the north
part of the thrust plate are much more complex than previously
thought. If these structural complexities are considered in inter-
preting the outcrop pattern, the succession of lithologic units in the
Sambong-san formation is somewhat different. The only limestone
noted in this area was a small patch along the Macha-ri thrust fault
which had no continuity westward at the same stratigraphic position.
Its relationship indicates that it is a block that was dragged into its
present position along the Macha-ri thrust fault from some strati-
graphically higher formation. It resembles limestone from the
Yonghung formation, and has been tentatively identified as such
(pl. 1). 'The true stratigraphic position of this limestone block is not
known, but if it is a part of the Sambong-san formation it has been
displaced by faulting and its true stratigraphic relationship has been
obscured. The lithologic succession of the other members of this
formation as described by Yoshimura is in agreement with the.suc-
cession as shown in figure 3 if allowance is made for duplication of the
members by thrust faulting, which is now known to exist within the
thrust plate. The total thickness of this formation is now regarded
as exceeding 2,650 feet.

It is probable that the thickness and lithologic succession of the
Sambong-san formation as indicated here will be revised in the-future
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when additional detailed mapping is done in the area northwest of the
Macha-ri field. Until such mapping is done, the description of this
formation presented here should be regarded as-tentative. - - .+ - -

On the basis of the trilobite fauna, Yoshimura indicates that the
Sambong-san formation is probably of Middle Cambrian age. Helists
the following fossils from this formation: Ptychoparia sp., Anomo-
«carella spp., and Megagraulos spp.

GREAT LIMESTONE SERIES
MACHA-.RI FORMATION

The Macha-ri formation consists of light-gray thin-bedded lime-
stene having interbedded thin zones of dark-brown calcareous shale
and dark-gray argillaceous limestone which are quantitatively more
abundant in the lower part of the formation. Individual beds in- the
lower part range in thickness from % inch to several feet; in the
upper part of the formation the beds are generally less than 6 inches
thick. Most of the formation has a characteristic banded appearance
resulting from the alternation of the light-colored beds and the rela-
tively thinner dark beds. Where this formation borders the Macha-ri
thrust fault the banding is accentuated in some places by seams of
secondary dolomite which locally follow the bedding.

The Macha-ri formation crops out in northward-trending belts in
the thrust plate west of the Macha-ri thrust fault. It has been
strongly folded in many places within these belts, and there has
apparently been a considerable amount of internal shearing along
bedding surfaces and minor thrust faults within the formation,
making it difficult to determine the true thickness. Yoshimura
listed the thickness as 4350 feet; using the new topographic base for
plate 1 as an aid in the calculation gives an estimate of thickness of
about 1,580 feet for this formation. This figure may be changed

- when more accurate information is available on the effects of faulting
and folding within the formation.

Yoshimura apparently considers the Macha-ri formation as Middle
to Late Cambrian in age. He recognizes two faunal zones within
the formation characterized by the following fossils: upper zone,
Lopnorites, Glyptagnostus, and Olenus; lower zone, Tonkinella,
Kootenia, Kogenium, and Manchuriella.

WAGOK FORMATION

* The Wagok formation is a massively bedded dark-gray, coarsely
crystalline limestone, in part dolomitic. It weathers into large,
rough blocks having black pitted surfaces. Over most of the outcrop
area, along the west edge of the area shown on plate 1 it is intensely
brecciated. It rests conformably on the Macha-ri formation. The
top of the Wagok is exposed a short distance west of the area (pl. 1).
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A 1,250-foot section of the formation is present in this area, including:
all but the top 200 feet. According to Yoshimura, the thickness of
the Wagok ranges from 650 to 1,460 feet in the Macha-ri area. .

No fossils were found in the Wagok during this investigation, and
as far as the writer knows none have been reported.

MOONGOK FORMATION

The Moongok formation is not exposed in the area mapped during
this investigation. Yoshimura has divided it into three lithologic
units consisting of thin-bedded shaly, argillaceous limestone members
at the top and bottom, and a thick-bedded, dolomitic hmestone
member in the middle.

Fossils reported by Yoshimura from this formation are: upper
member, Pomatotrema, Geragnostus, Shumardia, Asaphellus, and a
cheirurid; middle member, Geragnostus, Lingulelle, Apatokephalina,
Geragnostus, Shumardia, Asaphellus, and a cheirurid; and lower
member, fossils not identified.

YONGHUNG FORMATION

A bed of red and gray argillite, ranging from 10 to 20 feet in thick-
ness, is a conspicuous member of the Yonghung formation and was
mapped in many places in the Macha-ri coalfield. This argillite
marker, which is shown in the columnar section, figure 3, is about 600
feet below the top of the formation and divides it into two parts.
which differ lithologieally. Above the marker the rocks are mostly
light-gray limestone in beds generally between 2 and 6 feet thick.
Below the marker the rocks are dark-gray limestone, in beds several
feet thick, containing interbedded light-gray argillaceous limestone,
only a few inches thick. The proportion of light-gray argillaceous.
limestone increases downward in the formation; the lower part
probably grades into the top of the underlying Moongok. The
contact between the Yonghung and Moongok formations may be
present near the village of Chang-ni, near the northeast corner of the
area shown on plate 1, but it was not observed during this investi-
gation.

The Yonghung formation crops out in fault-bounded strips along
the east edge of the coalfield and in blocks at the northeast corner of
the field. Yoshimura estimated the thickness as about 1,300 feet.
It now appears that this formation is probably about twice as thick
as his preliminary estimate. A maximum thickness of about 2,500
feet is exposed in the area shown on plate 1, and this probably includes.
all the formation except 100 feet or less at the bottom.

Fossils are very scarce in the Yonghung formation. The list of
those examined by Yoshimura is not swailable, but he apparently
regards the formation as Early or Middle Ordovician in age.
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PYONGAN SYSTEM

The Pyongan system, which includes rocks of Pennsylvanian,
Permian, and Triassic ages, consists of four formations. From oldest
to youngest these are called the Hongjom, Sa-dong, Kobangsan, and
Nokam formations. Only the Hongjom and Sa-dong are present in
the Macha-ri field. The Hongjom formation consists of a basal
conglomerate overlain by intercalated beds of red and purple claystone
and shale, gray and purple silistone and sandstone, and gray lime-
stone. This grades upward into the Sa-dong formation which
«contains interbedded gray and black shale, siltstone and sandstone,
gray limestone, and coal. The contact between the two formations
is the top of the highest redbed. Locally the rocks of both forma-
tions have been metamorphosed to argillite, quartzite, and marble,
and the coal has been altered to anthracite or metaanthracite.

Rocks of the Pyongan system are widely distributed throughout
Korea. Kawasaki (1940) and Hatae (1940) first classified the lower
part of the system into the Hongjom and Sa-dong formations in
P’yongan-namdo in northern Korea. These formations have been
mapped and described in most of the anthracite fields of northern and
southern Korea, and in the Macha-ri field by Yoshimura (1940, p.
118-120). As a result of these studies, the age of the Hongjom is
restablished as Pennsylvanian, and the Sa-dong is regarded as Penn-
sylvanian and early Permian.

Partly because of lateral changes in texture and composition, and
partly because of structural discontinuities, the lithologic units
‘within the Hongjom and Sa-dong are not reliable units for field map-
ping. The Hongjom and Sa-dong must therefore be treated as
formations, their upper and lower contacts being of greatest use and
reliability in mapping. Accordingly they are listed as formations
_in this report, even though they have also been given the status of
geries by many geologists, because as lithologic units they are com-
parable with the formations of the Chosen system which have already
been described. A

The lithology and thickness of the Hongjom and Sa-dong formations
are shown in figure 3.

HONGJOM FORMATION

At the base of the Hongjom formation is a conglomerate bed that
is as much as 100 feet thick and lies unconformably on the limestone
of the Yonghung. The best exposure of this bed is 1 mile northeast
of Pangyo along the road to Bamchi (pl. 1). At that locality the bed
is vertical and is 94 feet thick. It consists of crossbedded purple,
red, and gray sandstone, that is fine grained to coarse grained, and in



24 COALFIELDS OF THE REPUBLIC OF KOREA

part micaceous and arkosic. Conglomerate lenses are present in the:
lower two-thirds of the bed, ranging from a few inches to several feet
in thickness. The conglomerate lenses contain well-rounded pebbles.
of white quartz, gray quartzite, gray and red sandstone, and siltstone.
The diameter of the largest pebble observed in this outcrop was
7% inches. This conglomerate bed was mapped at several other
places in the field, but nowhere else was it as thick as at the above
locality. At the north end of the field, on the road from Chang-ni
to P’yongch’ang, this bed is 20 feet thick and consists of limestone
pebbles, as much as 6 inches across, embedded in a red claystone
matrix, and interbedded siltstone and sandstone

Above the basal conglomerate member the Hongjom formation
contains units of claystone, shale, siltstone, sandstone, and limestone
ranging in thickness from 1 foot to almost 200 feet. .The claystone
and shale beds are generally red or purple, locally metamorphosed to
argillite with the formation of secondary cleavage inclined to the bed--
ding. Generally the siltstone and sandstone. beds are gray or purple,
in some places green or red; most of them are quartzitic. The
limestone beds are mostly very light gray and contain an abundance
of fossils; locally they are altered to marble. There is no regular
succession of these lithologic units, although limestone is quantitatively
more abundant in the lower part of the formation, siltstone and sand-
stone are most abundant in the middle part, and claystone and shale
are most abundant in the upper part. A limestone unit ranging from
100 to 200 feet in thickness is present at about the same stratigraphic
position over most of the field in the lower 400 feet. of the formation.
This member, which is shown in figure 3, is thick bedded and contains.
few fossils. Most of the other members of the formation are not
sufficiently distinctive to be of aid in mapping.

The Hongjom formation crops out in two discontinuous, partly
adjacent belts in the east part of the field where it has been dupli-
cated by faulting and folding. Yoshimura lists the total thickness.
of the formation as about 1,950 feet. On the basis of information
now available it appears that the formation ranges in thickness from
about 900 to about 1,600 feet. This variation in thickness may
indicate interfingering of redbeds at the top of the Hongjom with
gray and black beds in the lower part of the Sa-dong.

The limestone of the Hongjom formation.contains a-fauna consisting-
of crinoids, gastropods, brachiopods, corals, and Foraminifera, in-.
cluding the Foraminifera Textularia, Staffella, and Fusulznella,
according to Yoshimura.
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SA-DONG FORMATION

The Sa-dong formation is composed mainly of gray and black
claystone, shale, siltstone, and sandstone, locally metamorphosed
to argillite and quartzite. In the lower 1,000 to 1,600 feet of the for-
mation discontinuous, lenticular fossiliferous beds of limestone are
present, ranging in thickness from 1 to 30 feet. The upper 1,000 to
1,200 feet contains fissile and carbonaceous shale, and coal beds as
much as 12 feet thick. Discontinuous carbonaceous zones and coal
beds as much as 18 inches thick are present-at several stratigfaphic
positions in the middle of the formation. Shale and argillite are quanti-
tatively most abundant in the lower and upper parts of the formation,
and sandstone and siltstone are most abundant in the middle part.
The general lithologic distribution of these different rock types is
shown in figure 3. The top of the formation is cut off by the Macha-ri
thrust fault and is not exposed in the Macha-ri coalfield.

The Sa-dong crops out in a single belt along the east side of the
Macha-ri thrust fault. Because of its proximity to the fault, the
formation has been subjected to intense shearing stresses which
produced irregularities and discontinuities in the different lithologic
units. Thus the coal beds in the upper part of the formation have a
“pinch and swell” structure, and are abundantly contorted and offset
as a result of folding and faulting accompanied by squeezing of the
coal. Similarly, in many places the sandstone and limestone beds
are faulted, folded, and pulled apart into discontinuous blocks around
and between which the adjacent shale or argillite has been squeezed.
The difficulties of tracing individual rock units in such a structural
environment are increased by lateral changes in thickness and lithology
of these units. _

Because o1 the intense structural deformation within the Sa-dong,
only approximate estimates of the thickness of the formation are
possible at present. The best available evidence indicates that
between 3,200 and 4,100 feet of Sa-dong is exposed in the Macha-ri
coalfield. This probably includes all the formation except about 100
feet at the top which has been cut off by the Macha-ri thrust fault.
Yoshimura’s preliminary estimate for the total thickness of the
Sa-dong formation was about 2,900 feet.

The Sa-dong is believed. to be of Pennsylvanian and early Permian
age on the basis of the fusulinids contained in the limestones. of the
lower part of the formation. These limestone beds contain-an
abundance of corals, brachiopods, and gastropods. The shale in the
upper part of the formation contains crinoids, brachiopods, and
pelecypods. Some shale beds in the middle and upper. parts of ‘the
Sa-dong have an abundance of plant fossils (lepidophyta and arthro-
phyta). Plant fossils are distributed profusely throughout the:light-
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gray claystone or argillite beds which underlie most of the coal beds.
Yoshimura lists the fossils below from the Sa-dong formation.
Foraminifera: Teirataxis

Textularia

Schwagerina

Pseudoschwagerina

Anthozoa: Syringopora
Brachiopoda: Chonetes carbonifera Keyserling

sp. A (N. spp.?)
sp. B (N. spp.?)

Productus manchuricus Chao
Spp.

Linoproductus cfr. simensis Chao

Buatonia cfr. mapingensis Grabau

Echinoconchus elegans (McCoy)
liangchowensis Chao

Dielasma sp.

Spirifer sp.

Squamularia asiatica Chao

Moartinia semiglobosa Tschernyschew

Protoschizodus? sp.

Pelecypoda: Awviculopecten manchuricus Chao

spp.

Acanthopecten sp.

Entolium sp.

Pleuronectes sp.

Gastropoda: Trachydomia sp.

QUATERNARY SYSTEM
TERRACE DEPOSITS

Loosely coherent deposits of clay, sand, and gravel as much as
40 feet thick are present as terraces along the sides of many valleys
in the Macha-ri area. These deposits are most extensive near Pangyo,
Mitan, and Chang-ni (pl. 1). They consist of debris derived from
rocks that crop out on ridges and valley slopes upstream. Most of
the materials are poorly sorted; the constituent rock particles are
angular, subangular, or subrounded.

The terraces of the Macha-ri region are remnants of alluvial stream
deposits which were originally more extensive, probably covering
most valley floors in the region before the valleys were cut to their
present depth. As previously stated, these terraces record episodes
when the downcutting of the valleys was temporarily interrupted
and stream aggradation occurred. Similar river terraces are widely
distributed in many parts of the world. It is generally assumed
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that the widespread changes in stream gradients required to produce
most river terraces probably accompanied changes of sea level which
occurred during the Pleistocene. The terrace deposits of the Macha-ri
region are, accordingly, listed as Pleistocene although their precise

age is not known.
ALLUVIUM

Most of the valley floors in the Macha-ri coalfield are covered with
unconsolidated aluvial sand and gravel, but the only extensive
deposits of alluvium are near Macha-ri, Mitan, and Chang-ni (pl. 1).
These deposits are generally not more than a few feet thick. They
contain larger boulders and less clay than the terrace deposits.

IGNEOUS ROCKS

In the coal-bearing zone of the upper part of the Sa-dong formation,
along the Macha-ri thrust fault nearby, and in the overlying rocks of
the thrust plate there are many small irregular felsitic intrusive
bodies. These masses are most abundant in the badly faulted rocks
immediately below the Macha-ri thrust where most of them are along
faults; individual masses generally do not exceed a few feet in width
and a few tens of feet in length. Earlier maps of the Macha-ri field
show long, continuous dikes and sills near the coal beds along most of
of the coal outcrop. Detailed mapping shows, however, that felsite
is present only in scattered, discontinuous masses of extremely irregu-
lar shape and of such small size that only a few could be shown on
plate 2. The largest of these masses is in the Sa-dong formation
along the Macha-ri thrust fault in the Pangyo mine area. This sill-
like body has the fault surface as its upper contact, as shown in plate 4.
Other irregular intrusive masses are closely associated with the coal
but have no apparent metamorphic effect on it (fig. 4).

The felsitic rocks of the Macha-ri field range in composition from
syenite, consisting mainly of anorthoclase and accessory biotite,
magnetite, apatite, and rutile, to andesite, consisting mainly of
plagioclase and augite phenocrysts, rarely as much as % inch across,
in a fine-grained dark-green groundmass of hornblende, plagioclase,
and magnetite. Preliminary examination indicates that the intrusive
masses are generally either entirely syenitic or entirely andesitic;
however, as the spatial and genetic relationship between the two
intrusive types are not known, the intrusive rocks of the field are
collectively listed as felsite on plate 2.

The intrusive masses along the Macha-ri thrust fault (pl. 2), as
well as some other smaller masses in the mine areas, are syenite.
Generally they are deeply weathered to a light-brown porous earthy
material containing abundant sericite. A specimen of syenite col-
lected from the largest intrusive mass in the field at the locality shown
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A—Coal (gouge)

 B—Coal and chips of carbonaceous shale 1 0 3Feet
- C—Shale and sheared claystone [ — f i
D—Felsite Horizontai and vertical scale

F16URE 4.—Coal and felsite in Macha-ri fault zone, Pangyo mine area,

in plaf,e 4 was studied and described by Mrs. Anna Heitanen-Makela
as follows: :

¥

Coarse alkalie feldspar (anorthoclase) is the main constituent. It includes
small altered biotite flakes, some magnetite grains, apatite prisms, and small
areas consisting mainly of biotite and sericite (altered nephelines?). Biotites are
partly altered to chlorite and include abundant small rutile needles, which are
oriented parallel to the cleavage planes. Many biotites show pseudo-hexagonal
shapes. Secondary biotite grows around the older flakes and fills the cracks in
the feldspars. : ’

Many small intrusive bodies in the mine areas as well as some dikes
which were observed northwest of the area shown on plate 1 are of
andesitic or basaltic composition. These- are usually less deeply
weathered than the syenite masses. A basaltic specimen from a 3-foot
dike in the Solchi mine area is described by Mrs. Heitanen-Makela
as follows:

_ Plagioclase (labradorite) and augite phenocrysts range from 1 to 3 mm. in length
and are fairly abundant. The wholly crystalline fine grained groundmass con-
sists of green to brown hornblende needles and tiny plagioclase laths. Small
grains of magnetite and leucoxzene are scattered through the rock.

Calecite is the most abundant secondary mineral. It replaces plagioclase
phenocrysts together with sericite and augite phenocrysts with colorless horn-
blende and antigorite. In addition small calcite grains are scattered throughout
the rock. Very little unaltered augite remains in the central parts of the areas
whieh show external shapes of augite.

. The intrusive masses of both rock types appear to be younger than
the main thrust movements. The intrusive rocks along the Macha-ri
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‘thrust fault cut across. from the footwall to the hanging wall of the
fault in many places. Most intrusive masses are cut and offset by
later normal faults of small displacement. The exact age of the
intrusive roeks is not known. They may be of Cretaceous age,
~correspond1ng to intrusive rocks of the Upper Cretaceous Pulkuksa
series, Kyongsang' system, which are present in the Samch’ok coal-
field. The relative age of the two intrusive types is not known,
:although it seems likely that the syenite may be a differentiation from
the same magma that produced the more basic intrusive rocks.

STRUCTURE
MACHA-RI THRUST FAULT

As previously indicated, the Macha-ri thrust fault, one of the

principal faults in east-central Korea, divides the Macha-ri area into
two parts which differ in structure and stratigraphy. In the Macha-ri
<oalfield this fault is of economic importance, first because it cuts off
the coal-bearing rocks on the west and thus forms the west limit of
mining, and second because the structure of the coal beds is mainly
& result of the thrusting that occurred along this fault. _
" The Macha-ri thrust fault was mapped by Yoshimura from the
place where the P’y¥ngch’ang-gang crosses it south of Macha-ri and
west of Yongwol northward to a granitic area south of P’ySngch’ang
:and northwest of the coalfield. This is a distance of more than 15
miles measured along the fault trace. Probably the fault extends
farther south in the thrust belt west of the Tangyang coalfield. West of
Yongwol the fa