Boron Mineral Resources in Korea

Takeo WATANABE

Introduction

The unexpected discovery of kotoite, a boron mineral, at the Suan gold mine by
the author during his studies on the geology and ore deposits of that mining dis-
trict in Hwanghae-do, Korea, brought him also to study the boron mineral
resources in various districts. About 1938, the stock of boron ore, which had been
imported from the North and South American continents, became insufficient for
the requirements of Japan. Moreover, later imports did not go smoothly and the
question arose whether boron mineral resources within Japan and Korea might be
sufficient for use of that time, pure borax and such crude borates as kernite and
natural borax of North America, as well as ulexite from Chile and Argentina,
were imported. These ores were of relatively high grade, containing 20-359, B,O,.

As the imported ore consisted of minerals which were formed on the surface of
arid regions such as in California and the Andes, it was evident that similar ore
could hardly be found in Japan, Korea or Manchuria. For this reason, even
though the ore was not of very high grade, all boron minerals containing any
amount of B,O, became the subject of discussion. That is, all localities where
tourmaline, danburite, ludwigite, kotoite or szaibelyite occur were investigated.
At the same time, new methods of manufacturing borax and boric acid from these
minerals were also studied. The manuscript of this report was completed in 1944.

Brief descriptions of the geology and ore deposits of some localities which came
to the front at that time are given here. Detailed descriptions of kotoite were
published in other paper (WATANABE, 1967).

The author wishes to express his gratitude to the late Professor Takeo Kato, and
to Messrs. Iwao Tateiwa, Rokuro Endo and Chuzo Kondo, for their great help
and guidance.

1. Boron Minerals and their Uses

More than fifty kinds of natural minerals containing boron are known, but only
about ten have been used in the manufacture of boric acid and borax.
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Table 1
Important mineral B,0O,; (%) Chief producer
Sassolite B (OH), | 564 | Ttaly
Borax N2,B,0, « I0H,O = 365 U.S.A.
Kernite Na,B,0, « 4H,0 | 510 U.S.A. (California)
Colemanite Ca,BgOy; « 5SH,O | 50.8 U.S.A.
Boracite Mg,B,0,,Cl1 622 | Germany
Hydroboracite CaMgB,O,, +6H,0 | 505 | USSR.
Inderite Mg,B,O,, « I5H,O |  37.3 U.S.S.R.
Szaibelyite MgHBO, 40-43 U.S.S.R.
Priceite Ca;B,,0,;-9H,0 ’ 49 l Turkey

About 1940, the world output of crude ores for manufacturing borax and boric
acid had reached 300,000 tons a year, with North America supplying 80 to 90%,
and the remainder coming from South America (Argentina, Peru and Chile).

Ores from North America consist principally of kernite and natural borax,
which occur as stratified deposits in the arid regions of California, Nevada and
Oregon. This ore can be easily treated, as it consists of borax, which is relatively
soluble in water, and kernite (20-35%, in B,O, content), which is soluble in both
brine water and weak acid. Some of this ore was imported by Japan and then
exported to Korea after being refined to borax and boric acid. Colemanite had
been a principal crude boron mineral ore until about 1927, when kernite was
discovered, and is not now mined.

Most boron ores from South America are composed chiefly of ulexinite, which
is mined in the neighborhood of dried-up and salt lakes in the desert near the
Andes Mountain Range. This was also imported by Japan and greatly utilized.

Turkey was the important producer in Europe, where priceite (or pandermite)
was mined. In the U.S.S.R., various boron minerals containing magnesia were
mined in the neighborhood of Inder Lake, north of the Caspian Sea. In Italy,
boric acid was recovered from hot springs. In Germany, B,O; was recovered as a
by-product from boracite (or stassfurtite), which occurs in rock salt, and supplied
to satisfy the European demand.

As described above, the boron resources mined at that time were only of such
minerals as were readily soluble in water, or were easily treated with weak acid.
Insoluble magnesium borates and boron-bearing silicates were not thought of as
mineral resources.

Minerals such as borax and other crude borates, which are unstable in humid
regions, do not seem to have been formed on a large scale in Japan and Korea,
probably because of few arid regions even in past times. Thus, the discovery of
ore deposits such as the above was thought to be nearly impossible. As a result,
other boron minerals came to be considered, and their modes of occurrence
minutely investigated.
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Elbaite Na (AlLi); Alg (BO,), SigO,5 (OH),
Dravite NaMg,Al; (BO,), SigO,4 (OH),
Schorlite NaFe'';Aly (BO,), Sig0,4 (OH),

The constituents average 32-389;, SiO,, 20-409, Al,O,, 9-119, B,O,, 0.5-19,
F and 2-39%, H,0, and sometimes contain alkali, including Na,O, Li,O, K,O, etc.
(0-5%,), magnesia (0-149,), and iron oxide (1-20%,).

Chemical analyses of tourmalines from Korea are tabulated in Table 2. below:

As is obvious in Table 2, tourmalines from Sangnong and Tanch’6n in North
Korea are of the magnesian variety, while those from various localities in South
Korea are mainly of the ferroan variety.

Tourmalines occur most commonly in acidic igneous rocks as granite, especially
in pegmatite, aplite and hypothermal quartz veins or iron deposits, as well as in the
neighboring contact metamorphic rocks. The richness in magnesia of tourmaline
in North Korea seems to be in some genetic relation to the fact that magnesia-rich
rocks, including magnesite, dolomite and magnesian pelitic schists are abundantly
distributed all over the northern districts of Korea.

The B,O; content of tourmaline is not high, attaining only about 99%,. Tour-
maline is a relatively stable mineral, making it difficult to recover B,O;. Japan,
however, succeeded in making boric acid from this mineral, recovering B,O, by
treatment with either HCI or H,SO, "after heating at high temperature (800°C),
or by heating it together with soda ash. Though the process may increase the pro-
duction cost, at any rate it succeeded in recovering B,O; on an industrial scale. In
this process, it became clear that alkali tourmaline and magnesia tourmaline are
more easily decomposable than iron tourmaline, and accordingly their treatment
is somewhat easier than the latter. This may have been an important reason why
the Sangnong tourmaline was investigated.

b. Kotoite

Kotoite is a magnesium borate having the composition Mg,;B,O,. It was first
discovered in the Holgol (or Hol Kol) deposit of the Suan gold mine, Hwanghae-
Do, and it occurs in contact metamorphic rock formed through pneumatolytic
action. The B,O, content of kotoite is 36.59, ; however, the mineral does not occur
singly but always with calcite, forming kotoite-marble, in which case the B,O,
content is no greater than 9-129,. Although kotoite is difficult to dissolve in water
and in dilute hydrochloric acid, in general, it becomes easily soluble in water when
heated together with soda ash, enabling one to separate out the boric acid content.
Institute of the Hitachi Manufacturing Co. then established factories at Inch’eon
and P’yeongyang, and produced borax using the above method. There ore used,
so-called Kotoite, was really rock which may be called “Kotoite-marble”.

For further details on the mode of occurrence and properties of kotoite, readers
are referred to another report (WATANABE, 1967).
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c. Szaibelyite

The mineral is a hydrated magnesium borate, HMgBO; or 2MgO-B,0,.
2H,0, containing as much as 409, B,O,. It is hardly soluble in water like kotoite
and occurs in the contact metamorphic zone in dolomite regions, forming at
times massive metasomatic ore bodies. This mineral is also found in Manchuria,
near Korea, and other districts, and some occurrences contain a considerable
amount of boron, and were actually mined in part. In Korea, it was found in
association with ludwigite, but in small amounts.

Some of the rocks with szaibelyite contain 10-15%, B,O,, and at times, 259,
B,O,. These ores can be treated, on the whole, similar to kotoite, and may also
be treated directly with acids. It is highly possible that the mincral will be found
in North Korea in the future.

d. Ludwigite

Ludwigite is a borate mineral having the composition 4MgO-«Fe, 04+ B,0,,
and occurs in pneumatolytically metamorphosed rocks on the contact between
dolomite and granite. The ore contains 15-179%, B,O,, and occurs in association
with iron and copper in the deposit. Though it has been found in Namjong (T'ul
mijong), Holgol and in the Unsan gold mine, it is small in amount and ore deposits
are not large enough to be developed as -a of boron in Korea. In Manchuria,
ore from Hua-tung-kou and other localities have come to the front sources
of boron.

e. Other boron minerals

Although axinite (5%, B,O,), danburite (28.69, B,O,;) and datolite (9-119,
B,O,) are all boron-bearing silicates, little notice was taken of them because of
their low boron content and the difliculty involved in treatment. Of them,
danburite occurs in abundance at Toroku, in Kyushu, Japan, and was once
mined to some extent. In addition, johachidolite, a boron-bearing mineral with
fluorine, was found at Sangpa’l-tong, Kilchu-gun, Hamgyong-pukto, North
Korea, and a mineral called suanite was discovered from Holgol, however, they
have no significance as a source of boron.

2. Geology and Ore Deposits

(I) Johachidolite from ncar Sangp’al-tong

Sangp’al-tong in Changbaeng-myon, Kilchu-gun, Hamgyong-pukto, is
located near the boundary between Hamgyong-pukto and Hamgyong-namdo.
At Sangp’al-tong, nepheline dikes cut the limestone. Recently, a new mineral-
bearing boron, named johachidolite, has been discovered in the above dike, but
the amount or quality of the ore present has not yet been determined.
(IT) Sangnong Minc (Tourmaline)

General view: The Sangnong mine is located near the middle reaches of the
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Namdaae-ch’0n (river), running through the northeast part of Hamgyodng-
namdo. Gold, copper and cobalt ores had been prospected in this mine for three
years prior to 1948, when Keizaburo Nakamura, a geologist of the Geological
Survey of Korean G.G., found a large amount of tourmaline contained in the
country rock of ore deposits in the region. The ore deposit consists of gold-copper-
cobalt-bearing quartz veins running nearly parallel to the stratification of tour-
maline-bearing schist. The impregnation deposits nearby the veins also contain

SN[ ToKapsan '\_ 4 1

Suha-mydn \

R WY — /. N
angnon I'\l »
ZL ﬁ) gneng: % \'u-
3 \ /\ : )
® e
2 o - 1
L

\ Haunsung ni

\ - S—.
¢ :
~4/'/\.
P \
RGN s 7 \ ?\ Ichung-myon
N 4 \'\,/ =2
\
. |
TANCHON-GUN /
(/ \
(\ N
i i
\ Hada-myon /
) " Taedong ‘
r S ~ —
/./ J N7 1
| R Totaku-Mak-kol Mine AN Ta”CHa’l__

(Iron) _/'\ §/ ==N

! Tanchon yip =

To Kilchu

»®R Totaku-Tan-pung Mine
(Gu, Tourmaline)

3R Sangnong Mine
( Tourmaline)

I 0 4 Km.

bl L1

To Kydngsong

Fig. 1. Map Showing the Location and the Communication of the Sangnong, the Totaku-
mak-kol and the Totaku-Tanp’ung Mines, Tanch’6n-gun, Hamgyong-namdo.



138 KOREA

gold, copper and cobalt, but the quality of the ore is not high enough to be worked
independently.

The country rock containing tourmaline, which may be called tourmaline
schist and locally consists almost entirely of tourmaline, is generally 2-39 in
B,O; content. As rock of such quality is impossible to treat as boron ore, the tour-
maline had to be concentrated up to 7-89%, B,O, ore by means of the flotation
method. The reserve of tourmaline schist minable as boron ore was confirmed to
be greater than several hundred thousand tons, and a dressing plant which can
treat about 100 tons of ore a day was constructed. The adjacent claim to this mine
is the Tanp’ung mine (worked by Totaku Co.), where a wider distribution of
tourmaline schist is found. Accordingly, the tourmaline resources of this district
are very great. If the ore dressing had been successful in treating tourmaline, no
anxiety would have been felt about tourmaline resources as far as quantity is
concerned. Tourmaline from this region belongs to the magnesia-rich one, and it is
said that both the acid and alkali methods are adaptable to the production of
boric acid.

Survey and references: The author visited this region in 1943. As for regional
geology, Yoshio Kinosakr of the Geological Survey of Korea carried out sheet
mapping in 1937. Cobalt and tourmaline deposits were surveyed by Keizaburo
Nakamura of the Geological Survey of KoRrea.

After that, investigations of tourmaline deposits were made by Shigenori
Kivura of the Tokyo Shibaura Electric Co., and by Toshio Isnikawa and Mitsuo
FunaBasH of Hokkaido University. In 1944, Toshiya Mivazawa confirmed the
wider distribution of tourmaline schist in the area of the Totaku Tanp’ang Mine
west of the Sangnong Mine. The present paper is based upon these references,
together with the author’s own observations.

Claim :
Mine name Sangnong Mine
Location Sangnong-ni, Suha-myoén, Tanch’6n-gun,
Hamgyoéng-namdo
Ownership Taka-aki OKAGE
Office Okage Mining Office, Keijo-fu (Seoul), Naka-ku,

Eiraku-cho, c/o Eiraku Bldg.

History The mine originated from the discovery of copper ore in a tunnel of
the water-way for a power plant under construction. In 1941, the owner started
prospecting for copper ore and found the auriferous copper deposit. However,
the ore was of low grade and prospecting was continued. In July, 1941, it was
found that the pyrrhotite of this deposit contained cobalt, which was in demand
in Korea at that time. After examining the cobalt ore, K. NaAkaMURrA found that a
tourmaline schist, recognized as a boron ore, was contained in the country rocks.
He then renewed investigation and confirmed the presence of a huge amount of
tourmaline schist; at the same time, pegmatites rich in potash feldspar was re-
ported by him from the same claim. After that, tungsten ore was also discovered
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within the gold-copper-cobalt ore zone, and was worked later. As a matter of
regret, in spite of the many varieties of ore present, no one ore was of high grade
and the mine was compelled to adopt a complex method of refining. Responding
to the urgent demand for boron in the spring of 1944, the construction of a 100
ton per day dressing plant was being pushed by the Korean Mining Promotion
Company.

a. Location and communication

The Sangnong mine was located in the middle reaches of the Namdae-ch’6n
(River), which empties into the Japan Sea at Tanchi’én in the northern part of
Hamgyong-namdo. Arriving at Tanch’6n by the Kydng-wén and Hamgyong
lines from Kyongscong, change trains for Sangnong on the Tan-nong line, and
leaving the train at Sangnong, one could reach the mine office on foot, which was in
the village of Sangnong-ni about 1 km south of Sangnong station. The mine
entrance was found on the north bank of the Namsan-ch’6n, a branch of the Nam-
dae-ch’6n. The road between the station and the mine is level, with easy access.

b. Geology and ore deposit

Rocks in the mine area consist of mica schist, tourmaline-mica schist, tourmaline
schist, quartz schist and crystalline carbonate rocks which belong to the pre-
Cambrian crystalline schist system or Matenrei system. These formations strike
N 70° W and dip 70° S in general, and are intruded by schistose granite, pegmatite
and aplite. In this region, dikes of porphyrite, lamprophyre and basalt are also
found. The general aspect of the topography in hilly near the deposit, however,
along the Namsan-ch’6n a wide plain consisting of alluvial deposits and in some-
what higher places, older fluvial deposits are found. The gold-copper-cobalt
deposit consists of impregnation zones parallel to the schistosity of the crystalline
schists and fine veins running along the bedding plane of country rocks. These
were all discovered through tunnel prospecting. The impregnation and vein
zones are named the 1st vein (1.5 m wide and more than 50 m long), the 2nd vein
4 m wide and more than 130 m long) and the south vein (2 m wide and more than
20 m long). The 2nd vein, the principal impregnation zone, has been confirmed to
continue 180 m in a tunnel; however, judging from the result of other prospecting,
it can be assumed to run 500 m or more. Metallic minerals in the impregnation
zone consist chiefly of pyrite, chalcopyrite, Co-bearing 16llingite and Co-bearing
arsenopyrite, which are more or less accompanied by gold. Along the impregna-
tion zone, 2 or 3 bedded veins of varying thickness (between 2 and 20 c¢m) occur.
The veins consist chiefly of quartz, often with sulphides such as arsenopyrite,
chalcopyrite, pyrite and pyrrhotite which are quite concentrated in places. These
sulphides are replaced by copper-cobalt ore at times, and scheelite accompanies
them in rare occasions. The rock, which composes the main part of the impregna-
tion zone, is brown to dark-brown or black schist, which consists chiefly of tourma-
line and quartz and shows remarkable schistosity. The tourmaline-rich ore may
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be called tourmaline (tourmaline rock) and the tourmaline- poor ore may be
called tourma-line-bearing quartz schist.
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c. Tourmaline deposit
The tourmaline and tourmaline-quartz schist occur as the country rock of the
above deposit, chiefly in the vicinity of the sulphide impregnation. As they depart
from the sulphide impregnation zone, the rock changes to mica schist. The so-
called tourmaline schist consists mainly of quartz and tourmaline, and the tour-
maline content reaches 20-309, or 2-39%, B,Oj;. Occasionally the amount of
tourmaline present reaches 70-809%, or 89, B,Oy; this sort of rock can be regarded
as boron ore, however, the amount present is far less than that of the quartz-
rich ore. The tourmaline schist contains certain amounts of biotite, muscovite and
plagioclase. The tourmaline is deep bluish-brown, and very finely crystallized; it
is 0.1 mm in width and 0.2 mm in length in general, and the crystals are commonly
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arranged parallel is the direction of schistosity. Sometimes the tourmaline schist is
penctrated by finely folded veinlets consisting of quartz and feldspar.

The B,O; contents of the tourmaline schist was measured by K. NAKAMURA as
follows:

Table 3
(a)
Rich ore Tourmaline schist, especially the part
T concentrated in tourmaline 9.809,

Medium ore Tourmaline schist with feldspar-quartz

veinlets 2.75 - 4.069,
Poor ore Transitional part between tourmaline

schist and mica schist 0.56 — 1.929,

(b)
Ore grade Locality B,0O,
Richest ore Ist vein 9.809%,
Rich ore I 4.069,
Rich ore b 3.859%
Medium ore o b 2.949,
Medium ore vy as 2.75%,
Medium ore South vein 3:17%,
Medium ore = 5 2.25%,
Poor ore Ist vein 1.929;,
Poor ore Northern part of the south vein 1.409
Host rock Northern part of the south vein 0.569,
|

As the determination of B,O, content in the tourmaline schist was not carried
out by systematic sampling, and therefore no assay map was prepared, it is difficult
to estimate the average content. Judging from macroscopic observation as well as
microscopic observation of the mineral constituents of the tourmaline schist about
2.5 m wide along the south vein and neighboring pegmatite, and about 1.5 m
wide along the st vein, the average B,O, content of the rock totaling 4 m in
width is estimated at 39;.

General quality of ore: The tourmaline schist generally contains chalcopyrite,
arscnopyrite (cobalt-bearing) and scheelite and forms a complex ore. The esti-
mated contents of the rich part are as follows:

Gold, 5 g/t; Silver, 2 g/t; Copper, 0.8%; Cobalt, 0.29;; Tungsten, 0.3%;
tourmaline, 39.






