DESCRIPTION OF BESSHI COPPER MINE, IN JAPAN.

By R. J. FRECHEVILLE.

In the spring of 1875 I was instructed by the
Japanese Government, in whose service I at that
time was as a mining and metallurgical engineer, to
examine and report on the mineral resources of the
island of Shikoku, and have thought that a brief
description of one of the mines then visited by me
would not be devoid of interest to the members of
this Society.

As a prelude, however, it may not be out of place
to bring to your recollection the position of the
island of Shikoku, or, as it is written on our maps,
Sikok.

The archipelago called by us Japan, but by its
inhabitants Dai-Nippon, consists of 8,800 islands, of
which the four principal ones are Yesso, Hondo,
Kiusiu, and Shikoku. The latter, which has a
superficies about equal to that of Wales, lies to the
S.E. of the main island called Hondo, and is
separated from it by a narrow sheet of water known
as the inland sea.

The rocks of which Shikoku is composed are
amongst the most ancient to be found in the whole
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of the Mikado's empire, which, though old in story, is,
geologically speaking, a very young country.

The “Besshi Copper Mine,” which forms the
subject of the present sketch, is situated in the
north-western part of the island, some ten miles to
the south of the port of Nihama. The road con-
necting the mine with this place, for a distance of
four miles, is a tolerably fair one, and passes over a
flat country covered with fertile rice fields, and sup-
porting a numerous population; for the last six
miles it is only practicable for foot passengers; and
passing through gorges and over steep ascents, climbs
continuously until the summit of the mountain,
which is about 4,250 feet above sea level, is gained.

The formation of the district in which the Besshi
vein occurs consists of altered clay slates, such as
hornblende and mica schists, alternating with beds
of quartzite, the whole intersected by large masses of
greenstone and serpentine.

Dislocation, faulting, and intense metamorphism,
together with the absence of vegetation in the
neighbourhood of the mine, caused by the trees
having been cut down for the purpose of making
charcoal, and the fumes from the smelting furnaces
and roasting kilns, have combined to give an
especially rugged and precipitous character to the
topography of the region, the effect of which was
heightened by the green fields of waving rice in the
distance, and the blue waters of the inland sea
studded with islands.

The ¢ Besshi vein” crops out on the southern
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side of the mountain, a few hundred yards below its
summit; it occurs in mica-schist, this rock forming
both its foot and hanging wall. The course of the
vein coincides with the trend of the mountain range,
that is, about N.W. and S.E., and it dips to the N.E. at
an almost uniform angle of 50° from the horizontal.
Its thickness varies, as observed in the workings,
from 1 to 10 feet, the average being perhaps 5 feet.
The filling of the vein is for the most part a solid
compact mass of ore from wall to wall, consisting of
an intimate mixture of copper and iron pyrites,
varying in quality from a very low grade (such as to
render its mining and smelting unprofitable) up to
ore that yields over 23 per cent. of copper.

The mine has been in constant operation for nearly
200 years, so that the extent of the workings is
considerable. The deepest adit has been driven in
from the northern side of the mountain, and cuts the
vein at a vertical depth of about 70 fathoms below its
outcrop. All work and explorations at the time of
my visit were, however, being carried on from an
adit which has been driven in from the southern
side of the mountain, at about 10 fathoms shallower
level.

The deepest point attained by the workings was
about 120 fathoms perpendicular below the level of
the deep adit, the water being lifted to this height
solely by hand pumps, of which there were 150, each
pump consisting of a square wooden pipe, open at
top and bottom, from 11 to 12 feet long, and about
5" square inside, furnished with a clack valve, and a
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piston packed with leather, worked directly by the
hand.

The length that the vein was developed in' the
direction of its course was about 400 fathoms, the
ore varying much in quality, but no unproductive
ground has been encountered within this distance.

The ore ground made to the S.E., and the appear-
ance of the stopes in the bottom part of the mine,
were very promising—seven samples of ore, taken by
myself at different places, giving on assay an average
of 19 per cent. of copper.

The mine is worked by a series of underhand
stopes, following down and extracting only the
“richer shoots” and “ bunches of ore,” large bodies
of ore assaying from 1} to 3 per cent. of copper
being left standing. The travelling roads consist of
drifts or gulleries, sometimes going down with the
underlie, aud sometimes diagonally, with steps cut
into the foot wall of the lode, and in places rude
ladders formed by the trunk of a tree with notches
cut in it. The workings are closely packed ‘with
timber and attle. The ore undergoes a partial sorting
underground, and is then transported in straw bags
from all parts of the mine on the backs of men and
boys to surface, the load being from 50 to 80 lbs.
This is killing work, the roads being tortuous, narrow,
and small, and the ventilation fearfully bad. Single-
handed boring is in vogue, and gunpowder, which
came into use about twenty-five years ago, is the ex-
plosive employed ; vegetable oil, burnt in lamps made
from shells, is used for illuminating purposes. The
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heat underground was excessive; this was in great
part due to the decomposition of the iron and copper
pyrites of the lode, giving rise to the formation of
sulphates of iron and copper, crystals of which could
everywhere be seen coating the walls, and the attle
on the stulls. All the pools of water in the levels
were of a deep blue colour, owing to the presence of
sulphate of copper. At the adit level, where the
water flowed out of the mine, it contained so much
of this salt in solution that it instantaneously
coated with copper the blade of a knife dipped in it.
I advised the precipitation of the copper by means of
scrap iron, which process was at once adopted.

The ore having arrived at the surface, is carefully
picked over by hand, and about twenty tons per day
were being sent to the roasting kilns and smelting
furnaces, situated some little distance further down
the side of the mountain. In this transportation
every advantage is taken of the force of gravity;
cars, running on tramways with iron rails, convey
the ore to certain points, from which, by means of
“chutes” made of stout planks, about 18" square
section inside, supported sometimes on the side of-
the mountain, and sometimes on trestle work, and in
one case by the aid of a self-acting rope tramway,
carrying straw bags holding from 200 to 300 lbs., the
ore finally reaches its destination, and is charged into
kilns about five feet square and four feet deep, the
walls rudely built of stone lined with clay, where it
undergoes the process of roasting, the operation last-
ing from twenty to thirty days.
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From the kilns the roasted ore is taken to the
furnaces for running into matte, which consist of
shallow oval depressions in the ground lined with ‘a
mixture of clay and charcoal; their dimensions are
2’ long, by 1}’ wide, by 1’ 2" deep. These furnaces
are covered with a hood, which also serves as a
chimney, and the blast is supplied at the back through
clay tuyéres by means of a couple of blowing
machines worked by hand. The roasted ore and
charcoal are charged together, as also a little mica-
schist to serve for flux; the slag flows continuously,
and contains only a trace of copper. When the
furnace is full of matte, its surface is cleaned of slag
and charcoal, and then cooled by sprinkling cold
water on it, the resulting crusts of matte being re-
moved in discs by means of an iron bar.

The matte, samples of which assayed 547/ of copper,
is broken up and run into coarse copper in similar
furnaces, the only difference. being that the tuyéres
are more inclined, and that a clay cover is moulded
over the charge after it has been put in the hearth,
an opening being left in front just sufficient to see
and rake through. The metallic copper formed is
removed in discs in the same manner as described
for the matte, except that hot water is sprinkled over
its surface to cool it. The capacity of one of these
furnaces is about 4,200 lbs. of ore per day.

All the coarse copper produced is carried by coolies
to the refining works at Tatskawa, situated at the base
of the mountain on the road to Nihama.

The refining process consists in the fusion of the
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coarse copper, together with charcoal, under a highly
inclined blast in furnaces of the same sort, but a little
larger than those described before. The ‘ rosette ”
copper produced is broken in pieces and melted in
crucibles, with the addition of about ‘27, of lead.
A piece of oak charcoal is then inserted beneath the
surface of the molten metal. After the lapse of two
or three minutes this is withdrawn, and the contents
of the crucible are poured into moulds under hot
water. These moulds are made of wood, and have a
strong hempen cloth stretched over them. Great care
is taken to maintain the water at a uniform tempera-
ture. The resulting tiles, or plates of dry copper, are
9" long, 6" wide, and about §" thick. They have a
magnificent red colour, and in this state are sent to
market.

This copper commands a high price for electro-
telegraphic purposes, on account of its great purity.

The total consumption of charcoal amounts to about
709, of the weight of the ore.

At the time of my visit 44'64 tons of refined copper
per month were being produced by this mine, at a
total cost of £50 per ton, delivered in the open treaty
port of Kobe; and as I have previously stated that
about twenty tons of ore were being raised per day,
it will be seen that the produce was about 87/.



