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tion of the chlorides of magnesium and potassium.
100 parts of solution gave

Sulphate of Magnesia . . 401 parts = 128 ¥
Chloride of Magnesium . . 1943 , = 621 Y
Chloride of Potassium .,k . 224 , = 72Y%
Chloride of Sodium . . 661 ,, = 179 %
3129 1000

This was disappointing; for neither the salts of
magnesia nor even of potash were sought after, but
the chloride of sodium, or Rock-salt. There were
not wanting, however, scientific men who were able
to account for this large proportion of foreign salts
in the deeper parts of the bore-hole, without accept-
ing the general belief that the deposits at those
depths were fairly represented by the composition
of the saturated water from the bore-hole. It was
pointed out by them that on the assumption that the
magnesian and other salts occupied only the upper
strata of the deposits, the drainings from which would
naturally find their way into and mix with the water
in the bottom of the hole, the phenomenon would be
explained.

This idea was further strengthened by the bringing
up occasionally out of the bore-hole small pieces of
pure Rock-salt; and in December, 1851, and January,
1852, the Government commenced sinking an engine-
shaft and a winding-shaft, with the object of laying
open and working the Rock-salt.

Both shafts reached a depth of 835 metres (1098 ft.)
in five years, and sinking was suspended in pure
Rock-salt, the upper layers of which were met with
256 metres from surface.
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The shafts being completed, arrangements were at
once made for raising the Rock-salt, and in 1857 the
work of regular extraction commenced, and has gone
on uninterruptedly ever since, till the annual output
amounts to over 50,000 tons.

The Prussian Mine is situated near the boundary
of the Duchy of Anhalt; and seeing the success
attained by their neighbour, the Government of the
Duchy commenced boring for Rock-salt in 1857, and
by July of the following year, after boring through
no less than 168 metres of various salts, a depth of
314 metres had been reached. Boring was now sus-
pended, and the sinking of two shafts was commenced
at the village of Leopoldshall, 1168 metres from the
pioneer shafts of Stassfurt. The result was brilliant,
and the rich deposits of Leopoldshall have been
called “the gold springs of Anhalt.” The Potash
beds were struck at a depth of 150 metres, and the
pure Rock-salt at 195 metres; sinking was continued
in the latter 25 metres, making the total depth of
the shafts 220 metres.

The dip of the beds in Leopoldshall mine is about
44°, and in Stassfurt mine about 83°; the general
strike in both mines is about north-west and south-
east. ]

The following is a tabular view of the depths and
thicknesses of the various strata sunk through in the
Prussian and Anhalt shafts:
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Prussian Shaft. Anhalt Shaft.
Thickness,| %! |iThicknesn| Jo8
m. m, m. m.
a. Diluvium . . . 86 86 63 63
5. Variegated marls, roe-stone, and
limestoneof the Bunter S8andstein 180-7 | 1892 — —
¢. Gypsum und Anhydrite 603 | 2496 1170 123-3
d. Saliferous clay . 66| 2561 27-3 1506
e. Potash salts 496 306-7 440 194-6
f. Pure Rock-salt 28-8.| 8345 261 | 2197

Both these mines, it will have been observed, were
opened for the purpose of winning Rock-salt, it never
having occurred to the proprietors that beds rich in
Potash would be found, and that moreover they
would become by far the most valuable, as they
are now the most extensively worked, of the de-
posits.

Large heaps of the mixed salts, which could not
escape notice owing to their prevailing red colour,
had accumulated at surface from the sinking of the
shafts, and were variously designated bitter, varie-
gated, or rubbish salts (Abraumsalze), and supposed
to be valueless. Chemical analysis, however, led to
the important discovery that the red salts contained
a considerable percentage of chloride of potassium
(muriate of potash); that this formed one of the
constituents of a new mineral, to which the name
of Carnallite was given; and that in these beds over-
lying the pure Rock-salt there was apparently an
almost inexhaustible quantity of Potash, representing
immense wealth.

A careful and systematic chemical examination of
he whole series revealed the fact that the Potash
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salts were mainly confined to the upper strata, that
the intermediate layers contained Carnallite in less
proportion ‘mixed with salts of magnesia, lime, &c.,
and that the pure Rock-salt underlay the whole; and
led to the division of the Stassfurt series into four
groups or zones, which were designated by the names
of the most characteristic mineral of each group.
In descending order these are the Carnallite Group,
the Kieserite Group, the Polyhalite Group, and the
Anhydrite Group, a short description of which may
now follow, premising however that this division
into groups is purely arbitrary, and that there is
no natural division between them, but that the one
passes by insensible gradations into the other.

Taking, for convenience, the groups in ascending
order, we have first the

Anhydrite Group.—This is the lowest of the series, -
and consists of pure common salt, through which
horizontal galleries 330 metres in length have been
driven; and since the beds have a dip of about 30°,
the true thickness of the salt, as far as explored, is
165 metres, or 541 feet. Small parallel strings of
Anhydrite run through the salt (hence the name of
the group), without, however, affecting its purity to
any material extent. These are termed by the
miners ““ year's rings,” from a supposition that they
mark the original yearly amount of deposit.

The Rock-salt is generally clear and colourless,
crystalline, and splits into beautifully perfect and
transparent cubes. Its specific gravity is 2:20 to
2:16. The average composition of the group is
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about 95°5 per cent. chloride of sodium, and 45 per
cent. sulphate of lime.

- At the Anhalt mine—seldomer at the Prussian

mine—specimens of salt of a transparent blue colour

are sometimes found. This colour, which is ascribed

to enclosed carbonic acid gas, disappears when the

salt is strongly heated, or dissolved in water.

Specimens of a red colour have also been met
with.

Polyhalite Group.—Next in ascending order is the
Polyhalite group, so-called from the presence of the
mineral Polyhalite, a compound salt of the sulphates
of lime, magnesia, and potash, 2CaSO, . MgSO,.
K,S0,+2H;0. It is amorphous, of a light-gray
colour, and dull lustre. Its specific gravity is 2:72.
Like the Anhydrite, it occurs in strings, forming
divisional planes in the Rock-salt. The group,
whose thickness is about 31 metres, is composed of
91 per cent. Rock-salt, 6:6 per cent. Polyhalite, and
a little magnesic chloride, and Anhydrite.

Kieserite Group.—This group, which has a thick-
ness of about 28 metres, consists of some 65 parts
Rock-salt, 17 Kieserite, 18 Carnallite, 3 chloride of
magnesium, and 2 Anhydrite.

The mineral Kieserite, which lends its name to
the group, is a sulphate of magnesia, MgSO,+ H,0,
but differing from the ordinary sulphate (Epsomite,
Epsom-salt) in having 6 eq. of water less. Its colour
is chalk-white, sometimes yellow, and it is semi-
transparent to opaque. Its specific gravity is 2-52. It
readily absorbs water from the atmosphere, and passes
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slowly over into Epsom-salt. Kieserite is used to some
extent in the manufacture of sulphate of potash,
Epsom-salt, and various other purposes.

Carnallite Group.—This is the group par excellence
of the Stassfurt and Leopoldshall deposits. In the
Stassfurt mine its thickness is 21 metres (nearly 70
feet). It overlies all the other deposits, and surpasses
them all in intrinsic value. The average composition
of the group is, according to F. Bischof, Carnallite,
55 parts; common salt, 25; Kieserite, 16; chloride
of magnesium, 4. It is the Carnallite which is the
valuable part of the so-called Potash salts, as it is the
chloride of potassium which is the valuable portion
of the Carnallite. The composition of this mineral
is (KCl. MgCl,+6H,0):

Chloride of Potassium . . . . 2676 %

Chloride of Magnesiuom . . .. 3460

Water . . . . .. 8874Y
100-00

Its prevailing colour is red and reddish-brown, from
the presence, it is said, of a very small quantity of
iron; but sometimes it is of a pure clear white. The
writer has seen at Leopoldshall mine galleries some
30 feet wide being driven in a solid mass of beauti-
fully white crystalline Carnallite; whereas at Douglas-
hall mine (to be referred to presently), where immense
beds may be seen laid open for stoping, there is no
white Carnallite of consequence, the whole being of
a reddish colour. Its specific gravity is 1'62. It is
very deliquescent, and soon becomes soft on exposure
to the air.
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The Carnallite occurring mixed with other minerals,
it is not found practicable to raise it in a state of
purity; it comes to surface therefore, and is supplied
to the chemical factories, in a crude state, containing
on an average about 66 per cent. of the pure minersl,
which yields about 1734 per cent. of chloride of
potassium.

On being drawn to surface, the crude Carnallite is
discharged into railway trucks, and delivered direct
to the chemical works in the neighbourhood, at the
normal price of 8s. per ton for 60 per cent. Carnallite.

Neither the Prussian nor the Anhalt works have
any chemical factories of their own.

The rapid development of this new branch of in-
dustry will be seen from the following figures:

The systematic raising of Carnallite commenced at
the Stassfurt mine in 1860, in which year 279 tons
were raised; and at the Lecpoldshall mine in 1862,
when 215 tons were raised. In 1864 the quantities
had greatly increased, Stassfurt in that year raising
57,330 tons, and Leopoldshall 58,337 tons; and ten
years later, in 1874, Stassfurt sent to the factories
124,922 tons, while Leopoldshall delivered no less
than 301,419 tons.

In 1861 there was one chemical factory at Stassfurt
for treating the Carnallite, in 1874 there were 33.
Some 1100 workmen are employed in the mines, and
about 3000 at the chemical works.

In 1872 the following chemical products were
manufactured by these works from the produce of
the two mines:



of Stassfurt and Neighbourhood. v

60,000 tons chloride of potassium.

10,000 ,, sulphate of magnesia (Epsom-salt).
6,000 ,, » soda (Glauber’s salt).
5,000 ,, chloride of magnesium.

6,000 ,, potash manures.
1,250 ,, sulphate of potash.
1,250 ,, carbonate of potash.
100 ,, bathing salta.
35 , bromine compounds.
20 ,, boracic acid.

The following figures will show that much less im-
portance is attached to the production of Rock-salt
than of Carnallite:

Stassfart raised Leopoldshall raised
Rock-salt—tons. Rock-salt—tons,
In 18567 . . . . 12,362 . . -
,» 1861 . . . . 41,028 . . . 527
, 1864 . . . . 44,168 . .LN2
» 1874 . . . . 61,660 . . . 23233

In addition to the minerals above described, there
are various others of less importance found in con-
nection with the upper beds, as ¢.g. Kuainite, Sylvin
(KCL), and others, but the first-mentioned is the
only one calling for especial remark here.

Kainite (K,;SO, . MgSO, . MgCl,+ 6H,0) is an im-
portant mineral, found occasionally in Stassfurt,
but occurring as an extensive bed in Leopoldshall
mine, overlying, or rather overlapping, the upper or
Carnallite group. It was but little known till 1865,
since which time there have been many thousands of
tons (in 1871 a maximum quantity of 32,682 tons)
raised per annum. It owes its value to its large
percentage of sulphate of potash—36-34 per cent.;
which makes it very useful as a potash manure, for
which it is mainly used.
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The method of working these mines may now be
briefly described, and this paper concluded by a short
description of Douglashall mine—a mine in the
neighbourhood of Stassfurt, and worked exclusively
for Carnallite.

The Stassfurt mine is worked, as has been observed
above, by two shafts (a third, not so deep as the
others, serves to aid the ventilation), which are con-
nected by several cross-cuts. There are six working
levels. The ground is broken with the aid of blasting-
powder by overhand stoping.

Main levels or galleries 2 metres high are first
driven on the strike of the beds; cross-cuts of the
same height, and 25 metres wide in Rock-salt, and
9 metres wide in Carnallite, are next driven from
these at right angles. The cross-cuts are then stoped
away to a height of 8'5 metres, an arch or roof of
four metres being left between the stope or stall and
the level above.

Pillars are left between the stalls 18 metres wide
in Salt and 6 metres wide in Carnallite.

Holes for blasting are bored either by drill and
hammer or by the ‘ Elisabeth machine”"—a drill like
a carpenter’s screw-auger, working in an upright iron
frame, and turned by a winch-handle. A hole 2 ft.
deep is bored by this machine in a few minutes by
two men without stopping.

Winding is effected by two 150 H.P. engines; the
cages in the shaft are two-decked, each deck carrying
two wagons, whose capacity is about 14 cwt. The
cages are suspended by iron-wire ropes. A 80 H.P.
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engine is employed for sending the workmen up and
down the mine. The water is pumped out of the
mine by a 200 m.p. Cornish engine.

At Leopoldshall mine the two shafts are walled
and perfectly dry, so that no pumping-engine is
required.

Two 70-H.r. air-compressing engines throw air
into the mine for ventilation, and for driving boring-
machines and underground winding-engines.

The system of working is by pillar and stall, similar
to that followed at Stassfurt mine.

The minerals are trammed to shaft by horses (who
live entirely underground), and drawn to surface in
the same wagons, on two-decker cages, by three wind-
ing-engines of 140, 116, and 50 H.P. respectively.

The Elisabeth machine is used for boring, as also
a rock drill with screw borer like the other, but
driven by compressed air; this latter, which is a
modification of and an improvement on the simple
Elisabeth machine, is a very effective drill.

Douglashall Mine, the only other mine in the
neighbourhood in which Carnallite has been laid open
by shafts, is situated near the village of Westeregeln,
12 miles north-east of Stassfurt, and 14 miles from
Magdeburg.

The mine and chemical works in connection there-
with belong to a private company. The Carnallite
beds have been laid open by two shafts, 14} feet
diameter, 53 metres apart, and communicated by cross-
cuts. Sinking was commenced in 1871-2; the main
beds of Carnallite were met with in No. 1 shaft at a
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depth of 234 metres, and in No. 2 at a depth of 159
metres. Sinking was continued to a depth of 279
metres in solid Carnallite. The shafts, being walled
with brick and cement, are perfectly dry; no pumping
machinery is therefore required. The winding-engine
is of 150 H.p.; the cages, which are double-decked
and carry four trams at a time, are suspended by flat
wire-ropes. The workmen are lowered and raised in
these cages.

The beds, the stratification of which is very dis-
tinct, though not always running in straight lines
but often curved and flexured, are nearly vertical;
their thickness (as far as explored) is therefore repre-
sented by the length of the levels driven across their
plane of strike or direction, and is proved to be in
the two deepest levels—reckoning only the richer
and paying seams—about 180 feet.

The composition of the beds is chiefly Carnallite,
interstratified with thin seams of common salt
and Kieserite, with occasional nests of Boracite
(2Mg,B40,; . MgCl,=the composition also of the
mineral Stassfurtite).

These minerals occur for the most part in regular
and parallel, but sometimes, as has been mentioned,
in highly flexured and contorted bands ; the Rock-
salt, the most abundant of the impurities, occurring
in seams as much as 13 foot in thickness; and since
they present a variety of colours, from the red of the
predominating Carnallite to the dingy-white of the
Rock-salt, and the grayish-white or the yellow of the
Kieserite, the whole produces, when illuminated
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underground, a very fine and singular effect. Except
in small seams of a few inches in thickness, and
hence of no value, no common salt has hitherto been
found here.

The method of working is as follows: A main
cross-cut is driven from the shaft through the beds at
right angles to their bearing, main galleries are then
driven along the hanging and foot-wall sides of the
deposit on the strike ; these are carried 4 to 6 metres
wide, and 2 metres high, and form the permanent
roadways to the shaft.

From these galleries, cross-cuts 9 metres in width,
and 2 metres in height, which are to be the future
stopes or stalls, are now put out at regular intervals
along the whole length of ground laid open. The
ground being thus cut up into blocks or sections, and

- perfect ventilation effected, is now ready for stoping.
The mineral is stoped away from the backs of the
cross-cuts to a height of 14 metres (46 ft.), the broken
mineral being allowed to accumulate underfoot for
convenience of the miners. The stalls are thus 9
metres wide, 14 metres high, and often 40 metres
long, while the pillars left to support the roof are 7
metres wide. To give additional strength to the roof,
which is 7 metres in thickness, it is slightly arched.

The Carnallite is broken down by blasting (gun-
powder, but no dynamite is used), the holes being
bored by the ordinary drill and hammer. No timber
whatever is used for propping or staging.

The system of working adopted renders available
about 45 per cent. of the mineral.

-
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Operations are confined to the 6th (250 metres)
and 7th (271 metres) levels. In the 6th level, a
length of 818 metres (1026 ft.) has been opened in
one continuous run of good Carnallite, having an
average thickness of 48 metres (157 feet).

In the 7th level, 218 metres (698 ft.) have been
driven on the strike of the beds and in rich Carnall-
ite, the mean thickness being about 63 metres
(?06 ft.), and the forebreast of each of the levels
is still (February, 1878,) in solid Carnallite, which
shows no signs of falling off in value.

There were at the time of the writer's visit, it was
calculated, no less than 900,000 tons of Carnallite
laid open in the two deepest levels, yielding from
15 to 18 per cent. of chloride of potassium, and
taking into account the width and height of the beds
now being worked, every metre advanced in the
direction of the strike of the deposit would lay open
1500 tons of Carnallite.

This mine is in its infancy, and with the mines of
Stassfurt and Leopoldshall, will doubtless continue
for a long period to yield immense quantities of
Carnallite, which in its turn will supply to the arts
and manufactures large quantities of valuable potash
salts, as well as the less important but increasingly
useful magnesian and other compounds.



