APPENDIX.
No. 3.

On the electric currents observed in rocks and veins.

In the year 1830, the existence of electric currents
was discovered in the metallic portions of several
copper and lead lodes in Cornwall, by Robert Were
Fox, Esq.;' and he has since succeeded in imparting
magnetism to an iron bar by their agency’ He
failed, however, to detect their presence, either in
tin Jodes’—in the earthy ingredients of any other
lodes'—or in the rocks which they traverse.

In the same year, he discovered electric currents
in the lead veins of Lagylass and Frongoch, in the
clay-slate of Cardiganshire; but failed, in similar
trials, at South Mold and Milwr,—lead mines which
are worked in the limestone of Flintshire.

In 1833, Capt. Bennetts obtained similar results
in the copper veins at Wheal Vyvyan ;° and, in 1841,
Messrs. Hunt and Phillips were equally successful
in experimenting on the copper lode at East Pool,

1 Phil Trans. (1830), p. 399. 3 Report of Royal Com. Pol, Soc. (1841), p. 164.
8 Phil. Trans. (1830), p. 411, fig. 11. 4 Ibid, p. 400.
6 Comn, Geo. Trans., iv. p. 21. 6 Lond. & Edin. Phil. Mag,, iii. (1888), p. 17.
7 Report of the Royal Corn. Polytech. 8oc, (1841), p. 159.
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where they also seem to have had a slight precipi-
tation of copper on the platinum wires which trans-
mitted the electricity of the Jode to a solution of the
sulphate of copper placed in the circuit.!

In 1836-7, Mr. R. W. Fox instituted similar ex-
periments on the lead veins of Coldberry and Skeers,
in Middleton Teasdale, Durham ;* and, whilst he
obtained but equivocal results in the former, in the
latter the electric currents were very feeble.

At the request of the British Association, in 1838,
Mr. Pattison investigated the electrical conditions
of the mountain-limestone and sandstone of Alston-
moor ;> but in one instance the result was somewhat
equivocal, and in another there was no indication of
the presence of electricity.

In 1833, Mr. Petherick detected electric currents
in the copper lode of Connorree, which traverses the
clay-slate of Wicklow, in Ireland.*

In the same year, M. Von Strombeck instituted
similar experiments on the veins worked in clay-slate
and grauwacke-slate, near Saint Goar, on the Rhine;
and which yield galena with a sprinkling of copper-
pyrites, in one case; and, in another, grey copper
ore (fahlerz), blende, galena, and the carbonate and
phosphate of lead. In neither of them, however,
could he discover a trace of electricity.’

1 Report of the Royal Cornwall Polytechnic Society (1841), p. 163.
2 Reports of the Brit. Assoc., vi. (1888), p. 133. 3 Ibid (1839), pp. 25-26.
4 London and Edin. Phil. Mag., iii. (1833), p. 16.
8 Archiv fur Mineralogie, Geognosie, Bergbau und Hiittenkunde; von Dr.
C. J. B, Karsten, vi, (1883), p. 431 : M. Boué, Bulletin de la Société Geol.
de France, v. (1834), p. 63. ’
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In 1839, Professor Reich conducted a very exten-
sive series of experiments on the N. and S. vein of
Frisch Gliick, which chiefly yields galena, but also
some blende, and iron and arsenical pyrites ;—on the
Neu Hoffnung vein, which bears about S.E. and
N.W,, and is composed of sulphate of barytes, fluor,
and a little galena, but where this is crossed by other
veins, it is rich in red and vitreous silver ores, and
contains also iron pyrites;—in Gotlob E. and W.
vein, which yields galena;—and in Ludwig N. and
S. vein, which affords carbonate of .iron: all these
veins occur in the Himmelfahrt mine, which is
worked in gneiss, near Freyberg, in Saxony.! His
admirable investigations not only indicated the ex-
istence of electric currents in all these veins, and in
their different metallic ingredients, but also, for the
first time, showed similar results when masses of the
different ores were connected (through the medium
of the galvanometer) with the earthy ingredients of
the veins, and also with the rock which they traverse.
Professor Reich does not, however, seem to have
ascertained whether or not two non-metallic masses,
when thus connected, exhibit electric action.

The experiments described in the following pages
were commenced in 1830,—shortly after the first
announcement of Mr. R. W. Fox’s discovery, and
the last of them was made in 1840. They extend
to every mining district within the Duchy of Corn-
wall, except those of Helston and Saint Austell.

1 Edin, New Phil, Journal, xxviii. (1889), p. 1: Reports of the British
Association (1889), p. 84. .
3q*2
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In all cases the mode of experiment was much the
same. Plates of common sheet copper were closely
pressed on those points of which the electric state
was the object of investigation, and supported by
props of wood : the plates were connected with the
galvanometer by means of copper wires 1-20th (-05)
of an inch in diameter,' which were also protected
from the influence of contact with any other exciting
substances by supports of wood.

The galvanometer employed in my earlier experi-
ments was kindly presented to me by Mr. R.W. Fox;
and, like his own,’ was contained in a box made of
sheet copper. The needle was a thin bar about 3%
inches long, and 3-16ths of an inch wide: it was
supported on a point, and its directive power was
not neutralized: it was surrounded by 55 coils of
copper wire of about 1-50th of an inch in diameter.
I have since used a far more delicate galvanometer
which was made by Messrs. Watkins and Hill: its
needle is astatic, and is suspended by a filament of
silk ; the coils of wire are also much more numerous.

But it is necessary to ascertain whether the direc-
tions, quantities, and intensities of these electric
currents depend on the directions, inclinations, or
ingredients of the lodes ;—on the unequal tempera-
tures of different parts of them ;—on the distances
of the stations from each other ;—whether the points
compared be at similar or different depths ;—and,
lastly, whether there is any marked distinction

1 1n many of my experiments the wires employed were the same which had
been used by Mr. R. W. Fox. $ Phil. Trans. (1880), p. $99.
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between the electricity observed in the metallic or
earthy portions of the lodes, or in the rocks which
they traverse, before we can apply our knowledge of
their existence to any practical purpose, or assign
their office in the economy of Nature.

In Table 1., I have so arranged all these particu-
lars of my own experiments, made with plates of
copper only, that the influence of any of them on
the observed results may become apparent.

(A.) Ezxperiments with plates and wires of similar
metals.—

The directions, dips, and ingredients of the lodes,
and also the temperatures and distances of the
stations, seem to be circumstances on which the
directions and quaontities of the electricity may,
perhaps, depend.

(1.) Table 1. contains the details of twenty-six
experiments made on the currents, horizontally, tra-
versing sixteen lodes.

Lodes bearing N, of W, Deftection.
Currents from E. to W. .. 4, or 154 §f’cent. .. 90°.!
» W.toE. .. 56,,, 182 ,, .o 40°,
Lodes bearing E, and W.
»» E.toW. .. 2,0r 77 ,, .. 81°
Lodes bening 8,0f W,
”» E.toW. .. 5,0r192 ,, .. 87°.
” W.tE. .. 10,,, 3886 ,, . 79°

In these observatlons, therefore, the propomons
were 15, or 57'7 per cent., in which the currents
flowed from W.to E,, and 11, or 423 per cent., in
which they were from E. to W.

3 These results were obtained with Messrs. Watkins and Hill’s galvanome-
ter; and are, therefore, scarcely comparable with the others,
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(1.) Sixteen observations have been made on the
vertical currents; in 9, or 56'3 per cent., they had a
downward direction, and in 7, or 43-7 per cent., an
upward one.

Ledes bearing N. of W. Deflection.

Currents upward .. 2, or 125 {f cent. . 43°.

” downward .. 1,, 62 .. 10°
Ledes bearing 8. of W,

»» upward .. b,0r313 , .. 76°.

’» downward .. 8, ,, 5000 ,, .. T2°.

" (IL) Twenty-six observations were made on the
directions of electric currents flowing horizontally :
viz,—17 in lodes dipping towards points on the
northern side of an E. and W. line, and 9 in those
having an opposite dip.!

Lodes dipping N. Deflection.
Currents from E.to W. .. 10, or 38:4 ¢’ cent. .. 62°.
» W.oE. .. 7,, 270 , .. 62°
Lodes dipping S.
»» E.toW. . 1l,0r 38 ,, .. 90°8
» W.toE. .. 8,,,308 .. 68°

(1.) In Sixteen experiments on vertical currents,
an equal number of the lodes had opposite dips.

1 Mr.R. W, Fox (Phil. Trans., 1830, and Royal Corn. Pol. Soc. Report, 1841,
P- 168), Capt. Bennetts, (Lond. and Edin. Phil. Mag. iii., p. 17), and Messrs.
Hunt and Phillips (Royal Corn. Polytech. Soc. Report, 1841, p. 159), record
forty-three experiments on electric currents flowing horizontally through Cornish
lodes. The relations between their directions and the inclinations of the lodes
were as follow :—

ZLodes dipping N. Lodes dipping 8.
Currents from E.to W. .. 8,0r18:6 ¢ cent. .. 10,0r 23-3 ¢f ceat.
” W.LE. .. 1,, 28 » . 24,, 859

8 This experiment was made with Messrs. Watkins and Hill’s galvanometer.

$ Mr. R. W. Fox and Capt. Bennetts have made twenty-nine experiments on
the directions of vertical currents, with the following results :—
Lodes dipping N. Lodes dipping S.
Currents upward . —_ 8, or 103 {f cent.
” downward .. 6, or 20°7 ¢ cent, .. 20,,, 69°0 ,,



TABLE 1,
B Directions, dips, and composition of the Jodes 5 temperatures and distances of the points examined ; directions of the electric currents ; and situations of the (probably) richest parts of the lodes.
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Lodes dipping N. Deflection.
Currents upward .. 5,0r3124f cent. .. 53-.
»s downward .. 8, ,,188 .o 76°.
Lodes dipping 8.
’ upward e 2,0r12'6 ,, .. B80°
»» downward .. 6,,,376 ,, .. 60°

(2.) In three mines only have I been able to con-
nect two lodes at similar levels: in these I have

‘made five experiments, in every one of which the
- currents passed from the northern to the southern
. point ;—the mean deflection of the galvanometer
. needle was 80°.!

(8.) I have connected points in parallel lodes at

- different levels in but three mines; and on these I

have made six experiments: in one case (16'6 per
cent.) the current was ascending, but in the other

five (834 per cent.) they descended.?

(ITL) Mr. R. W. Fox has described the ores on
which his experiments at Wheal Jewel were made,’
and he has also noticed the ingredients of the lodes
at Pennance ;* Capt. Bennetts has likewise given a
general notice of the composition of the lode at
Wheal Vyvyan :® but the probability that the direc-
tions and quantities of the electricity in Jodes may
be affected by any other differences in their mineral

1 Mr. R, W. Fox particularizes four experiments in which he compared the
electricity of parallel lodes: in two of them the currents flowed from N. to 8.,
and in the others in the opposite direction,

2 Mr. R. W. Fox records four mines, in which he institated eight compari-
sons between the electric conditions of points, at different depths, in parallel
lodes: in four of them the currents ascended, whilst in the others they descended.

8 Reports of the British Association (18384), p. 572.
4 Report of the Royal Cornwall Polytechnic Society (1841), p. 168.
6 London and Edin. Phil, Mag., iii. (1838), p. 17.



452 W. J. Hexwoob, on the electricity

composition, than the presence of a larger or smaller
quantity of ore, seems not to have been considered.

These particulars, have, however, been thought of
much importance by the German observers; for
M. Von Strombeck and Professor Reich have de-
scribed all the chief ingredients of those parts of the
lodes on which they experimented.

Since, in all Mr. R. W. Fox’s experiments, as well
as in a great number of my own, the apparatus em-
ployed by us was not sufficiently delicate to detect
the existence of currents in the rocks and earthy
constituents of the lodes, it is evidently useless to
attempt to discover, in the results so obtained, dif-
ferences in the directions and quantities of electricity
in lodes which differ only in their earthy minerals. I
have, accordingly, made comparisons only between
lodes which present well marked and unmistakable
differences in their metallic portions.

(1) In fourteen instances I have connected those
points in the same lodes which had similar mineral
characters, and which were separated neither by
cross-veins nor any unproductive parts of the lodes.

The results are given in the following columns;
and, in cases where the points connected were neither
in the same vertical nor horizontal planes, I have
stated the direction of the current in reference to

both. :
Lodes dipping N, Deftaction.
Caurrents from E. to W. .. 5, or 333 §f’ cent. .. 51°.
» W.toE. .. 2, ,, 138 ,, .o 48°,
s, downward ...... 1, 67 .o 90s,
No electric action ...... s, , 200 ,, e =
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Lodes dipping S. Deflection.
Currents from W.to E. .. 2, or 13:3 ¢/’ cent, .. 90°.
,» downward ...... 1, 67 .. 90°,
No electric action ...... L, 67 .,

(2.) In like manner I have, in thirteen instances,
connected portions of the same lodes containing dif-
ferent metallic minerals; but in only a single instance
was the difference very great. Here, also, when the
points connected were not in either the same vertical
or horizontal plane, I have mentioned the direction
of the current with regard to both these planes.

Lodes dipping N. Deflection.
Currents from E. to W. .. 3,or 143 ¢’ cent. .. 81°.
" W.toE. .. 1,, 47 , .. 40°%
»» downward .. 1,,, 47 ,, .. 629
»» upward .. L,,, 47 ,, .. 40°,
Lodes dipping S.
»» E.toW. ., 8,0r14'8 ,, .. 89°,
» W.toE. .. 5,,,240 , .. 60°
* downward .. 4, ,,19°0 ,, .. 82°,
» upward .. 3, ,,14'3 ,, .. 89°.

I must remark that, in every experiment in which
the ores were different at the points examined, I
have found traces of electricity.

(3.) In six cases I have compared points in dif-
ferent lodes composed of dissimilar ingredients. In
five of them one lode dipped N. and the other S.:
and, in every instance, the currents flowed from the
former towards the latter; and from W.to S.E. In
two the points of comparison were at equal depths;
but in the other three, and also in the sixth example,
they were at different depths :—in all, however, the
currents flowed downward; the deflection of the
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galvanometer, in the horizontal currents, averaging
80°, and in the vertical ones, 73°.

We have thus nineteen instances of electric cur-
rents existing between points of different mineral
composition : their directions are, in—

7, or 37-5 ¢f’ cent., from copper pyrites, towards blende.!
,, 52 from copper pyrites and galena, towards the

same substances mixed with blende.
,, 52 , from copper pyrites, towards copper and iron

pyrites, galena, and blende.

1, 62 ,  from copper pyrites and vitreous copper ore,
towards copper pyrites and galena.

,,, 652 , from black copper ore, towards black copper
ore, copper pyrites, and galena.

,, 602 , from iron pyrites with a little black copper ore,
towards black copper ore and iron pyrites.

,, 62 ., from iron and copper pyrites, towards copper
and iron pyrites.

,, &2 ., from oxide of tin and iron pyrites, towards
oxide of tin.

2, 106 from vitreous copper ore, towsrds the same
substance mixed with oxide of tin.

,, 62 from oxide of tin and vitreous copper ore,
towards vitreous copper ore.

,, 52 ., from black copper ore, galena, and copper py-
rites, towards black copper ore.

1,, 52 from blende, towards copper pyrites.

(IV.) Intimately connected with the last subject,
but one of far greater practical importance, is the
enquiry whether the direction or quantity of elec-
tricity has any relation to the positions of the largest
masses of ore’ We have twenty-five experiments

1 Professor Reich also found the currents, in several instances, iowing to-
wards the blende, during his experiments in the mine Himmelfahrt.
Edin. New Phil. Journal, xxviii. (1839), p. 1.

9 Mr. R. W, Fox, Phil. Trans. (1880), p. 400.
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on lodes, of which the richest parts are known with
tolerable certainty : the following is a statement of
the directions and quantities of the electricity ob-
served in them:’—

Lodes dipping N. Deflsction.
Currents towards the richest part .. 8, or 22'2 ¢’ cent, ., 49°,
, from » .. 8,22 , .. 620,
» upward ....cc.ce0ee..40rlll vo 880,
,s downward .......0.000 4, , 111, .. 76°.
Lodes dipping 8.
,»  towards the richest part .. 4,0r 111 ,, .. 629,
» from » .3, 83 .. 80°
., downward ............5,,140 .. 70°.

(V.) It has been shown in the foregoing pages®
that the dip of the lodes, and the position (shoots)
of the ores they contain, have reference to the situ-
ation of granitic rocks in their vicinity; and, also,
that at equal depths, the temperature of the granite
is lower than that of the slate® It becomes, there-
fore, an object of much interest to ascertain whether
the directions and quantities of the electricity circu-
lating through the lodes may have any relation to

1% By connecting a galena point of Frisch Gliick with non-metalliferous
¢¢ heavy-spar in Nex Hoffnung (we obtained) a deviation of 10°; the Berg-
¢ meister, Mr, Fischer, ordered this point to be worked out, and at 0:8m.
¢ (about 5 inches) distance, dark and light red silver ores, and silver-glance,
¢ were found, which otherwise should never have been won.

¢ A result so favourable seemed naturally to demand a further research into
“ the matter ; still it cannot be denied that several other facts very much de-
“ creased the hope of the probability of an application of this means for the
¢ discovery of hidden ores. For example, on the 4th drift, a galena point in
% Frisck Gliick was connected with non-metalliferous heavy spar in the sole of
¢ Nex Hoffnung, beneath which at 8 metres’ (about 26 feet) distance, the exist-
¢ ence of rich silver ores was known of, without auy trace of an action being
¢ obtained, although in the vicinity upon iron pyrites, in a cross vein of quartz,
¢ 20° deviation was obtained. The distance of the ore must, then, be very
¢ short, in order to have any indication of it by a current.”

Pror. Reicn, Edin, New Phil, Joxrnal, xxviii. (18389), p, 11.

$ Ante, pp. 198-245. 8 Ante, p. 408.
3q**2
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the granitic rocks in their respective neighbourhoods.

The following columns indicate the directions and
quantities of the electricity flowing from one to the
other, when the points connected are situated in the
same Jodes.

Ledes dipping N. Defection.
Currents towards granite .. 5,0r15'1 ¢’ cent. .. 62°.
» from ,y .. 10,,,808 , .. 58°
» upwad ........ 8,,, 1 .. 42°,
yy downward ...... s, o1 .. 76°
Ledes dipping S.
»»  towards grenite .. 7,0r21'3 ,, .. 64°,
»s downward ...... 5, ,, 161 ,, .. 54°,

There are, however, many lodes which run nearly
parallel to the strike of the granitic ranges: no rela-
tions have been discovered between the directions
of the electric currents in these and the positions of
the granite near them.

(1.) We have eleven examples of parallel lodes,
united under circumstances which admit of our ex-
amining whether the electric currents passing be-
tween them flow towards or from the nearest granitic
masses.

In five instances the currents tended towards, and -
and in six from, the granite; whilst, in all of them,
with but a single exception, they were descending.

(VL) It is well known that the temperature of
the earth increases as we descend ; and, also, that
inequalities of temperature often give birth to elec-
tric currents. It may, therefore, not be without
interest to ascertain the directions of the currents
in those portions of the lodes which have been ob-
served to possess different temperatures.
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I have made fourteen experiments on portions of
the same Jlodes, in which inequalities of temperature
were observed. The directions and quantities of
the electricity were,'—

Direction of current, Defection.
From colder towards warmer point, 10, or 71°4 ¢f’ cent. .. 80°.
,» warmer towards colder ,, 4, ,,286 ,, .. 63°,

In three of the four instances in which the cur-
rents flow towards the colder points, the latter
occupied the deeper situation ; in consequence, pro-
bably, of imperfect ventilation, which reversed the
natural order of subterranean temperature.

(1.) I have examined the electric currents, between
points of unequal temperatures, in different lodes, in’
seven instances.’

In 4, or 57°1 ¢f’ cent., they have been from the warmer towards
the colder point.
» 3, 5,420 » from the colder towards
the warmer point.
Here, also, the temperatures of the upper stations
exceeded those of the lower ones in three of the four
cases in which the currents flowed towards the colder
points.
The quantities of electnclty seemed much the
same in both instances.
We have, therefore, in the whole, thirty-three ex-
periments on points at different temperatures; and

1 Mr, R. W, Fox records eleven experiments in which the unequal tempera-
tares of connected portions of the same lodes were observed.

In 9, or 81'8 ¢ cent., the currents flowed towards the warmer point; and

» 8,188 colder.

In one of the latter the lower tempenture prevailed at the deeper point.

¢ Mr. R. W, Fox has recorded only one instance of this kind, and in this the
current flowed towards the colder point,—which was also the deeper one.
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in 23, or 66'7 per cent., the currents have been to-
wards the warmer, and in 11, or 333 per cent,
towards the colder, points.

But, if we regard the natural distribution of
subterranean temperature, and suppose the upper
stations to have possessed the more elevated tem-
perature accidentally, and merely in consequence
of imperfect ventilation, we shall have the propor-
tion of —

30, or 91 ¢f’ cent., currents towards the warmer points, and

3,9 , towards the colder.!

(VIL.) The only remaining question is, whether
the quantities of electricity are influenced by the
distances between the spots connected.

The following is a comparison of the deflections
of the galvanometer when the stations are less than
ten fathoms apart, and when they are more than that
distance from each other.

Lodes dipping N. Leodes dipping 8.
Distance of palnts Distanc of poluts

Vertial. ™ Detution. Deftaction.
Otol10 .. mean, 4 ..... 61-° .... 6 .... 63°
10 and beyond, ,, — ..... — .. 16 ... 76°
Horisontal.

Oto10 .. »w 6 0. 22° ... 6 ... T6°
10 and beyond, ,, 48 ..... 65° .... 64 .... T2°
In the former case the mean dist. is 5 fms., and aver. deflection 55°,
» lm ” 41 ” ” 710‘

1 Professor Reich found that, by artificially heating one point, he sometimes
obtained a current where none bad been previously detected ; he also, in some
cases, increased the deflection of the galvanometer by warming one of the me-
tallic plates in contact with the ore, and diminished it by warming the other.
Often, however, he found but small differences in the deflection, even when
those in the temperature were very great.

Edis. New Phil. Journal, xxviii. (1889), pp. 6-8.



of rocks and veins. 459

In an attempt to effect chemical decomposition
by passing the electricity from the Caunter lode at
East Wheal Crofty over paper moistened with a
concentrated solution of the iodide of potassium,'
the result was indecisive. Mr. Hunt, also, says®
that his experiment on the decomposition of the
sulphate of copper afforded but a slight deposit of
the metal. We therefore, at present, possess no
sufficient means of estimating the snfensity of the
electric currents in lodes ; the trifling effects noticed
by Mr. Hunt and myself seem, however, to intimate
that the intensity is not very great.

(B.) In every case in which I used Messrs. Wat-
kins and Hill's galvanometer, I detected the presence
of electricity. In the rocks, however, it was far less
abundant than in the lodes. Nevertheless, whilst a
single metal was the medium of communication, its
direction was the same in both ;—with a single ex-
ception, in which, contrary to the general direction
of the currents, it flowed from the warmer towards
the colder station.

(C.) The directions and quantities of electricity
observed in rocks and veins, when plates of different
metals are employed.—

Soon after the announcement of Mr. R. W. Fox’s
discovery of electric currents in the metallic portions
of certain lodes, Mr. Christie remarked® that some

1 Dr, Faraday, Experimental researches in electricily, viil. series, p. 293 of the
reprinted volume. The current from a pair of zinc and copper plates, less than
an inch square, immersed in a very dilute solution of common salt, afforded
almost an instantaneous result,

8 Report of the Royal Comwall Polytechnic Society (1841), p. 168,

3 Reports of the British Association (1833), p. 118.
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of the results might be due to the electric properties
of the apparatus employed ; an objection which has
also occurred to M. Becquerel! Mr. Taylor sug-
gested® that the currents were produced by chemical
changes induced by atmospheric influences on the
ores; and M. Von Strombeck seems to have enter-
tained a somewhat similar opinion.

In order to obviate these objections, Mr. R. W.
Fox instituted a series of experiments on the copper
lode at Wheal Jewel, in which he effected the com-
munication between the lode and the galvanometer,
sometimes with copper, sometimes with zinc plates,
and occasionally with one of each. His results
were the same, whether the plates were of similar or
of different metals.*

Professor Reich has also sometimes used only
plates of copper, but occasionally he substituted a
plate of zinc for one of them. He found that
although, when a metallic point was connected with
a non-metallic one, the application of copper plates
sometimes failed to indicate the existence of elec-
tricity, yet, when one of them was replaced by a
sinc plate, its presence was unequivocally manifested.’

The following tables (1x. and in.) contain the re-
sults of experiments on the Longclose caunter lode,
at Kast Wheal Crofty, and on the Soxth branch at
Rosewall Hili. They were made on the various
metallic and earthy ingredients of the lodes, and on

1 Traité de Plectricité, v. p. 171; and Anmals of Electricity, i p. 461,
3 Reports of the British Association (1838), p. 18,

8 Archiv fiir Mineralogie, vi. p, 487. 4 Reportsof Brit. Assoc. (1884), p. 573.
6 Edin, New Phil. Journal xxviii. (1839), p. 10.
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the rocks near them: in some cases two plates of
copper, in others two of zinc, and occasionally one
plate of each, were used ;—the positions, also, of the
plates were at times reversed.!

Columns 2 and 4 of the following tables (1. and
1) denote the localities particularized by the same
letters in column 4 of Table 1.; and the letters ¢ and
%, in columns 3 and 5, point out whether a copper or
a sinc plate was applied : the sixth column indicates
the directions of the currents, and the last the
amount of their action on the galvanometer.

The mineral compositions of all the points sub-
jected to trial are particularized in Table 1.

1 The metallic plates used in these experiments were about 6 inches long and
8} inches wide,

VOL. V. X
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TABLE 1L

Experiments on the electricity of the Cannter lode, and of the rocks, at
Longclose (East Wheal Crofty ).

Bouth |Esstern] North [Western| Direction of
station.| piste. current. Defigciion.

]
}

1| @ € L ¢ |S.E,to N.W, | Needle revolved.
8 & ¢ s € ” ”
3| ¢ ¢ s ¢ 2 ”
4| e 3 s ] ” »
5| & 2 s ¢ »” Needle revolved rapidly.
6l ¢ s ¢ » »
7| & ¢ y ¢ » Needle revolved slowly.
8| & s y z » Neeodle revolved.
9| z z z » Needle revolved rapidly.
10| « s ] z »
11| a ¢ z z » Needle revolved slowly.
13| ¢ g s z ” Neeodie revalved rapidly.
18| € 3 z »
4| B ¢ s z ” Nosdle doficeted 10°.
15| B s 3 z » Needle revolved slowly.
16| B ¢ € ¢ » Neadis defiested 10°.
17| B s z ¢ » Needle revolved slowly.
18 B s A ¢ »
9| B ] A . » Needle M 10°.
20| B ¢ A z » 5°.
21| B z A z » Needle Tevolved very slowly.
% C ¢ B ¢ |N.W.to8.E, | Neodle deflected 3°
38| C z B ¢ |S.E.toN.W, 80°.
4| C s B z | N.W.t0S.E. | Needle revolved.
25| C ¢ B z » Needle deflected 60°,
TABLE III.
Experinentson the electricity of the south dranch, and of the rocks, at
Rosewall Hill.
North | Eastern] S8outh |Western| Direction of
No.| station.| plate. |station.| plate. current. Deflection.
1] & ¢ a ¢ |N.E.to8.W.| Needle revolved.
2] b z a ¢ ” Needle revolved rapidly.
8| b z a z ” Needle deflected 30°.
4 B ¢ a z |8.W,to N.E, | Needle revolved.
5| b ¢ ¢ s | N.E.to8,.W.| Needle deflected 30°.
e & ¢ ¢ ¢ ”» Needle revolved slowly.
7] b z ¢ ¢ ” Needle revolved rap
8] & z ¢ ] ”» Needle deflected 80°.
9 ¢ z a ] ” » 40°,
10( ¢ z a ¢ » ” 589,
1| ¢ ] a ¢ ” ” 1°,
18| ¢ ¢ d ¢ » ” 20,
18| ¢ z d ¢ » ” 50°,
M| ¢ z d s |S.W.toN.E. s 120°,
15| ¢ ] d ] ” ”» 55°,
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(1) At East Wheal Crofty, whether the plates
were of copper or zinc,—of similar or of different
metals,—and whether the portions of the lode which
were connected were earthy or metallic, the direc-
tions of the currents were the same ;—from S.E. to
N.W. The quantity of electricity seemed to be
greater when zinc (8, 9, 10, 12) than when copper
plates were employed (1, 2, 3, 7). It also appeared
greater when the plates were so arranged that any
voltaic current they might have prodaced would
have had the same directions as the natural electric
currents (4, 5, 6), than when opposed (11, 18).

(1.) At Rosewall Hill the directions of the cur-
rents were the same (from N.E. to S.W.), whether
both plates were of copper (1), or of zinc (3); and,
also, when the zine plate was on the north-eastern,
and the copper on the south-western, station (2).
When, however, the positions of these plates of dis-
similar metals were reversed, so that any voltaic
action between them would flow in an opposite
direction to the electricity in the lode, the direction
of the current through the galvanometer was also
reversed (4). Here, however, the quantity of elec-
tricity seemed larger when plates of copper (1), than
when plates of zinc (8), were employed.

(IL) When metallic points were connected with
non-metallic ones, at East Wheal Crofiy, the direction
of the electricity was still from S.E. to N.W., al-
though the plates or their arrangements might be
changed; but it always flowed towards the non-
metallic points. When both plates were of copper

: 3q¥* 2
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(16), the deflection of the needle was 10°; whilst it
slowly revolved when both were of zinc (15). Again,
when the north-west plate on the lode was of zinc,
and the south-east one on the rock was of copper
(14), the deflection was 10°; but, when the positions
of the plates were reversed, the needle slowly re-
volved (17).!

(1) At Rosewall Hill, also, when the rock and
lode were connected, no alteration in the nature or
position of the plates caused any difference in the
direction of the electricity, which was from N.E. to
S.W. When both plates were of copper, the action
was in one case (11) but just perceptible, but in
another (6) the needle slowly revolved : on the other
hand, when both plates were of zinc, the deflection
was in one case (8) 80°, and in another (9) 40°.
The difference was again in favor of the zinc plates,
but less remarkably so than at East Wheal Crofty.

In two cases the north-eastern plates were of
zinc and the south-western of copper; in one (7)
the needle revolved rapidly, in the other (10) it was
deflected 58°: on reversing the plates, in another
experiment (5), the needle was deflected 20°.

In seven experiments thus made, the currents
were in four towards, and in three from, the non-
metallic point.*

1 ¢ When we choose a non-metallic point, it is no longer indifferent what be
¢ the nature of the discs applied; fur in cases where copper gave no action, a
¢ ginc plate established a current.”
Pror. Reicl, Edin. New Phil. Journal, xxviii. (1839), p. 10.
$ Professor Reich found that, in eleven experiments, ¢ the direction of the
¢ the current was 5 times towards the non-metalliferous point, and 6 times
¢ pice versf,” Ibid, p. 10,
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- (IIL) When two portions of rock were connected,
at East Wheal Crofty, whether the plates were both
of copper (22) or both of zinc (24), and also when
the north-western plate was of zinc and the south-
eastern one of copper (25), the currents were in the
same direction, viz., from N.W. to S.E.; and, there-
fore, contrary to those flowing through the Jodes
themselves, or those flowing between the lodes and
rocks; this direction, however, was from the colder
towards the warmer points. ‘

In the remaining case (23), the current flowed
from the warmer towards the.colder point ;—from
the zinc towards the copper plate ;'—from S.E. to
N.W.

In two of the first three experiments the needle
was deflected 2°—(22), 60°—(25), and in the other
(24) it revolved : in the fourth example (23) it was
deflected 30°.

(1.) At Rosewall Hill there were four experi-
ments, and the currents flowed in either direction

1 At East Wheal Crofty, in the summer of 1884, during a severe thunder-
storm, a flash of lightning struck the iron wire (‘knocker line) by which signals
are made to the surface by the workmen underground. One of the labourers,
who ata depth of about 70 fathoms was at the same instant in the act of making
a signal, received a shock which rendered him insensible for a short time.
Shortly after this occurrence I received from the sufferer, who was acquainted
with the effects of an electrical machine, a full and satisfactory relation of the
particulars of this accident, which was the only injury sustained in the mine.

M, Daubuisson (Des Mines de Freiberg, iii. p. 150) describes a similar cir-
cumstance which took place in the mine Beschert Gliick, in the year 1787.

Mr. Buddle, also, states ( Parliamentary Report, on accidents in mines (1885),
P. 151) that on one occasion his father saw the lightning descend by the pumps
into & mine, making a loud noise, but causing no injury; and he himself wit-
nessed a terrific explosion produced by the electric fluid, which ignited the
inflammable gas ascending from the Lawson pit.
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in an equal number. When both plates were of
copper (12) the direction was the same as in the
lode,—from N.E. to S.W., and the deflection was 2°;
when both were of zinc (14) the current had an
opposite direction, and the needle oscillsted through
an arc of 120°, but did mot revolve. When a zinc
plate occupied the north-eastern station, and a cop-
per one the south-western (13), the current flowed
in the same direction as in the lode,—from N.E. to
8.W,, and the needle was deflected 50°: on reversing
the positions of the plates the direction of the cur-
rent was changed (15), and the deflection was 55°.
In beth cases, therefore, the currents flowed from
the zinc towards the copper plates.

Throughoat this volume it has been my constant
aim to present descriptions and arrangements of the
facts which have come under my notice; and to
avoid speculation on their causes. I do net intend
to depart from this rule in the present instance,—
indeed its observanee seems to be imperative ; for in
dealing with substanees so variable in their mineral
compositions,' differing so greatly in their tempera-
tures, and whose other characters are so numerous
and diversified,’ it need excite no surprize if at the

1 Mr. Prideaux, London and Edin. Phil. Mag., iii. (1888), p. 373,

8 Mr. R, W, Fox found that the quantity of foreign matter in water from the
mines did not gemerally excoed § or 6 grains in a pint; though in ome instamce
it was 93 grains ;—it chiefly consisted of muriatic and sulphuric salts.

Cornwall Geo, Trans., iii, p. 833,

Small as these quantities of salts are, mine-water is well known to be a pow-
erful preservative of wood from dry rot. The late Captain Hercules Micheil
suggested the formation of a tank for receiving the water from the great
Gwennap adit, and immersing in it the timber intended for ship-building.
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commencement of our enquiries we are unable to
determine those general laws, the discovery of which
is always reserved as the last reward of diligent and
patient research.

The experiments of M. Becquerel,! Mr. R. W.
Fox,' Mr. Crosse; and others, on the chemical
changes in various substances by the long-continued
action of electricity of low tension, are, without
doubt, more or less connected with our present sub-
ject. They are, however, separated from it by an
interval of unknown extent, unexplored by experi-
ments ;*—and if we abandon the cautious process of

1 Traité de I’Electricité, i. p. 880, iii, p. 295

2 Reports of the British Assoc. (1886), p. 81: Report of the Royal Cornwall
Polytechnic Society (1886), p. 115.

8 Reports of the British Association (1836), p. 47.

4 On the 17th of February, 1843, an earthquake shock was felt throughout
considerable portions of the Helston, Camborne, and Redruth mining districts.
Noises were heard, and concussions felt, both at the surface and at considerable
depths in several of the mines.

The sounds heard at the surface were compared to distant thunder, and the
passing of carriages ;—underground, to the falling of the bucket (‘kibble) down
the shaft, followed in some instances by a rattling as of a chain descending,—to
the falling of rubbish ("running of stulls), and in one instance the rock emitted
a sharp crackling noise.

Houses shook so that sarthenware clattered on the shelves,—hedges were felt
to tremble, as also were some portions of the workings in the mines; and in
one instance (at Easi Wheal Crofly ) the men left their work in alarm, fearing
that the sides of the shaft, in which they were, was falling. Report of the
Royal Institution of Cornwall (1841, published in 1842), p. 44: Report of the
Royal Cornwall Polytechnic Society (1841), p. 167,

Mr. Moore states that the earthquake-shock, in the present year, was 80 se-
verely felt in some of the coal mines in Lancashire, as to have terxified the
labourers; and that the boring of a well, near Bolton, was so dislocated that
the rods would not pass,—a spring allowlnch had flowed there had entirely
disappeared. Standard, 1848, April 19th,
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induction, and attempt to supply our want of know-
ledge with vague and hazardous conjectures, we
shall retard, rather than advance, our progress in
the discovery of truth.

W.J. HENWOOD.

4, CLARENCE-STREET, PENZANCE,

1843, Arnn.%



