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——reeee.

"THE subject of the temperature of mines na-
turally divides itself into two parts, according
as it relates to the simple history of the pheno-
mena, or to the investigation of the causes and
relations of these. In this paper I shall adhere
to this distinction, as best calculated to give a
clear and precise view of the very interesting
and important matters to be considered.

In the first, or historical part, I shall strictly
confine myself to the narration of facts; and,
with a view to greater accuracy, shall transcribe
the journals I wrote at the time of observation,
in the galleries of the mines. In these journals

® In transcribing these two papers for publication, I have thrown
them into one, and thus, in some respects, new-modelled them, I
have also added some few facts; but regret that want of time has pre-
vented me from making many other very obvious and desigable alter.
ations, Chichester, May, 1822, J.F,
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it will be seen that I have been particular in
noticing many of the concomitant circum-
stances; but I now very much regret that the
details are not more comprehensive, and that
many opportunities of making further observa-
tions, still more satisfactory, were neglected,
partly from inattention and weariness, but prin-
cipally, from ignorance of their importance. I
trust, however, that many of my observations
are recorded with sufficient minuteness to en-
able others to form a correct judgment of the
legitimacy of the conclusions which I may
attempt to deduce from them, or themselves to
form others which may seem more just. I can,
at least, vouch for their general accuracy.

In the second division of my subject, when I
shall have to leave the safe ground of history
for that of philosophical inquiry, I fear that I
shall stand much in need of the indulgence of
the society. In a path so new to me I shall feel
my footing very insecure : but as I shall attempt
little beyond the task of a pioneer and guide to
those that may come after me, my feebleness
will, I trust, be both less perceptible and more
readily overlooked.

PART FIRST.

Berore proceeding to read my registers, it
may be proper, with a view to their better
comprehension, to premise a few brief remarks
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on the nature and interior economy of the mines
in which the observations were made. This will
save explanations during the detail, and enable
those who have never visited the interior of
mines; to enter upon the subject of their tem-
perature with greater facility.

1. Perhaps the clearest idea we can convey
to others of the nature of a metalliferous veit,
or lode, is afforded by the old thoretical notion,
of a narrow rent in the rocky crust of the earth,
approaching more or less to a vertical direction,
and filled with metallic ores. The object of
mining is to break down, and transport to the
surface, the contents of this supposed rent,—in
other words, to cut out from the containing
rock, this thin metallic plane. To effect this,
galleries, called in Cornwall Zevels, are driven
horizontally on the vein, one above the other,
and the ore, &c., produced by their excavation,
are transported to the surface by vertical galle-
ries, called shafts, cutting the former at right
angles. The horizontal galleries are, in the first
instance, about two feet wide and six feet high,
but. varying, of course, according to circum-
stances, and being frequently extended much
beyond their original dimensions. They are
driven one above the other at intervals of from
10, to 20, or 30 fathoms. When extended to a
certain distance from the original shaft, it is

necessary, for the sake of ventilation, as well as
U
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for other reasons, to form a second, which tra-
verses all the galleries in the same manner as
the first. The distance between shafts is very
various,—being from 20 to 100 fathoms. Fre-
quently a communication is made between two
galleries by a partial shaft (called a wins), in the
interval between twe shafts. When there are
more than one lode worked in the same mine,
as frequently happens, galleries often run pa-
rallel to each other at the same depth. In this
case they often communicate by intermediate
galleries, driven through the rock (or country, as
it is called in Cornwall,) which are termed
crosscuts. A mine thus consists of a series of”
horizontal galleries, generally one above the
other, but sometimes running parallel, traversed
at irregular intervals by vertical shafts, and all
communicating together, either directly or
indirectly. '

2. A person unacquainted with the details
of mining, on being informed of many hundreds
of men being employed in a single mine, might
naturally imagine that a visit to their recesses
would afford a picturesque and imposing spec-
tacle of gregarious labour and bustle, tremen~
dous noise, and much artificial brilliancy to
cheer the gloom. Nothing however is further
from the truth, as far as regards the mines of
Cornwall; for like their fellow labourers the
moles, the miners are solitary in their operations,
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Seldom do we find more than three or four -
men in one gallery at a time, where they are
seen pursuing the common operations of dig-
ging or boring the rock, in the inner extremity
of the gallery, by the feeble glimmering of a
small candle, with very little noise, or much
latitude for bodily movement. Very seldom are
they within the sound of each other’s operations,
except occasionally when they hear the dull
report of the explosions. In the vicinity of the
main shaft of the mine, indeed, the incessant
action of the huge chain of pumps, produces a
constant but not very loud noise, while the oc-
casional rattling of the metallic buckets (for .
conveying the ore) against the walls of the shaft,
as they ascend and descend, relieves the mono-
tony both of the silence and the sound. Still
every thing is dreary, dull, and cheerless; and
you can be with difficulty persuaded, even when
in the richest and most populous mines, that
you are in the center of such extensive and im-
portant operations. What adds greatly to the
impression of tameness is the extreme darkness
and dirtiness of the galleries. There is no light
whatever but that afforded by the candles of
the workmen, and by those’ carried by yourself
and guide: while the universal presence of
water soaking through the crevices of the gal-
leries, and intermixing with the dust and rub-
bish, keeps up a constant succession of dirty
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puddles through which you must pass, begides
being frequently obliged to crawl on all-fours
through passages too low to admit you in any
other manner. The galleries are extended by
breaking down the looser parts by the pickaxe,
and by rending the more solid by gunpowder.
Each miner has a candle, which is stuck close by
him, against the wall of hjs gallery, by means
of a piece of clay; and besides those employed
in extending the gallery, there are generally one
or two boys employed in wheeling the broken
ore, &c. to the shaft. Each of these boys has
" also a candle affixed to his wheelbarrow, by the
universal subterranean candlestick, a piece of
clay. A certain band of men (called, however
numerous,  pasr), generally undertake the work
of a particular gallery. These subdivide them-
gelves into smaller bodies, which, by relieving
each other at the end of every six or eight
hours, keep up the work uninterruptedly, except
on Sunday. By means of this subdivision of the
irs, there is in general npt more than one
third of the underground labourers below at
any one time. Notwithstanding this incessant
labour, the progress of the miner in excavating
his gallery is, in general, very small: one, two,
or three feet in a week, or a few inches daily, is
often the whole amount of the united operations
of 20 or 30 men. In loose lodes, and in killas
districts, they often cut more than this, byt
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often they do not cut so much. It is to be re-
collected that the lode is very rarely so wide as
the gallery, so that it becomes necessary, in or-
der to continue this of the proper size, to hew
through the solid rock on each side, which is
often very hard, even when the lode is soft.
The Cornish miner never sleeps nor eats under
ground, but returns to grass (the technical
aname of the surface) and to his home, often
aany miles distant, at whatever depth he may
be working, when relieved. The mode of as-
cent and descent in mines is by means of verti-
cal ladders fixed in the shafts.

3. Any person who calls to mind the man-
ner, object, and results, of the common process
of sinking wells, will be prepared to expect the
presence of water in mines. The quantity of
this varies very much in different mines at the
ssme time, and in the same mines at different
times. Some of the circumstances that occasion
this difference are very obvious, for instance,
the topographical relations of the surface, the
nature of the rock and lode, the number and
size of the lodes, cross-courses, &. Many
galleries, both on the lode, and through the
country, are quite dry, but in general, the reverse
ig true. Commonly the water oozes almost
imperceptibly from the lode and walls of the
galleries, and gradually accumulates, as formerly

~mentioned, so as to form puddles and pools of

PR ——
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considerable size under the feet of the miners ;
and it is very common to find the bottom of
long galleries covered, for some hundred feet,
with dirty water of this kind to the depth of
several inches, and sometimes of a foot or more.
Sometimes, but very rarely, we meet with brisk
streamlets or springs gushing from the lode. In
most mines we meet with currents of water

: flowing towards the pumps, from the upper
galleries, or from parts of the mine that have
been abandoned.

" The quantity of water in mines is most abun-
dant during the winter, or rather in the spring,
some time after the termination of the rainy
season. 'This fact is easily accounted for, espe-
cially in deep mines, by the length of time that
the superficial water requires to percolate to a
considerable depth. Inattention to this ¢ircum-
stance has given rise to an erroneous idea, still
prevalent among miners, that a dry easterly
wind raises the springs. The fact seems to be,
as has been satisfactorily shown by Pryce, that
the “ dry easterly winds” of the spring gener-
ally set in, in this country, about the period at
which the main body of the rain, fallen in the
preceding months, has been able to attain, in its
slow progress through the lodes and strata, the
bottom of the mines.* The variation in the

¢ See Pryce’s Mineralogia Cornubiensis; also  Observations on
the Climate of Penzance, &c.” by John Forbes, M.D. Penzance, 1821.
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quantity of water is much more considerable in
shallow mines ; these soon experiencing the va-
riations of humidity at the surface, according to
the seasons. It is a curious fact that several
mines worked under the sea, have been found
less subject to the percolation of water from
above, than many others. This was formerly
observable in Huel Cock, in the parish of St.
Just, and is at the present time in two mines in
the same parish, Botallack, and Little Bounds.

For keeping the workings from being inun-
dated, each mine is furnished with a chain of
pumps, extending from the bottom to the adit-
level, worked by a single pump-rod ; each pump
receiving the water brought up by the one im-
mediately below it. All the water of the mine,
below the adit-level, eventually finds its way
into the bottom of the mine, or sump, whence it
is finally elevated to the adit, through which it
flows, by a gentle descent, to the surface. The
. quantity of water discharged by the pumps from
many of the Cornish mines is very considerable:
thus Huel Abraham discharges, from the depth
of 1440 feet, about 2,092,320 gallons every 24
hours; Dolcoath, from nearly the same depth,
535,173 gallons in the same time; and Huel
Vor, from the depth of 950 feet, 1,692,660
gallons.

4. In giving an account of the ventilation
of mines it is necessary to anticipate, in' some
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degree, theresult of our investigations respecting’
temperature, and to notice the degree of heat
that is found in the air, water, and earth, at the
bottom of mines. The precise degree of this
temperature will be hereafter stated; it will
suffice here to mention that it exceeds 80°. in
the deepest mines ; that it amounts to 70°. at a
less depth than 1000 feet, and that it is 5°. or 6°.
above the mean temperature of the climate at
no greater depth than from 200 to 400 feet.
The existence of this temperature at the bottom
of mines (however produced) will, of itself, ne-
cessarily occasion a constant circulation of air
upwards, through the shafts; and as what as-
cends must be replaced by the air above, there
will, of course, be a constant current downwards
through the same or other shafts. The extent
of ventilation in mines will depend on many
circumstances, more especially on their depth,
the number of shafts, the degree of ecommunica-
tion between the different galleries, and also on
the state of the wind at the surface. The cool-
ing effect of high winds is very perceptible even
at the bottom of shallow mines, and it appears
that the currents of air in the very deepest
mines are considerably influenced by the force
and direction of these.

For the following observations on this sub-
ject, relative to the magnificent mine of Dol-
coath, I am indebted to Mr. John Rule, Jun.
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one of the superintendants. “I have made some
experiments to ascertain the direction of the
currents of air in this mine, and find that in 25
of our principal shafts, (the whole of those open
on the main‘lode) 13 have a strong current of
air downwards, and 12 about the same degree
of current upwards: they differ however with
respect to the strength of the currents, some
being very strong, others less so. I never made
any experiments to ascertain the currents of
air before, but from common observation, I am
enabled to state that they vary as the wind
does, so that those shafts which sometimes have
a current downwards, on a change of the wind
have an upward current, and vice versa. The
same thing takes place with regard to the levels
underground; changes of wind making the
current of air run in opposite directions at dif-
ferent times. The strength also, of the currents
underground, depends upon the wind at the
surface; when it blows hard the current is
strong underground and vice versa.

% We find no want of air underground, even
in the deepest parts, where a communication is
made from one level to another by means of a
shaft or a winds, or from one shaft to another
by a level. The current of air is frequently so
strong even towards the bottom of the mine
as’'sometimes to blow out a candle: in fact

we never find a deficiency of air unless it be in
X L4 .
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a level extended a considerable way from &
shaft, without baving a communication with
any other part; or in a shaft sunk far below a
level; in which cases we are frequently under
the necessity of having recourse to some artifi-
eial means to procure air in the part wanting it.

“ I ascertained the currents of the shafts at
the surface by throwing feathers, pieces of
paper, and straw into them. In many cases
the currents were so strong as to carry these
things rapidly upwards te the height of several
yards.”

Though these currents in the shafts and more
" open galleries are considerable, it is still true,
- that in the great majority of the galleries no
eurrent, or one that is very slight, is' pereep-
tible; and that in all such galleries as commu+
nicate only by one extremity with a shaft, or
with other levels by a wing at some distance
from their inner extremity (both of which kinds
constitute the greater number of the working
galleries), there is no current whatever, and in
fact, no possibility of their being one. Many of
these galleries are several hundred feet in length,
with no other outlet but their extremity at the
shaft. A sufficient proof of the general stillness
of the air in mines is afforded by the fact of
lanterns being unknown in them; and during
all my visits to these gloomy regions I never
saw the candle extinguished by a current of
air, more than once or twice.




Temperature of Mines. 171

Owing to the absence of the generating ma-
derials in the mines of Cornwall, the hydro-
genous gases of coal mines are entirely unknown.
Accidents, however, occasionally though very
rarely occur, from the accumulation of other
of the irrespirable gazes in long abandoned
galleries ®*; and it is very common in sinking
deep shafts, or driving long galleries, to find the
air so vitiated by respiration and :combustion,
and by the gazes from exploded gunpowder, as
to oblige the miner to fix his candle in almost
a horizontal direction to keep it from being ex-
tinguished. In cases of this kind artificial cur-
rents are occasionally produced by means of
air-pipes, &e.

Having premised these explanatory details,
I now proceed to lay before the society the re-
gister of my observations on the temperature of
mines. To the account of each mine I shall
prefix a few partieulars which it may be im-
portant to keep in mind, while considering the
details.

® Accidents of this kind appear to have been more frequent for-
merly, probably from less attention being paid to the ventilation.
¢ While they thus play the mouldwarp,” says Carew, ‘‘unsavoury
damps do here and there distemper their heads, though not with so
much danger in the consequence, as annoyance for the present.”
Page 87, Dr. Borlase says death from this cause never occurs j but
both Pryce and Polwhele relate several instances of the kind. I have -
myself never heard of any occurrence of this kind (1820). Since
leaving Cornwall, I have noticed in the public papers a statement of
a fatal event from this cause, 1822,

o
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. 1. - Huer Neprune. Copper mivoe, situated
in killas. :
Height above the level of the sea, about 200

* feet.

Depth, at the period the observations were
made, 550 feet.

(Depth in 1822, 750 feet.)

Number of men employed under ground 120.

Expenditure of candles per month 1200 Ibs.

Expenditure of gunpowder ditto 250 lbs.

Quantity of water discharged per day 216,000
gallons.

Temperature of this at the adit at the time
the observations were made 60°. (in 1822,
620)

Has been working 11 years (1822).

Huel Neptune,like most of the Cornish mines,
consists of an old abandoned and shallower part
conjoined with that now in operation. It was
in the former (western) part that I began my
observations; and all those at or above the
depth of 342 feet were made here. I shall pre-
fix a letter to each of my observations in my
account of this and the following mines, for the
sake of correct and easy reference. In all cases
I shall reckon by feet; and in estimating the
depth of mines shall reckon from the surface,
and not from the adit-level, as is customary. I use
Farenheit’s thermometer ; and, for the sake of
brevity, shall frequently content myself with put-
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ting down the number of degrees without repe-
tition of the words thermometer, temperature, §c.

April 21, 1819,

a. Air at the surface in the shade 54°.

b. Air in the mouth of the engine shaft by
which I descended (engine at work) 58°.

¢. 114 Feet within the shaft, air 58°.

d. 150 Feet. The adit-level. In the entrance
of this, air 57°; water as flowing from the
pump 60°.

e. Same level—240 feet from the shaft. Wa-
ter and air precisely the same as in last obser-
vation.

J- 200 Feet. Old gallery.—A large excava-
tion on the lode. Air quite still—no water.
Air 56°; loose dry.earth in the bottom of the
gallery 55°.

& 246 Feet. Level on the lode. Gentle
breeze coming from an old shaft sixty fathoms
distant. Air 56°; loose dry earth 57°.

h. 294 Feet. A large excavation on the lode
in a long abandoned level. Air, quite still, 56°;
loose dry earth 55°.

i. Same level. Midway between two shafts
which are at a considerable distance. Air and
earth as in g.

k. Same level. Pool of standing water in
the bottom of the gallery, several fathoms long
and a foot deep. This water 55°. (Pump water
in this level 60°.)
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I. 842 Feei. In a cross-cut forming a con»
siderable angle with the level on thelode; watex
of a large standing pool 54°.

m. Same level. On the lode. Bottom of the
old engine shaft, imperfectly covered at top,
through which a glimmering of light can be
discerned above. Air 58°; loose dry earth 56°.

n. 402 Feet. Large streamlet of water run~
ning fowards the engine shaft : water of this 57°,

0. 450 Feet. An open level communicating
with the engine shaft. No men working near,
but they often pass through this gallery, Air
'60°. (Pump water here 60°.)

p. 540 Feet. Lowest level in the mine. A
large excavated space adjoining the engine shaft,
where the pump and wkim * are at present in
action. A small gallery on the lode opens into
this space, in the inner extremity of which
(about 30 or 40 fathoms distant) men are now
at work on the lode. No perceptible current
of air. The mine now feels much warmer and
closer; and fumes of gunpowder are very pere
ceptible. Air 64°; loose earth 63°.

q. Same level. Inner extremity of the gal-
lery mentioned in last observation, about 30 fa.
thoms from the shaft, very close and hot ; eight
men constantly at work on the lode. Air 70°,
Small standing pool in the same place, 4 inches
deep. Water of this 67°.. Thermometer buried

® The apparatus for raising the ore-buckets from the bottom of
the mine,
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in Toose slatey rubbish just broken from the
sides of the lode 70°.

r. Same gallery, at its outer extremity
where it joins the shaft—Air 68°.

Postscript; May 1822. 1 learn from my
friend Joseph Carne, Esq. that Huel Neptune
is now 756 feet deep, that is 216 feet deeper
than at the time I visited the mine, and that
the temperature of the pump water as dis-
charged at the adit is 2°. higher, viz; 62°.

2. BeraLrack. Tin and copper mine. -

Height above the level of the sea’abont 40
feet.

Depth at the time the observations were
made, 570 feet.

(Depth in May 1822, 672 feet).

Number of men employed underground 150:

Expenditure of candles per month 12001bs.

Expenditure of gunpowder ditto 6001bs.

Quantity of water discharged by the pump
daily 57600 gallons.

Temperature of this at the adit in 1819, 62°.
in 1822, 67°. Has been worked 17 years,
(1822).

July 26, 1819.

a. Air at the surface, in the shade, 64°.

5. Small stream of watér conveyed in an

open conduit from a considerable distance, em-
ployed for the washing of the ore &c, 63°,

v e e - -
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c. 42 Feet below the mouth of the engine
shaft, the adit level open to the cliff. Air (quite
still) 62°. Water discharged by the pump 62°.

d. 96 Feet. Level on the lode. Air (quite
still) 58°; a deep pool of water 56°.

e. 126 Feet. Near the engine shaft : still air
59°; small pool of water 57°.

J- 198 Feet. Level on the lode—near the
engine shaft—midway between two other shafts,
eighty fathoms distant. Air (quite still) 60°:
pool of water in the bottom of the gallery 58°.

g- Same level, 50 fathoms from the place of
last observation, results precisely the same.

h. 240 Feet. Level on the lode—very dry,
air perfectly still. Thirty fathoms distant from
any shaft—air 61°; loose earth 60°.

t. 300 Feet. On the lode, at a distance
from any shaft, air (quite still) 61°; deep stand-
ing pool in the bottom of the gallery 59°.

k. 390 Feet. Level under the sea, on the
lode. Beneath this gallery there is an “old
working ” which has been long abandoned, and
which is now filled with water to the level of
the bottom of this gallery. This excavation is
ten fathoms deep, and of considerable length.
The water contained in this, which is quite
salt, is 62°. Air in the gallery 66°.

l. 450 Feet. Level on the lode. Several
men at work. Air near the men, and also at a
distance, 66°.
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_m. 510 Feet. Level on the lode. Near the.

engine shaft, a gentle current of air 64¢.

n. Same level. In the inner extremity of
the gallery where the men are at work, air 72°;
same place, small puddle of water (not a pint)
under the feet of the miners 69°; loose frag-
ments of slate broken at that instant from the
walls of the lode 68°.

0. 540 Feet. Lowest level of the mine,
having no communication with any other part
but the gallery immediately above it, and this
only by a wins. In this excavation the ait is
quite still, and there is very little water. Air
66°; water 67°, |

N. B. The whole of this mine is worked
under the sea-level, and a considerable part of
it directly beneath the bed of the sea. All the
water in it is saline, but much less salt than the
sea water at the surface. A singular fact was
mentioned to me in this mine by one of the mi-
ners. In one of the galleries at a considerable
depth, there existed for a long time a single
stream of fresh water, which, like the fabled
Fons Aradius of the mariner, was pure and sweet
amidst the surrounding brine. It came from
the roof of one of the galleries, and was so small
as to be rather a succession of single drops, than
a continuous thread of water. While it lasted,
the miners were in the habit of keeping a bottle

suspended under it to collect the water for
v
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i. 288 Feet. The mine is now in granite.
Level on the lode, very dry. Eight fathoms
‘from the shaft and about eighty from the inner
extremity of the gallery, in which two men and
two boys have been working the last four months,
There is a considerable current of air : this 54,
k. Same Ievel 30 fathoms from its inner ex-
‘tremity: Afr 56°. Thermometer buried four
inches in the loose earth 54°. ‘ '
l. Same level, at the inner extremity, where
. the men are now at work on the lode, which
" consists of quartz, with brown hematite, and 3
capel of loose crumbling granite. Thermometer
buried in the soft and previously untouched
. growany earth for ten minutes, 59°; in a pool
a few inches deep 59°, in the air 62°.
m. 312 Feet. Lowest level now worked. No
men here at present. Twelve fathoms from a
* shaft—a perceptible current of air, and also a
* small streamlet of water. Thermometer in a
pool of stagnant water, one foot deep, out of
the direction of the currents of air and water,
sS40, ; bl
n.  Same level, but on another parallel lode
which has not been worked for six years. The
inner extremity of this gallery is 30 fathoms
distant from any outlet or communication what-
ever, and 48 distant from the nearest shaft. In
the very extremity is a pool of perfectly fresh
water (though we are now directly under the
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bed of the sea), six inches deep and several feet
wide : this water 56°; air in same place 57°.

0. Same depth. A cross-cut uniting the two
galleries already mentioned—a perceptible cur-
’rent of air, and a shallow stream of water run-
;nmg towards the pump : this water 54°:

p Same depth, but on a different lode. No
person at work near this. Beneath this gallery
there is an “ old working ” communicating with
‘it by a wins. This excavation is six fathoms
deep and ten long It is now quite full of wa-
der, and has been so for at least two.years.
PDoubtful if any water is now running into this
xesery roir. 'This water 55°; air in the gallery,
which is quite still, 54°.

- 4. Dinc DoNe. Tin mine. In granite. .
Height above the sea level about 400 feet.
Depth from the surface 606 feet.

Number of men employed under ground 120.

Expenditure of candles per month 900 lbs.

Expenditure of gunpowder ditto 300 lbs. -

Quantity of water discharged by the pumps
daily 50,000 gallons.

Temperature of this at the adit, 61°.

Has been worked eight years.

* July 26, 1820.

Ding Dong, like ITuel Neptune, consists of
an old and shallower mine not now worked,
conjoined with the part now worked, which is ‘
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.deeper. These two portions are united by
means of a gallery at the depth of 50 or 60
fathoms under the surface. To the westward
of this more antient part of the present Ding
Dong there is still an older mine (Huel Malkin)
adjoining, but not, I believe, actually communi-
cating with the present mine. Huel Malkin
.has been entirely abandoned for many years,
It was through the older portion of Ding Dong
that I descended, and proceeded to the part of
the mine now worked by the gallery that unites
them. '

a. Air at the surface in the shade 65°.

b. Air in the shaft, from the surface to the
adit, which is 72 feet from grass, 58°. This
shaft is driven perpendicularly through the solid
granite, and not on the lode.

c. 132 Feet. In the shaft; no apparent cur.
rent of air; water dripping all round : air 55°,
N. B. As this shaft communicates only with
the surface and the fifty-two fathoms level, it
must come from one of these sources, »

d. 384 Feet. At the bottom of the shaft,
where it joins the level, on the lode; no percep-
tible current of air, but a constant dropping of
water; no men at work within forty fathoms 3
Air 55°. :

e. 444 Feet. At the bottom of the shaft,
Air 55°; small pool of water 54°.
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/- Fifty fathoms to the westward of the
shaft this gallery terminates. At its inner ex-
tremity four men have been employed for the
last five weeks in cutting the barrier which
separates this part of the mine from the older
mine to the westward. They are now at work,
and have just succeeded in piercing the barrier,
by a small epening, from which a brisk stream
of water flows. This water, I am told by the
miners, comes from a large body of water accu-
mulated in the old mine. There is also a cur-
rent of air here, which is said to come from the
old mine likewise: Water 521°; air close by
the men. (who have four candles) 57°.

g. Same level, 40 fathoms eastward of the
shaft. A good current of air, and a stagnant
pool in the bottom of the gallery four inches
deep : this water 55°.

[We now come to the eastern part of the
mine, which is worked at present; and it is to
be observed that, in consequence of the declivity
of the surface, the gallery in which the last ob-
servations were made, and which is reckoned
as 74 fathoms below the surface, is only 64, at
its eastern extremity, where it joins the other
shaft. In our farther progress downwards, this
latter numeration will be followed. This is the
engine-shaft, and the water brought up by the
pump is here 60°.] .
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h. 450 Feet. This gallery is driven omly
22 fathoms, and has no communication but with
the shaft. It has not been occupied or worked
~ in for eighteen months. In its very inner ex«
tremity, there is a pool of water six inches deep,
and several feet in diameter. This water 59°;
air (quite still) in the same place, 60°.

. &, 552 Feet. Gallery driven 40 fathoms east
of the main shaft, and has ro communication
with any other. Four men have been constantly
at work on the lode, in the inner end of this gal-
lery, for the last twelve menths, and have fired
daily, during that period, from 8 to 12 charges
of gunpowder in rending the lode,and its bound-
ing walls of granite. There is some water trick-
ling from the roof and sides which has accumu-~
lated so as to form a small pool in the bottom :
this water 64°; air in the very inner extremity
of the gallery 64°. The thermometer was left
in the same place while two ' charges of gun-
powder were fired, and upon being examined
immediately afterwards, was found to have risen
one degree, viz: to 65°.

k. In the bottom of this gallery there is much
water, especially towards the shaft. In the vi-
cinity of the shaft, air and water 62°

l. 612 Feet. Allthe circumstances are here
precisely the same as in the gallery above, in re-
spect to air, bumidity, and men at work, except
that this is worked only 30 fathoms from the
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shaft. The air here is not good, as the candles
burn very badly. The greater part of the bot-
tom of the level is covered with water. In the
inner extremity the air and water are 64°; four
fathoms from the end, water 63°; five fathoms
from the end the ater, which is in much greater
quantity, bemg a foot deep, 62%; Ten fathoms
from the shaft, air 62°.

The same experiment of blasting two charges
of gunpowder was made in the inner end of this
gallery, and the result was found to be precisely
similar, viz. the elevation of the temperature of
the air by one degree. No change, as might
have been foreseen, was produced in the tempe-
rature of the water.

m. 678 Feet. One fathom below the last level
is the reservoir for the water of the mine, '(the
sump): this is about two fathoms in diameter,
and contains at present, water to the depth of
two feet; it is boarded over at top. Air and
water in this reservoir 64°.

5. Huer Vor. Tin mine. In killas.
Depth from the surface 948 feet. .
Number of men employed underground 548.
Expenditure of candles per month- 3000 Ibs.
Expenditure of gunpowder ditto 3500 Ibs.
Quantity of water discharged per day 1,692,660
gallons. :
Temperature of this at the adit 67°,

Has been worked 12 years.
z
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[T descended into this mine in the part most
actively worked ; the whole of my tract down-
wards thus lying over the deepest, and hottest
part of the mine.]

July 31st, 1820.

a. Air in the shade, at tha surface, 65°.

b. 210 Feet below the surface. The adit
level. A current of air, 12 fathoms from the
shaft, 63°. Midway between two shafts, named
Pearce’s and Gundry’s; a good breeze from the
latter; water dropping from the roof and form-
ing stagnant pools; no work done here, but men
pass through occasionally; air here 58°. water
67°. water as discharged at the mouth of the
pump 67°; at some distance from the pump in
the adit 66°.

c. 510 Feet. Level on the lode, communi-
cating with the galleries above and below by
winses. Forty fathoms east of the shaft, a gen-
tle current of air near the upper wins; water
dropping from the roof and covering the bottom
of the gallery to the depth of eight inches. No
work done here for years. Air 61°; water 60°.

d. 630 Feet. This gallery extends east of
Pearce’s'shaft, 20 fathoms on the lode, and is
then driven south through zhe country (killas)
30 more, when it terminates. It has no com-
munication with any part of the mine, but
with Pearce’s shaft. That part of the gallery
which is on the lode is rather damp, and contains
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pools of water in the bottom; the cross-cut
however is perfectly dry. No person has worked
in this gallery for several years. The air in it
is quite still. The temperature was very pa-
tiently noted. In the inner extremity of the
cross-cut, air 61°; thermometer plé,ced in an old
shot hole in the rock, eight inches deep, 61°;
buried in the loose slaty rubbish, 61°; in the
mouth of the gallery,on the lode, air and water
63e.
e. 690 Feet. Thislevel is very much worked
out, and communicates freely with other parts
of the mine. It joins Gundry’s shaft at its eas-
tern extremity. Some men are at work on the
back, or top, of the level. There is a brisk
streamlet of water here from the old mine (Huel
Vreah) to the eastward; this water 64°; air
here 65°.

J- 786 Feet. Level on the lode, driven east
of Pearce’s shaft 56 fathoms, and communicating
with the gallery above by a wins. In this gallery
there are nearly 40 men constantly at work, and
the lode is very much worked out. The water
dropping from the roof like a shower of rain.
In the very inner extremity a large quartz
cross-course has just been cut, through the open
drusy cavities of which, a stream of water de-
scends with considerable force. The air is here
remarkably good, stream of water 70°; air in the
same place 700; in the same gallery, 20 fathoms
nearer the shaft, and midway between the work-
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ing of two pairs, the bottom covered with water,
a gentle current of air; water 68°; air 67°.
_ 8- Same level. In the eastern extremity of
the gallery, much dropping of water from the
roof and great accumulation of it in the gallery.
This part of the mine has been long abandoned,
and no workmen have been in the gallery for
two years; air and water here 67°.
k. 846 Feet. This level is driven east of
Pearce’s shaft fifty fathoms ; thirty men have
been constantly at work in it for the last three
months, who have exploded twenty-five to thirty
charges of gunpowder, on an average, daily.
There are very few men here to day. The lode
is very hard, and the whole of the workmen do
not extend the gallery more than from two to
three fathoms per month. Notwithstanding the
hardness of the lode, the gallery is very wet,
the water dropping like rain from the roof, and
lodging in the bottom. In the inner extremity
of this gallery, air and water 67°, and the tem-
perature of both is precisely the same at ten
fathoms distance. Near the shaft the air is 64°.
i. 900 Feet. Gallery on the lode, driven
east of Pearce’s shaft 24 fathoms. This gallery
is still wetter than those above it, the water
rushing in large streams through the hollow
parts of the lode, which consists of crystallized
quartz and iron pyrites. Twenty four men em-
ployed here. Water of the descending streams
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67°. The temperature of the air cannot be as-
certained on account of the showers of water.

k. 948 Feet. This is the lowest level in'the
mine, and contains a great deal of water, which
is of the temperature of 71°.

6. Dorcoarn. Copper mine. In killas.

Height above the level of the sea about 300
feet.

Depth from the surface in 1819, 1386 feet;
in 1822, 1428 feet. ‘

Number of men employed under ground
(1822) 800.

Expenditure of candles per month 6000 lbs.

Expenditure of gunpowder ditto 2600 lbs.

Quantity of water discharged by the pumps
daily 535,173 gallons. .

Temperature of pump water at the adit (1822),
in the eastern part of the mine 72°; in the
western ditto (much shallower) 64°.

Has been worked 20 years.

February 1819.

a. Air at the surface in the shade 47°,

b. 300 Feet. Air near the shaft 60°,

¢. 540 Feet. Gallery, 25 fathoms east of
the shaft, air 64°.

d. 930 Feet. Level on thelode. A strong
current of air 62°,

e. 1140 Feet. Level on the lode, very dry.
In the inner extremity men recently at work;

— T =\
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Air (very close) 74°; small puddle of water
under foot, a few inches deep, 70°.

J- Same level. Another gallery, also very
dry, air quite still, two men at work in the end,
smell of recent explosion; air 71°.

g. BSame level. Midway between the two
shafts (30 fathoms distant) slight current of air;
this 65°; water of a deep standing pool 62°.

h. 1260 Feet. Five fathoms from the engine
shaft, in a cross-cut in which the water brought
up by the pump runs; water 78°; air 76°.

i. Same level. A few fathoms distant from
the place of last observation, there is a small
stream of water which comes from some of the
upper levels; there is also a gentle current of
air coming from a shaft 35 fathoms distant;
stream of water 65°; air 67°.

k. . 1320 Feet. Inner extremity of a gallery
where two men are at work, no current of air
or water,—feels very close,—one explosion to-
day, and there is now a strong smell of gunpow-
der. Small puddle of water in the bottom of
the gallery. Air 76°, water 74e.

!. 1380 Feet. Lowest level in the mine.
Inner extremity of the gallery, two men at work ;
place very close and hot; air seems a good deal
contaminated, yet the candles burn well; air
here 85°; water in the puddle underfoot 81°.

m. Same level. Eight fathoms from the
end, air cooler and less close 81°; pool in the
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bottom of the gallery, several feet in extent and
a few inches deep; this water 76°.

n. 1386 Feet. Reservoir, or sump, a large
cavity in which the lower end of the pump
rests; a great deal of water in this, which is 84°.

7. Huer ABranam. Copper mine. In killas.
Depth under the surface in 1822, 1440 feet.
Number of men under ground 560.
Expenditure of candles per month 4800 lbs.
Expenditure of gunpowder ditto 1500 Ibs.
Quantity of water discharged by the pumps
daily 2,092,320 gallons.
Temperature of this as discharged into the
adit 71°,

The water of this mine is drawn from the
bottom about 160 fathoms, by one engine. It
then runs through a level, about 150 fathoms in
length, to another engine, by which it is drawn
to the adit.

As Mr. Lean has published an account of the
temperature of this mine, as taken in June 1815,
in the Philosophical Magazine for 1818, I shall
not repeat it here. He says, that at present
(May 1822,) the air in the lowest level, which
is 1440 feet under the surface, is 90°.

From the whole of the circumstances men-
tioned in the preceding journals, I shall now
annex one general table, which may be con-



192 DR. ForBEs, on the

sidered as exhibiting a tolerably fair average of
the temperature of the Cornish mines.

PART SECOND.

To persons unaccustomed to philosophical
investigations it might perhaps appear, that the
preceding documents and details must be at
once admitted as unquestionable proofs of the
augmented temperature of the earth beneath
the surface; and that we have merely to look
to the results of our tables, to fix its actual
amount, its point of commencement below the
surface, and its progressive increase as we des-
cend. The members of this society, however,

- will be prepared for the consideration of several
important circumstances, before these conclu-
sions can be adopted.

The most important of these circumstances
is the existence of artificial and extraneous
sources of heat in mines. These sources are
all, in Cornwall, either the direct or indirect
consequence of the presence of the miner. Of
the former class we have,—1, animal heat; 2,
combustion of candles; 3, explosion of gun-
powder; 4, friction and percussion: of the lat-
ter class, I shall have to notice the effect of
mining in lengthening the atmospheric colamn.

In attempting to estimate the power of these
eauses it will be necessary to keep in mind the
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TEMPERATURE OF SIX MINES.
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150 - 54|54

200 - 57|65

250 - 57159

300 - 55|55

850 - 55

400 - 5653 4
450 - 605t D 9
500 - ryd
550 - 63 3(63
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650 - 64 64
700 - 63
750 - 8168
800 - 66
850 - 68
900 - 71
950 - 1150 B
1150 - 1260

1260 - 1350

1350 - 1400!

* Here there was a strong current of air.






Temperature of Mines. 193

nature of the operations of mining, and, more
especially, the state of ventilation and moisture
formerly described. It happens that almost all
these extraneous sources of heat exist in the
very innermost extremities of galleries which
have only a very partial communication with
the shafts and more airy parts of the mine, and
in which, consequently, there is very little
change of the air. On this account, and, more-
over, because the walls of the galleries are not
only very bad conductors of caloric, but are
absolutely air-tight, the heat, from whatever
cause arising, will be very slowly dispersed.
The water, also, as it oozes from the lode in a
state of extreme division, will seize and retain
the heat, and in many cases, no doubt, will con-
vey it to the inferior galleries by infiltration
through the porous lode. The gazes extricated
from the exploded gunpowder being of superior
gravity to air, may, in like manner, be safely
considered as carriers of temperature to the in-
ferior parts of the mine. Of the actual power
of all these various sourees in raising the tem-
perature of mines, I shall now proceed to make
more particular inquiry. '

1. By the experiments of Count Rumford
and Mr. Dalton, on the heat evolved by differ-
ent bodies during combustion, it appears that
one pound of tallow is sufficient to melt about

107 lbs. of ice. But it is well known that the
AA
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quantity of caloric necessary to give fluidity to
water is 140° of Farenheit: hence it follows
that the same amount of caloric that melts a
certain quantity of ice, will raise the tempera-
ture of an equal weight of water 140°. One
pound of tallow, therefore, during combustion,
will increase the temperature of 107 lbs. of
water, or 13.3 gallons, (taking the pound of
water to measure a pint, which is sufficiently
correct for our purpose) 140°. 'This is equiva-
lent to raising 1872 gallons 1°; 936 gallons 2°;
624 gallons 3°; 468 gallons 4°; 374 gallons 5°;
and so on.*

2. Rude as the approximation to the truth
may be in the preceding calculations, I find it
much more difficult to come to any thing like a
tangible conclusion in attempting to estimate
the calorific power of gunpowder in mines,
That it is very considerable, however, no one
will doubt, who considers the situation and cir-
cumstances in which the powder is exploded.
In one or two instances I have myself proved
the heating power of this cause by direct ex-
periment, as mentioned in & preceding part of
this memoir. Gunpowder, during explosion,
will increase the temperature of mines in two
ways,—by communicating caloric to the sur-

® I shall hereafter apply these calculations to the phenomena of

particular mines, when my reasons for adopting water as the measure
of temperature will sufficiently appear.
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rounding bodies like other combustibles, and by
generating a large quantity of gas. The gazes
generated have been ascertained by experiment
to be 244 times the volume of the powder, sup-
posing them to be, when evolved, of the same
density as the atmospheric air; and, allowing
for the effect of the heat generated at the time
of explosion, it has been calculated that they
will occupy 1000 times the space of the original
powder. Now, admitting a pint of gunpowder
to weigh somewhat more than 14 ounces, and
allowing 60 pints to the cubic foot, we have
thus 1000 cubic feet of gas for 50 lbs. of gun-
powder, or 20 cubic feet for 11b.—taking inta
account the effect of rarefaction.

Gunpowder may, in the second place, be
considered as a common combustible, and as
generating heat in the ordinary manner, by the
consumption of oxygen. Perhaps only about
one fourth part of gunpowder is combustible,
the remaining three fourths consisting of nitre,
which merely furnishes the gazes that are
evolved; and it is also certain that, in ordinary
cases, a considerable part of that which is com-
bustible is not inflamed. Taking into consi-
deration, however, the effect of the great vo-
lume of gas evolved, the compression of the air,
&c., I think it will not be beyond the truth to
consider the whole produce of exploded gun-
powder as equal to that resulting from the

[
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combustion of an equal weight of charcoal. On
this supposition the effect will be as follows :—
according to Crawford and Dalton, the quan-
tity of ice melted, in other words the quantity
of water heated 140°, by the combustion of 1Ib.
of charcoal, is 54 1bs. or about 7 gallons : thisis
equivalent to the elevation of 980 gallons 1°;
490 gallons 2°; 326 gallons 3°; 245 gallons 4°;
and so on.

3. With the effect of the operation of fric-
tion and percussion in raising the temperature
of bodies, we are all familiarly acquainted: the
friction of two pieces of wood produces combus-
tion: the hammering of iron renders it red hot:
a single blow of a hammer on a copper coin will
raise its temperature 20°. Now when we con-
sider that the whole process of excavating mines
is effected by iron tools, and by percussion and
friction, either between these tools, or between
them and the rock, we must admit this is a cause
likely to produce a considerable quantity of heat
in so confined a space as the gallery of a mine.
‘Without taking any notice of the effect of the
friction of the pumps, rods, &c., the incessant
operation of rending the lode and rock, by the
pick-axe and lever,—I shall, at present, only con-
sider the probable influence of boring the rock
for the reception of the gunpowder for blasting.

The most satisfactory experiments to ascer-
tain the quantity of heat evolved in boring, are
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those made by Count Rumford on' the boring
of cannon, the result of which (although as the
pressure on the borer was equal to 10,000 lbs.,
of course there is nothing in the process of
boring rocks that can properly be compared to
it,) will be sufficient to show that a consider-
able evolution of caloric may be expected from
that process in mines. In attempting to form
some estimate of this in any one mine, we may
allow half a pound of powder to every charge,
which will make the number of holes bored
exactly double the number of pounds of gun-
powder expended. We may also allow three
or four hours for completing each hole. A
pound of powder will thus represent the effect
of six hours continued boring; and 4 lbs. that
of a whole day.

What may be the precise amount of heat
evolved by this operation, I am, at present,
quite unprepared to say; nor am I sure that I
can form a conjecture respecting it, at all ap-
proximating to the truth. I should, however, be
disposed to consider the action of four borers
continued for 24 hours, as equal to the effect of
the combustion of one pound of candles. By
this supposition 16 lbs. of powder in the expen-
diture of a mine, will represent the effect of
11b. of tallow in combustion.

4. One of the most wonderful phenomena in
nature, and one of the most striking instances
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of divine wisdom, is the peculiarity of the living
animal body to preserve the same degree of heat,
whatever be the temperature of the medium in
which it is placed. As, however, this mystery
of vitality offers no exception to the general law
that regulates the distribution of caloric, and as,
in all natural circumstances, the temperature of
the surrounding medium is below that of the
human body, there must consequently be a con-
stant transmission of heat from it to the air. In
this point of view, then, every human body may
be considered as a permanent focus of heat, dif-
fusing it on all sides, from the commencement
to the termination of life, in a quantity propor-
tioned to its size. In the open air the influence
of this source of caloric is quite imperceptible,
and it is not very obvious in large and well ven-
tilated apartments. In small and close apart-
ments, however, or where many persons are
crowded together, as in a theatre, the effect
becomes very perceptible. For the same reason
this cause must be very effective in the small
air-tight gallery of a mine.

The living animal body raises the tempera-
ture of the air in two ways,—by contact with
its exterior surface, and by respiration, The
effect of the former mode is very inconsiderable,
compared with the latter; although, perhaps,
in the case of miners, who are very imperfectly
clothed, it may be greater than in many other
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classes of men. The effect of respiration in
heating the air is very considerable indeed. It
has been calculated by philosophers that an
ordinary sized man receives into his lungs
48,000 cubic inches of air every hour, or 666
cubic feet per day. Now as the temperature of
expired air is presumed to be nearly the same
as that of the body (98°.), it will at once appear
that this must be productive of a considerable
quantity of caloric in the confined galleries of
mines. .

It is probable that the whole of the expired
air is not raised to the temperature of the body;
it is also certain that the mean temperature of
air in mines is considerably above the mean of
the climate: making allowances, then, for both
these circumstances, it will perhaps not be far
from the truth to suppose that the air respired
by our miners receives an augmentation of only
30°. From these data we shall obtain the fol-
lowing results: the respiration of a single mi-
ner in 24 hours will raise the temperature of
19,980 cubic feet of air 1°; 9990 cubic feet 2°;
6660 cubic feet, 3°; 4995 cubic feet, 4°; and so
on. Applied to the elevation of the tempera-
ture of water, the results will be, in the same
time—48 gallons, raised 1°; 24 gallons, 2°; 16
gallons. 3°; 12 gallons, 4°; and so on. To this
we may add 1-20th of the whole, for the effect of
heat generated at the surface of the body.
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5. To these direct sources of heat in mines
I have now to add another, which, although
quite unconnected with the operations of the
miner, results from them. This is a cause
which must be of universal operation, yet has
not hitherto, as far as I know, been suspected
to be at all concerned in the temperature of
mines. What I allude to is the lessened capa-
city for caloric, of the air in mines, in con-
sequence of its increased density. It has been
long known that the temperature of the at-
mosphere decreases as we ascend in:it; and
it has been ascertained that the rate of decrease
is about one degree of Farenheit for every 300
feet. The true cause of this decrement was
not well known till lately; but it is now satis-
factorily proved, I think, to be owing to the
different capacity for heat which air has at
different degrees of density. :

As we ascend in the atmosphere, the density
of the air decreases, and its capacity for heat in-
creases proportionably. The converse of course
is true. Of the operation of this principle in
the free atmosphere, there can, I think, be no
question; and it must be equally effective in
the interior of all mines in which there is a free
circulation of air. Every particle of air that
descends into the mine will apparently acquire,
and will exhibit, an increase of temperature
equal to 1° for every 300 feet of its progress
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downward ; and the influence of this extrication
of caloric in heating the interior of mines will not
be the less real, in that the whole of it so extrica-
ted will be reabsorbed by the ascending current.

‘Were there no circulation of air in mines, the
case would be very different, as the stagnant air
must soon acquire the temperature of the me-
dium in which it rested, or it would even acquire
a lower temperature than this, from the tendency
of the cold air of winter to descend, while the
warm air of summer floated at top; and we are
told by Mr. Leslie that this is the case in draw«
wells and other subterranean cavities which are
exposed to the air with open mouths, and in
which no circulation takes place. For a similar
reason, this source of heat can have only a very
indirect influence in those parts of mines where
there is little or no current of air, as in many
of the working galleries; but in every other
situation it must operate according to the depth
of the mine, in the proportion mentioned.

In estimating the heating power of this souree,
it will not perhaps be right to allow one degree
- of increase for every 300 feet, in mines generally,
as this is the maximum that can happen in any
case; and as there are so many situations in which
there is hardly any current, and where, conse-
quently, the increase must be much less, perhaps
it may be sufficient to allow 1° of increase over

the whole of a mine, for a descent of 600 feet.
BB
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Let us now.apply the results of these calcu-
lations to a single mine; and, in the first place,
let us confine our attention to the temperature
of the water, as both the aectual quantity and
heat of this, are nruch more readily estimated
than those of the air. I take Huel Vor as an
example. .

The monthly expenditure of candles in this
mine, as has been already mentioned, is 3000 1bs,
that of gunpowder 3500 Ibs.—the number of
men employed underground 548, of which 180
are constantly there.

Supposing then that the whole of the extra-
neous and artificial caloric extricated in mines
goes to the elevation of the temperature of the
water (and this is allowing, of course, a vast deal
more than the truth), the following will be the
quantity of water, according to the foregoing
calculations, raised every month in Huel Vor
from the mean temperature of 52° to 67°, or 15°

4

Gallons.

- 30001bs. of candles (125 galls. per lb.) 875,000
3500 1bs. of gunpowder (63 galls. per 1b.) 220,500
Friction and percussion - - - - 27,340
Bodies of 180 men - -« - « « - 18140

Total per month, - - 640,980

This is little more than one eightieth part of
the water actually discharged at the adit, of the
temperature of 67°.
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- In the above calculations I have made no
allowance for the 1}° of temperature, which,
according to my previous admissions, ought to
arise from the increased length of the atmo-
spheric column; but I apprehend that some
part -of this must be allowed for the loss of
temperature in the process of raising the water
to the adit-level. _ ‘

I ought to apologize to the soeiety for sub-
mitting to its notice calculations so vague, and
perhaps gratuitous, as the above. My reasons
for doing so are, my anxiety to induce others
to submit the subjects of my rude conjectures
to the test of experiment, and my desire to have
some tangible quantity to base my fufure reason-
ingson. Some of my calculations may be found
erroneous, but I am convinced that, however
erroneous, they afford ample proof of the inade-
quacy of all the artificial and extraneous sources
of heat in mines, to account for the temperature
indicated in them by the thermometer. Hence
it follows, that the natural temperature of the
earth in the mines of Cornwall,at the depths men-
tioned, must be very considerably above that of
the mean of the climate. This conclusion is
_ equally deducible from many facts which have
been observed in mines. The most conclusive
of these, is the high temperature of extensive
collections of water in abandoned mines, or in
parts of mines that have been long abandoned.
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In many cases of this kind it is impossible to
believe that the temperature can have been de-
rived from any other source than the rocky walls
of the cavity in which it is contained; and as
these walls could not derive their temperature
from any foreign source, the conclusion is equally
in favour of the natural high temperature of the
body of the earth at certain depths. An exam-
ple of this kind is given (page 176, k,) in the
account of Botallack mine, where the tempera-
ture of a large isolated collection of water is
stated to be 62° at a depth of about 400 feet
from the surface.

A still stronger instance, perhaps, in support
of the same conclusion, is afforded by the details
of the other submarine mine, Little Bounds
(page 178). This mine' was formerly worked
to the depth of 500 feet. Of late years very
little has been done, and the water has risen to
within 40 fathoms of the adit, where it is kept
stationary by the partial operation of the pumps.
There is thus 2 permanent body of water ex-
tending from the depth of 300, to that of 500
feet below the surface, and to perhaps half that
distance horizontally. This water, as dischar-
ged by the pumps (in 1822), is of the tempera-
ture of 56}°. It is needless to remark that the
daily presence of half a dozen men, and the
daily consumption of a couple of pounds of
candles, and as many of gunpowder, could have
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no perceptible effect in augmenting the tem-
perature of the vast body of water that inun-
dated the lower galleries of this mine. The in-
ference seems here irresistible.

The temperature of 55° was found by Dr.
Davy and myself in the water of the abandoned
mines of Huel Bog and Huel Fortune.

These observations are very similar in their
results to one mentioned by Daubuisson, in his
work on the mines of Freyberg; and the general
inference is greatly strengthened by this addi-
tional authority. The great mine of Kurs-
chacht, worked to the depth of upwards of 1200
feet, had been in a great measure abandoned,
and the water had consequently accumulated in
it in vast quantity, being 360 feet deep, and ex-
tending horizontally 1800 feet. Daubuisson
examined this mine in February, when the ex-
ternal air was of the temperature of 39°, and
found the temperature of this subterranean
lake to be 61°, which is about 10° above the
mean temperature of Freyberg.

I am so much convinced, by experience, of
the fallacy of observations made on the tem-
perature of the air alone, of mines, that T am
not sure if I can quote any single one of those
recorded in my journals, as an unquestionable
proof of the same truth. I think, however, I
may be allowed to consider some of those made
in the culs-de-sac of galleries long abandoned,
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and extending to a great distance from the
shaft, as affording approximations, at least, that
may be depended on. Of this kind, I think,
among the most satisfactory, may be mentioned
those made in Little Bounds (see page 179 f.
and 180 ».), and in Huel Vor, (page 188, g. 4.).
It will abundantly appear from many parts of
my journals that we must rarely admit the
temperature of either air or water in a state of
motion in mines, as indicative of the natural
temperature of any particular place.

I shall not now enter into any detail of ob-
servations made by others, in our own mines, or
those in foreign countries. It may, however,
be well just to state, in passing, that results
very similar in kind have been obtained by
.- Daubuisson in the mines of Saxony and Bre-
tagne, Patrin in Siberia, Humboldt in South
America, and lately by Mr. Bald, in the coal
mines of the north of England. .

In adopting the inevitable conclusion of the
inadequacy of all the extraneous sources of
temperature in mines, at present known to us,
to account for the degree of heat found in them,
and in the water discharged from them, it must
be allowed that this extraneous temperature
has a considerable effect in modifying the results
observed in many parts of them. In proof of
this I may refer to almost every page of my
journals; and I mention it here chiefly for the
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purpose of impressing the necessity of keeping ,

the fact in view, in making future observations in
mines, and in drawing inferences from these
already made.

It is much more easy to be convinced of the
fact of an increase of temperature, than to as-
certain its precise amount, at any particular
depth. Indeed, this part of our enquiry is ex-
tremely difficult, and for several very obvious
reasons. The principal of these seem to be,
1. the impossibility in any part of a mine, of
determining, with any thing like precision, the
exact amount of temperature produced by the

extraneous causes existing there: 2. the ten- .

dency of heated air to ascend, and of water, and
perhaps the gazes from gunpowder, to descend,
thereby carrying the temperature of one part
of a mine into another: 3. the great discrepancy
(perhaps a consequence of the two former
causes,) between observations at similar depths,
in the same mine, or in different mines, under
circumstances apparently very similar. But al-
though almost every page of my journals shews
the difficulty of fixing the precise degree of
temperature at particular depths, I think they
prove irrefragably the progressive increase of
this as we advance downwards.
Every fact observed by myself and others

the mines of Cornwall, and recorded by the gen-
tlemen formerly mentioned, as observed in the

{



208 Dr. ForBes, on the

north of England, on the continent of Europe,
and in America, goes to establish this conclusion;
and it is satisfactory to find that all the obser-
vations hitherto recorded agree in their general
results, as nearly as could be expected in a case
involving so many disturbing causes; and per-
haps it may be, upon the whole, as safe to take
the mean of all the observations, good and bad,
at nearly similar depths, as to attempt any nice
classification of these, which, after all, in our ig-
norance of many essential points, might be less
worthy of confidence than the other. Taking,
then, the mean results of my observations on
the different mines, as given in the last column
of the table, it will be found that the mean rate
of increase is about one degree for every 50 or
60 feet.

This result comes very near that drawn from
the observations of Mr. Bald in the coal mines,
and agrees with the deductions of my friend
Mr. Fox, which have been presented to the So-
ciety. Admitting this as the true result of our
observations, I should be disposed to deduct six
or seven degrees from the extreme amount in
our deepest mines, as attributable to the artificial
and extraneous causes formerly detailed, and
would thus fix the actual temperature of the solid
matter of our earth (in Cornwall) at the depth
of from 1300 to 1400 feet, at from 72° to 74° of
Farenheit.
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Perhaps one of the most conclusive and stri-
king proofs of the increase of temperature as
we recede from the surface of the earth, will be
afforded by the relative temperature of the pump
water of the same mines at different times. The
only trials of this kind that have been made,
to my knowledge, are the following: In 1819
the pump water of Huel Neptune, then of the
depth of 540 feet, was 60°: in 1822, when the
depth was 750 feet, it was 62°. In 1819 the
water of Botallack, then 510 feet in depth, was
62°¢: in 1822, when the mine was 670 feet deep,
it was 67°. No material change in the condition
of these mines had taken place during the in-
terval, except the increase of depth, to which
the augmentation of the temperature could be
attributed.

In making the preceding calculations respec«
ting the rate of increase of temperature in mines
according to their depths, it has been assumed
that the increase commences immediately below
the surface. 'We know however that this is not
the case; a fact which is sufficiently proved by
the copious and permanent springs in every
country, which remain invariably of the mean
temperature of the climate. This fact holds
equally true in Cornwall, not only in the vicinity
.of mines, but in the shallower levels of mines
themselves. At what precise point below the

surface the augmentation of temperature com-
‘ cc
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mences, I am unable to say, with any degree of
confidence; but from a consideration of the in-
fluence of extraneous causes in modifying the
temperature observed in the superior galleries
of mines, and from some particular observations
made by myself, I am disposed to place this
point at about the depth of 200 feet from the
surface.

In concluding this detail of positive proofs
of the natural high temperature of the earth
at certain depths, we might mention several
circumstances observable in mines, which can
hardly be explained on any other theory. For
instance—if the natural temperature of the earth
were not progressively higher as we recede from
the surface, and if all the temperature observable
in mines, above the mean of the climate, was
owing to extraneous causes, we ought to find
the lower galleries of shallow mines, or the upper
galleries of any mines in which men were em-
ployed, of as high a temperature (or higher) as
the lower galleries of deep mines. This ought
especially to be the case in dry mines, in which
the carriers of caloric upwards are much greater

. than the reverse ones. But the fact is very re-

mote from this, as we invariably find that of two
galleries which agree in every circumstance save
that of depth, the deep one is much warmer
than the shallow one. I speak here of consider-
able differences of depth; my journalssufficiently
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show that in thc case of slight differences, the
reverse.of what I have stated is frequently the
fact.

In admitting the high temperature of the in-
terior of the earth as a fact, it cannot be denied
that very strong arguments can be brought
against its probability. The most formidable
objection to it appears to me to be the difficulty
of accounting for the actual temperature of the
very superficies of the earth, which is proved tobe
the same as the mean atmospheric temperature
of each particular country. On a first view of
the subject it would seem that, with so high a
degree of temperature at so small a depth, the
very crust of the earth, in place of being of the
mean temperature of the external atmosphere
only, ought to be the mean of this and of the
internal temperature together.

‘Whether or not, in the event of there being
an internal high temperature, the cooling power
of the incumbent atmosphere, combined with
the power of radiation of the earth’s crust, be.
sufficient to cool down and keep at the degree
of. temperature observed near the earth’s sur-
face, I am unable of my own knowledge to say;
but I am informed that this has lately been at-
tempted te be proved by a French philosopher.
Will the same principle of refrigeration explain
the fact, of the temperature in mines being un-
influenced by difference of elevation above the
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sea-level,—a fact, by the way, which seems not
readily reconcileable with the doctrine of in-
ternal heat? The mines of Saxony, situated
1500 feet above the level of the sea, are of equal
warmth with those of Cumberland and Corn-
wall, which are below the sealevel. Will it also
account for the very high temperature of the
South American mines, as recorded by Hum-
boldt, situated at the height of 7000 feet above
the level of the sea? And will it accord with
the well-known fact of the very low tempera-
ture of the water of the ocean, and of lakes, at
very great depths?

It is not my intention on the present occasion
to enter into any minute or elaborate inquiry
respecting the probable origin of this internal
heat, the existence of which seems to be now
unquestionable. Before concluding this paper,
I must, nevertheless, beg leave to make a few
observations on the subject.

In proposing any theories for the explanation
of this fact, it must always be borne in mind
that we have not merely to account for the
existence of a certain degree of temperature at
a certain depth in the interior of the earth, but
also for the constant renewal or supply of this
temperature, to compensate for its incessant
dissipation at the surface. It is certain that,
however circumstances may modify the trans-
mission of caloric, nothing can destroy its ten-
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dency to produce an equilibrium of temperature
in contiguous bodies. It is, therefore, obvious
that, however high the temperature at which the
earth might have been formed, it must have been,
within a certain time, cooled down to the mean
heat of the atmosphere in which it was placed.
If then it be true that at certain moderate
depths under the surface, the earth continues
to be of a temperature very considerably above
the mean of the atmosphere at its surface, the
conclusion is irresistible, that there must even
now exist some means of constantly renewing
the supply of caloric in the interior of the earth.

In contemplating the subject in this point of
view, there occur to me only the following modes
of accounting for the facts, with any adherence
to probability. 1. The existence of a perma-
nent source of heat in the interior of the earth.
This source we may conceive to be confined to
the very centre of the globe; or we may conceive
the caloric process to be diffused throughout the
whole mass, or restricted to a nucleus of a greater
or less radius,—or to an investing stratum of a
determinate depth under the surface. 2. We
may imagine, with my friend Mr. Fox, that there
is a perpetual flow of aqueous vapour from the
centrical parts of the earth to the surface, occa~
sioning the high temperature of mines, by the
evolution of the latent heat of the vapour on its
condensation into water. 3. We may consider
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the whole mass of the earth as possessing merely
the mean temperature of the atmosphere on its
surface, and the superior heat of mines as caused
by extraneous and artificial causes, or by pecu-
liarities of climate. Lastly, we may, in addition
to the last supposition, conceive that the supe-
rior temperature of the tropical regions has
acted, and continues to act, as a constant source
of supply to the interior of the earth generally.

The two latter theories, which would derive
the augmented temperature of the interior of
the earth from known and obvious causes, would
‘have greatly the advantage of the others, in
a philosophical point of view, could they be
brought to explain the facts which prove the
increase of temperature in proportion to the
depth.

Whatever may be the temperature of the
earth at great depths, there does not appear
much reason to doubt the general opinion en-
tertained by meteorologists, that at certain mo-
derate depths, the permanent temperature is
precisely, or nearly, that of the mean atmosphe-
ric temperature at each particular place. It
would also appear that this temperature is de-
rived from the solar impressions on the surface.
Perhaps we may admit 50 feet as the limit be-
yond which the impression of any individual
scason does not extend. I have already given
it as my opinion, that no positive increase above
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the mean of the climate can be detected above
the depth of 200 feet. Admitting these points,
we may, therefore, consider the earth as invest-
ed with a crust 100 or 150 feet thick, having a
certain permanent temperature in every parti-
cular latitude, but varying in degree as this
latitude is more or less remote from the equator.
The particular temperature of this crust in
every latitude (abstracting, for the present, the
consideration of the heat of the bottom of the
ocean) is, of course, that of the climate of each
latitude. The mean of the whole has been cal-
culated by Mr. Leslie to be 66,8°. of Farenheit;
and this is the degree of heat which he considers
the centrical parts of the earth ought to possess,
on the supposition that the whole of this has
been derived from the surface.

Admitting this calculation to be correct, it
becomes a matter of inquiry (in the first place),
at what depth in any particular climate we may
expect to reach this mean temperature of 66,8°;
whether we have reached it in any of those
countries where mines are worked ; and, if so,
whether this degree of heat, combined with that
from extraneous causes, will account for the
actual temperature of mines ?

Secondly, it may be a proper subject of in-
quiry, whether, on the supposition of the whole
internal heat of the earth being derived from
the surface, the amount of this heat generally,
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or in particular places, may not be modified by
the different conducting powers of the solid
matters of which the earth is composed; by the
relative extent of these matters; and by their
mode and extent of communication with the
surface. An ingenious friend of mine (Mr.John
Barton) thinks it possible to account in this
way for the high temperature of mines in
northern climates,—conceiving that the heat of
the equatorial regions may be conducted through
the mass of the earth much faster than it can be
carried off by the surface. The explanation is
ingenious, but seems to me attended with many
difficulties.

Before leaving the subject of the relative con-
ducting powers of the matters which compose
the earth, I think it may be worthy of consi-
deration whether, admitting the great heat of
the earth at great depths (whencesoever de-
rived), some part of the high temperature of
our mines may not be explained by the nature
of the contents of the lodes. It is well known
that metals are better conductors than stones.
If this holds good in the state of oxydation and
combination, in which the former are found in
nature, (a circumstance which may be easily
proved by experiment,) their power of influen-
cing the temperature of mines becomes ex-
tremely probable, more especially as their infe-
rior limit has never yet been traced.
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If there be any truth in the general opinion
of miners, that copper mines are warmer than
tin mines, will this be in any way explained by
the relative conducting powers of the two mi-
nerals? If there is any foundation for this no~
tion, mines having large and rich lodes ought
to be warmer than those with smaller. The
nature of the country (rock) ought also to occa=
sion a difference in the heat of mides. Granite,
I apprehend, is a better conductor than killas :
ought not a mine situated in the former, to be
warmer than one in the latter! Shafts and gal
leries, also, cut through the country, ought to be
colder than those driven on the lode. Mr. Fox
is of opinion that this is actually the case; and
some of my own observations seem to counte-
nance the same idea; but I doubt whether we
have any certain proof of the fact.

Note. I perceive that in the hurry of tramscribing my remiarks on
the internal economy of the mines, in the first part of my paper, some
errors have escaped my pen which I mast here correct.

Inpage 164, it is intimated that one pair of men generally undertake
the work of a particular gallery. It shonld have been observed, that
only one pair can work in the extremity of a gallery, for there are in
general, several pairs, stoping, of working horizontally, both over-head
and under-foot, in each gallery.

In page 167, it is said that all the water of a mine finds its way to
the sump. I should have said that all the water of the deepest level
finds its way to the sumip, The water from the upper levels is received
into cisterns placed in different parts of the shaft, at the termination

of each tier of pumps, from whence it is drawn to the adit, LE
o &
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