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OF the tin and the tin-mines of Cornwall, we 
have abundant sources of information ; and by 
the aid of authentic history,—of inference,—and 
of tradition, corroborated by existing remains, 
they may be traced back to a very remote period 
of antiquity : but the accounts which are come 
down to us of the production of copper, either 
in Cornwall or in any other part of Great 
Britain, prior to the seventeenth century, are 
very scanty, and in many respects doubtful; 
and tradition,generally fertile enough, affords us 
very little assistance on this subject. 
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36 MR. CARNE, on 

Although the ancient Britons were well 
acquainted with the uses of brass, of which 
most of their weapons of war appear to have 
been composed, we have no reason to believe 
that at the period of the Roman invasion, they 
either knew the art of making it, or were aware 
that their own island contained immense stores 
of the metals of which it was composed. Their 
brass was all imported, probably from Gaul, 
where its composition was known long before' 

The Romans, who were well acquainted with 
the art of making brass, erected brass founderies 
in several parts of Britain.t The copper used 
for this purpose, it is natural to suppose, must 
have been found either in veins, or bunches, 
contiguous to the surface, or at a very small 
depth under it, as the circumstances under 
which the Romans possessed the country, aa 
well -as their want of the means of penetrating 
far into the earth, forbid the idea of regular or. 
extensive mining. Very few instances have oc-
curred in Cornwall of the existence of Copper_ 
contiguous to the surface, and none of any 
magnitude: there are therefore no remains 
whatever of the operations of the Romans in. 
any of the copper mines of Cornwall, or in any 
part of it where such mines can bp supposed. 
to have formerly existed. 

• Cant, Lib. 5. t Borlase's Antiq. Lib. 3, Cap. 13. 
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Copper Xining in Voknwall. 

It is probable that all the mining operations 
of the Romans, were carried on by means ac 
the Britons, and that the tools used. in thole 
operations were of the same kind as those, 
which they had been accustomed to employ 
hefore they were brought under the Romaa 
yoke. Wooden tools of different kinds, and 
of antique forms, have been found in the tin 
stseam-works of Cornwall, but no suck took 
have ever been found in the old workings of the, 
copper mines, nor are there in any of those 
mines the marks of ancient mining, such as 

coffins, or chasms open to the sun, which_ are 
so common in the tin mines, except in those 
which are known to have produced tin as well 
as copper.* 

Where appears to be only one spot in Britain 
where copper could have been, procured in great 

• An instance of the top of a copper lode having been taken away 
for the sake of the tin which it contained, occurs at Hnel Damsel and 
• Spiaster copper mines. The granite walls of the lode are stilt 
*able at the int face, and to the depth of three or four fathoms, hav-
ing's space of about four feet between them. It is probable that, if 
the rubbish were taken away, the space would be found to extend to 
the depth of perhaps ten fathoms, or as deep as the ancient zoinere 
could go without being obstructed by water. From this space the fine 
'man of th• copper lode was wholly taken away, and the tin-ore 
extracted from it. 

Goasan has been returned for the sake of its tin within the recollec-
tion of some of the oldest miners now living; but at present the 
expense of extracting the small quantity of tin contained in paean Is' 
so great, in comparison of what it costs to obtain it from other sources; 
that I believe nothing is now done in that way. 
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38 Mi. CARNZ, on 

abundance near the surface,—The Isle of 
Anglesea. From the vestiges of ancient opera-
tions remaining in Mr. Pennant's time, there is 
little doubt but that the Paris Mountain was 
partially explored by the Romans.* Tradition 
still designates one part of the Mountain as 
" the Roman Work." 

It appears probable therefore, that the time 
of the occupation of Britain by the Romans was 
the earliest period in which copper was produced 
in this country, and the Paris Mountain, the 
spot where it was first discovered. 

For several centuries, after the departure of 
the Romans, it may be supposed that the con-
fusion caused 'by the frequent invasions of the 
Saxons and Danes, and by the rapid change of 
Governors, must have prevented the Britons 
from paying much attention to mining. Even 
so late as the thirteenth century, Cumberland 
was the only part of Great Britain productive 
of copper, of which there are any records. At 
Newlands, near Keswick, some rich veins of 
copper were wrought about A. D. 1250, as 
appears from the close rolls of Henry the third.f 
It appears also from a charter granted to 

• Pennant's Wales, Vol. 3, page 59. 

t Camden says of these copper-works that " they were not only 
►' sufficient for all England, but great quantities of copper were expor-
gg ted every year." This account, if taken literally, would give us 
far higher ideas of those works than they probably deserved. 
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Copper Ifininrin Cornwall. as 
Keswiqk by Edward the fourth, about A. D. 
1470, that that place was then famous for copper 
works.. Some of these works were again opened 
in Camden's time, about A.D. 1580. His com-
mentator adds, " The works were, destroyed and 
° the miners killed in the civil wars."* 

Ecton Hill in Staffordshire appears to have 
been another spot where copper was produced 
in great abundance previous to the era of copper 
mining in Cornwall. Dr. Plot, who published 
his History in 1686, says it had been worked 
long before that period.t It is also recorded as 
the mine in which gun-powder was first used in 
England, about A. D. 1670. This mine might 
possibly have been wrought at a much more 
ancient period, as the ore appears to have been 
originally found very near to the surface. 

It is very difficult, if not impossible, to 
ascertain the period when brass was first manu-
factured from. British copper, but we find that 
in the reigns of Henry the eighth, and Edward 
the sixth, Acts of Parliament were passed, 
prohibiting the exportation of brass, copper, &c., 
and the reason assigned furnishes a sufficient 
proof of the small quantity of copper at that 
time produced in Great Britain,—" Lest there 

should not be metal enough left in the kingdom 

Gough's Camden, Vol. 3. pp. 169, 170, 174, 182. 
t Plot's Kist. of Staffordshire, page 165, 
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Mit. Cattit, bh 

fit for making of guns and other buil-ties of 
" war, and for household utensils."'" 

So early as 1565, a Patent was granted by 
Queen Elizabeth, for making brass, to perions 
Who, in 1568, were incorporated as " the Society 
" for Mineral and Battery works "t yet it can= 
not be doubted that most of the copper made 
{Ise of fbr this purpose at that time, was impor-
ted into Britain. Indeed at a much later period 
the produce of copper in Great Britain must 
have been very small, for about A. D. 1708, 
the brass manufacturers, in a memorial pre-
Wnted to the House of Commons, stated that 

England, by reason of the inexhaustible -
" plenty of calamine, (not of copper) might 
" become the staple of brass manufactory for 
" itself and foreign parts, and that the continu-

ing the brass-works in England would occa-
" sion plenty of rough copper to be brought 
" in.": It was not until about 1720, that it 
could be stated that this country could supply 
itself with copper of its own produce, if such 
duties were laid on foreign copper as would 
discourage its importation. 

I am not aware of any records of the produc-
tion of copper, or of copper mines, in Cornwall, 

• 21 Hen. 8, c. 10,33 Hen. 8, c. 7.-2 and 3 Edw. 6, c. 37, 
quoted in Watson's Chem. Ess. vol. 4. page 75. 

t Idem, page 69. Idem, page 72. 
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until the latter part of the sixteenth century. 
Camden is the earliest author to whom we can 
refer, and the only fact mentioned by him 
relative to copper, may easily be proved to have 
been incorrect. Speaking of the promontory 
Bolerium, he says, " on the outermost rocks of 
" this headland at low water are to be seen veins 
" of lead and copper :"* but as there are not at 
present any veins of either of those metals near 
the Land's-end, and as the veins which are now 
to be seen there have never been explored, and 
present no symptoms of the existence of either 
copper or lead; they must have been in 
Camden's time (about 1580) just what they are 
at this day. 

Norden probably comes next in the order of 
time.- He asserts that, at the period when he 
wrote his " Survey," copper much abounded in 
the Duchy ;: and, in an address to King James 
at the end of his book, he informs his Majesty 
that if the copper works were taken into his 
own hands, and were properly managed, the 
quantity produced would far exceed that of tin. 

• Gough's Camden, vol 1. page 3. 
1. It is doubtful whether Norden's, or Carew's Survey was first 

written. Carew's is referred to by Norden, but from their Memoirs, 
prefixed to their respective Surveys, it will appear probable that 
Norden's was written in 1584, whilst Carew's was not finished in 1586. 
Norden might have made some additions after Carevies was published,.
in 1602. 4 Page 9. 
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4! Mi. CARNE, on 

The correctness of Norden's general informa-
tion on this subject will perhaps be doubted;
when it is shewn that, in nearly all the parti-
cular ,instances which he mentions, he was 
probably mistaken. In the first place, he states 
that there " is great store of copper and copper 
" mynes about Moruah, Sener, and Lalante,"* 
" and in another part, he says " Sener is a 
" parish vpon the north sea, where are copper 
" mynes verie riche."t Of Lalante, he observe); 
" in another place, " Here are greate store of 
" tynn and copper mynes.": It. is hardly 
possible that those statements could have been 
correct. In Morvah, I believe copper is scarcely 
known, nor are there any veins in that parish 
which have probably yielded copper at any 
former period. In Zennor, I apprehend that 
copper has never been discovered, except in 
trivial quantities, in the narrow strip of green-
stone which borders the coast, and it has been 
almost equally rare in Lelant ;§ and in neither 
of those parishes are there any vestiges of 
ancient works, except those of tin. 

Afenege in Kerrier, Norden also calls " a 
frutefull place for tynn and copper:1i I can-

• Page 40. t Page 41: Page 43. 
In that part of Lelant which consists of clay-slate, there aro 

undoubtedly copper veins, some of which have been perdally explored 
within the last thirty years. 

1 Pegs M. 

42 MR. CARNE, on

The correctness of Norden's general informa

tion on this subject will perhaps be doubted,

when it is shewn that, in nearly all the parti

cular instances which he mentions, he was

probably mistaken. Inthe first place, he states

that there " is great store of copper and copper

mynes about Moruah, Sener, and Lalante,"

" and in another part, he says " Sener is a

•2

parish vpon the north sea, where are copper

mynes verie riche." Of Lalante, he observes

" in another place, " Here are greate store of

"tynn and copper mynes." It is hardly

possible that those statements could have been

correct. In Morvah, I believe copper is scarcely

known, nor are there any veins in that parish

which have probably yielded copper at any

former period. In Zennor, I apprehend that

copper has never been discovered, except in

trivial quantities, in the narrow strip ofgreen

stone which borders the coast, and it has been

almost equally rare in Lelant ; § and in neither

of those parishes are there any vestiges of

ancient works, except those of tin.

66

66

66

66
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" frutefull place for tynn and copper." I can

* Page 40. + Page 41. + Page 42.

§ In that part of Lelant which consists of clay-slate, there are

undoubtedly copper veins, some ofwhich have been partially explored

within the last thirty years.

Page 49.
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not learn that tin has ever been &find in that 
atria: there ire no remains of ancient tin 
Works) there: Some small bunches of native' 
Copper, and of the wade and carbonate' of 
copper, hive been found' there; but iaaire 
never heard of the existence of any regular' 
vein's of the ordinary copper-orei of ornwall :'
hideed the whole quantity whicb bas been' 
discovered within the last hundred years., of 
perhaps a longer period, would amount to but 
Very :few tons. Thereat of the principal part 
of this district, which consists chiefly of serpen-
tine and porphyritic sienite,* is not considered 
favourable to the existence of either' tin. or 
copper. 

Carevea information' on the subject is very 
confined. Ile only obServes that copper- was 
aft that period (1586) found in sundry places, 
and die ore of one Mine, Which he visited, 
shipped to be refined hi *ales4 

These scanty accounts, incorrect as they ap-' 
pear to be in their circumstantial` parts, are yet" 
sufdcient to prove that copper.:ore was *dn..-
ced in Cornwall at that period, and that a few in-

* The appearance of these rocks might have deceived Norden 
match mire easily than that of the granite and greenstone rocks of 
" the before-mentioned parishes, of which he says " The clytTes.
" betWeneilfis place (Penden. vows in St. Just) and St. Ithes doe 
" gliter as if then were much copper in them." (page 40.) 

t Carevhalurvey, page 7. 
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44 MR. CARNE, on 

dividuals (probably strangers) were acquainted 
with its value, and profited by their knowledge ; 
but it cannot be doubted that even at a much 
later period, the Cornish miners in general 
knew little of the nature and value of copper-
ore, as it is a well known fact that, in the 
latter part of the seventeenth century, it was, 
in several cases, sold under the name of Poder, 
for a trifling sum per ton.* 

On the whole therefore it appears probable 
that previous to about A.D. 1700, the copper-
ore produced in Cornwall was principally, if 
not wholly, from the tin-mines, or at least from 
mines which were originally wrought for tin : 
and although it is by no means correct that 
" it was not until the latter end of the seven-
" teenth century that copper-ore was first dis-
" covered in Great Britain," as was stated to 
a Committee of the House of Commons in 
1799, t yet that appears to have been the 
period when mines were first set at work in 
Cornwall, purposely for copper. This is cor-
roborated by the fact, that although, as has 
already been observed, a charter for making 
brass was granted as early as 1595, it was not 

• Borlase, Nat. Hist. page 205. Long after this period, the rich 
black copper-ore was left untouched by the workmen, from ignorance 
of its value. An instance of this occurred in Huel Jewel not more 
than fifty years ago. 

t Report of the Committee, page 47J 
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until 1691 that a charter was granted (to Sir 
Joseph Hearne and others) for refining and 
purifying copper. Another circumstance which 
tends to the same conclusion is, that the copper 
money of Great Britain was not coined from 
British copper until A.D. 1717.* 

From the period above-mentioned, the quan-
tity of copper produced in Cornwall has gradu-
ally increased. Pryce informs us t that from 
1726 to 1735 the average annual produce of 
copper-ore exceeded 6,000 tons, which probably 
yielded from 800 to 1,000 tons of copper, as the 
inferior ores were, at that period, generally 
thrown aside. In 1770, the quantity of ore had 
increased to 27,000 tons, which yielded, accor-
ding to existing documents, about 3,200 tons 
of copper. The subsequent increase, to the 
present time, may be seen in the appendix to 
the present and the preceding volumes of the 
Transactions of this Society. 

In 1768, the immense riches of the Anglesea 
mines were discovered. Those mines, about 
1784, produced 3,000 tons of copper annually. 
About the same period, that most singular masa 
of copper-ore at Ecton Hill was discovered. 
Its richest period was about 1780. 

Although both the Anglesea mines and 

• Lord Liverpool, on the coins of the realm. 
t Mineralogia, Introd. page 11. 
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Ecton Hill have not for many years past 
produced 1,000 tons of copper per annum, the 
copper of Cornwall has increased in a far 
greater proportion than that of those mines 
has diminished : Devonshire also began to pro-
duce copper about the end of the last century, 
acid within a few years, Ireland has produced a 
considerable quantity. From these two sources 
about 1000 tons per annum have lately been 
added to the general produce ; but large as the 
quantity has been of late years, there appears 
to have been a demand for, and a consumption 
of, the whole. 

These remarks on the period of the com-
mencement of copper mining in Cornwall, may 
perhaps not be considered wholly unappro-
priate, as an introduction to the improvements 
which have been made in the general system 
and mode of mining. For the great consump-
tion of copper (and tin also) at the present time 
is doubtless owing principally to the low 
price at which it can be rendered to the con-
sumer ; and this depends chiefly on the expense 
of its production.* Every thing therefore which 
has a tendency to lessen this expense, has also a 
tendency to increase its consumption. 

• The expences of smelting copper-ore, and of manufacturing the 
copper, are, of course, closely connected with the cost of raising the 
ore from the mines; and in these, a' material diminution has taken 
place within the last twenty years. 
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A short extract from a communication made 
to the Royal Society in 1671, will shew the 
system of mining which then prevailed, as well 
as the only machines which were then in use. 
The whole paper is exceedingly curious, and 
well describes the tedious and laborious mode 
9f mining pursued at that period.* After 
describing the steps which were taken in order 
" to discover lodes, the writer proceeds " when 
" we have found our load, the last „Essay hatch,t 
" exchanges its name for that of a Tin shaft or 
" Tin hatch, which we sink down about a 
" fathom, and then leave a little, long, square 
" place termed a shamble, and so continue sink-
" ing from cast to cast(i. e. as high as a man can 
" conveniently throw up the ore with a shovel) 
" till we find either the load to grow small, pr 
" degenerate into some kind of weed, as mnp-
" dick or maxy, &c. Then we begin to drive 
" east and west, as the goodness of the load, or 
" convenience of the hill, invite, which we term 
" a drift, three foot over and seven foot high, 
" but in case the load be not broad enough of 
" itself, then we usually break down the dead:, 
" first on the north side of the load (for the 
" greater conveniency of the right arm in work-
" ing) and then we begin to rip the load itself." 

• Pltilos. Trans. Vol. 6, page 2087, am. 
t Now called costeening 
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48 MR. CARNE, OX some 

" The beele-men rip the deads and ore: the 
" shovel-men carry it off and land it by casting 
"it up with shovels from one shamble to 
" another ; unless it be when we have a winder 
" with two keebles (great buckets made like a 
" barrel with iron hoops, placed just over the 
" then termed wind hatch) which, as one comes 
" up, the other goes down." 

" When we are come at any depth and find 
" the water begin to annoy us, we descend to 
" the bottom of the hill, where we have that 
" conveniency, and at the lowest place begin a 
" little drift on a level, till we come up to our 
" work ; but when we once pass that level on 
" which our adit runs, and the water begins to 
" trouble us, we have this remedy,—either with 

winder and keebles, or leathern bags, pumps, 
" or buckets, to get it up to the adit level, and 
" so we are enforced to do to the very top when 
" we have not the convenience of an adit." 

It appears from this quotation that the earli-
est mode of getting the ore and deads, or rub-
bish, from the mine, was by shambles.* The 
first machine used for drawing either water or 
ore appears to have been the windlass. There 

• The term shammal, of which we have here the origin in the word 
shamble, is still applied to Steam Engines which receive the water 
of a mine from other Engines, and raise it to a higher level, or to 
the edit. 

48 MR. CARNE, on some

"The beele-men rip the deads and ore : the

" shovel-men carry it off and land it by casting

" it up with shovels from one shamble to

" another ; unless it be when we have a winder

"with two keebles (great buckets made like a

" barrel with iron hoops, placed just over the

" then termed wind hatch) which, as one comes

up, the other goes down."

" When we are come at any depth and find

" the water begin to annoy us, we descend to

" the bottom of the hill, where we have that

conveniency, and at the lowest place begin a

" little drift on a level, till we come up to our

" work ; but when we once pass that level on

" which our adit runs, and the water begins to

" trouble us, we have this remedy, —either with

" winder and keebles, or leathern bags, pumps,

" or buckets, to get it up to the adit level, and

so we are enforced to do to the very top when

66 we have not the convenience of an adit."

68

66

66

It appears from this quotation that the earli

est mode of getting the ore and deads, or rub

bish, from the mine, was by shambles.* The

first machine used for drawing either water or

ore appears to have been the windlass. There

* The term shammal, of which we have here the origin in the word

shamble, is still applied to Steam Engines which receive the water

of a mine from other Engines, and raise it to a higher level, or to

the adit.



Improomente 1* Mining. 141,

seems to be no reference to the whim of 
whimsey 41 It is possible that the pumps and 
leathern bags may refer to the simplest kind of 
water-engines. 

We need not, however, go back so far sal 
the date 9f this communication, for until little 
more than half a. century ago, the art of mining 
in Cornwall, (for it could scarcely be called a 
science) as well as the sciences most nearly 
connected` with it, had continued almost sta-
tionary,, within the recollection of the oldest 
inhabitants. With few exceptions, the mode' 
Which. had been pursued by their ancestors 
was almost superstitiously followed by the 
miners; without any enquiry into its prin-
ciples, or the' possibility of its. amelioration ; 
but since that period, numerous improvements 
have been made in mining, and in almost every 
thing connected with. it. 

Ai description of the most important' of these' 
improvements may be conveniently arranged 
under the heads, 1. Machinery: 2, Economy: 
3. Geology. 

1. MACHINERY. 
The invention of, and the subsequent im-

plovements in, the Steam-Engine, form the 
ir 'the original Whim was one of the clumsiest machines imagina-

ble : instead of turning on a pivot, it rested on a framework of stone 
on'which it was drawn round. The remains of the framework of 
seine bf these machines are salt visible in St. Jett. 

VOL. 1II. 
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principal objects of notice under this head. 
The first steam-engine in Cornwall was 

erected on Huel Vol; a tin mine in Breage, 
which was at work from 1710 to 1714. Whe-
ther this was Savary's or Newcomen's is doubt-
ful, as Newcomen's engine does not appear to 
have been much known before 1712; but it 
subsequently came into general use in the 
Cornish mines, and has been since known under 
the name of the old atmospherical engine. 
This machine continued in use long after Mr..
Watt obtained a patent for the engine which 
bears his name (1769) ; but when the merits of 
the latter became generally known, it speedily 
superseded all others, and no subsequent inven-
tion has hitherto been able to displace it. 

Mr. Watt's great improvements in the steam-
engine were,—condensing in a vessel distinct 
from the working cylinder, with the necessary 
use of an air-pump,—and making steam the 
moving power instead of the atmosphere. 
By those contrivances the working cylinder 
is always maintained at a temperature equal 
to that of the steam ; and as the condensing 
vessel is, on the other hand, essentially kept 
cool, the vacuum must obviously be produced 
by mechanical means, and not through the 
medium of steam. Mr. Watt, in the course of 
long experience, made various other improve-
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ments of less importance to the great engines 
used for drawing water out of mines ; but most 
essential ones to those employed for giving 
rotary motion to machinery. 

No sooner had steam superseded the atmos-
phere in forcing down the piston, than it 
became obvious that the same power might 
be used for urging the opposite surface of the 
piston in its ascent ; hence the double engine, 
invariably preferred in the operations of manu-
facture, and sometimes adopted in mines, for 
the economical purpose of using it either single 
or double, as a smaller or greater power may be 
required; but here a difficulty arose requiring the 
genius and habits of Mr. Watt for being speedily 
overcome. In the down stroke, it was easy to 
conciliate an exact perpendicular motion of the 
piston with the angular vibration of the great 
beam, by adding to the beam a circular head, 
and .by attaching to the piston-rod a flexible 
chain ; but in the ascending stroke, when the 
great beam must be driven forward, and not 
drawn, the circumstances become quite changed. 
These were however completely met by the 
parallel motion. 

Mr. Watt has also the merit of having sus-
pended the great beam on axes,--of having 
cased the cylinder,---and of having introduced 
an almost unhoped for degree of perfection in ' 
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boring the cylinder, and in ,the mechanical con-
iltxuction of every part. 

The late Mr. Jonathan Hornblower, of 
Penryn, suggested what he considered an -
provement in the construction of the steam-
engine, by interposing a second working cylin-
der, essentially of a larger capacity than the 
first, between it and the condensing apparatus, 
and thus causing the steam to act a securgi 
time, by expanding itself over another piston ; 
but from the reduction of the temperature (and 
consequently of the force) of the steam ex-
pended in the second cylinder,—from the 
increased friction,—and perhaps from other 
causes, this contrivance, specious and even 
philosophical as it appeared in theory, does not 
appear to have succeeded in practice. One of 
Mr. Hornblower's engines was erected on the 
Wherry mine near. Penzance. 

Various attempts have been made to raise 
the temperature of the steam higher than bed 
ever been done in Mr. Watt's engines ; prin-
cipally by altering the boiler : for, great as his 
improvements were, the form of the boiler in 
his engines,—that of an immense trunk, which 
would not admit of an equal pressure of the 
steam on all its parts, was not adapted for steam 
of very high temperature, without considerable 

dange.r. 
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in Mr. Woolf's engines, there ate: twO 
eylawlens, net for using the steam twice ow* 
as Mr. Hem])lower did, but for employing it to 

better advantage, (for which a Patent was 
grant, eel to him in 1804). In some of these, 
the boilers are of east iron, and of a mama 
smaller size than had been used by Mr. Watt 
and in others, cylindrical boilers of wrought 
iron are used : in both oases, the steam may be 
raised to a high temperature. Several of these 
engines have been erected on the mines of 
Cornwall. 

Mr. Trevithick's engine, for which he obtained 
a Patent in 1802, has not been much used in 
Cornwall,* but he appears to have been the 

• I have been favoured with the following remarks on this engine. 

4 The advantage of using steam at higb degrees of elasticity is re-
" lily deduced from the doctrine of latent heat. Dr. Black ricer. 
" gained that water actually brought to boil, required about four and 
" an half times as much heat (that is, the consumption of four and an 
" half times as much fuel) for its conversion into steam, as would have 

raised the same quantity of water from the freesing to the boiling 
" point ; whilst an increase of about 40 deg. Fah. in the temperature, 
" above 212 deg. doubles the power of steam. The capacity of 
"steam for heat, as compared with water, is said to be somewhat 
" more than one and an half, in 1,55 ; consequently the 40 deg. of 
" steam will correspond with 62 deg. of water : but to convert boil-
" ing water into steam requires 810 deg. or about 18 times as much 
44 Aleut, or a 18 times greater consumption of fuel. 

" On this principle a modification, rather than an improvement, 
" kas been made of the steam.engiue by Mr.R.Trevithick, applicable 
" to many useful purposes, on account of the simplicity of its con-
" struction, and easy transfer from place to place as circumstances 

. . . 
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first who introduced a boiler of the form of a 
long cylinder, subdivided into tubes, by which 
the boiler might be almost said to surround 
the fire, and a large surface is exposed to the 
sane. In these boilers (which were made of 
wrought iron plates) the steam was raised much 
above the temperature, and consequent elas-
ticity, at which it had previously been used. 
Many alterations and improvements have been 
made in these boilers since they were first intro-
duced: they have now only one large tube, 
which' extends in length throughout the boiler. 

The steam-engine itself may therefore be 
considered as very much in the state that Mr. 
Watt constructed it. The only real improve-
ments being an alteration in the form of the 
boiler, and the placing the fire place in the 
boiler, in order to raise what is generally called 
high steam : and with these improved cylindri-
cal boilers, Mr. Watt's single engine may be 
considered, under all circumstances, superior 
to any which has been since invented. Some 
economical improvements, which have nothing 

" may require. In this machine steam is used at high degrees of 
" temperature, and instead of being condensed, it is allowed to 
" escape into the air. Here is ,obviously a loss incurred of one 
" atmosphere on the pressure; but this loss appears to be frequently 
" compensated, especially in small machines, by the conveniences 

alresdy mentioned, and also in cases where condensing water can. 
"notreadily be obtained." 
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to do .with the construction of the engine, will) 
be mentioned under the next head. 

2. ECONOMY.' 
The first improvement worthy of notice, un-

der this head is the alteration of the fire-place of 
the steam-engine, which took place about 1812.,
It was previously thought that the heat con-
veyed to the boiler would be in proportion to 
the depth of the fire. In Poldice mine the 
fire-place of one of- the engines was seven feet 
deep. In the United mines it was eight feet : 
this 'depth was gradually diminished to a foot 
and half,* and by paying proper attention to 
keep the fire always clear, and regularly sup-
plied with fuel, the quantity of steam. raised 
was quite as great as the immense fires had 
previously produced. The diminution in the 
expense of coal in those engines was, in con-
sequence, equal to two thirds of the previous 
cost.

The knowledge of the following fact will 
excite surprise that this alteration was not 
made earlier, and indeed that such immense 
fires were ever thought of in Mr. Watt's
Engines. Mr. Smeaton, the celebrated archi-
tect of the Eddystone light-house, had the 
management of one of the old atmospherical 

• In the cylindrical boilers, the depth of the fire is frequently 
set: more thee 9 inches. 
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expense of coal in those engines was, in con

sequence, equal to two thirds of the previous

cost.

The knowledge of the following fact will

excite surprize that this alteration was not

made earlier, and indeed that such immense

fires were ever thought of in Mr. Watt's

Engines. Mr. Smeaton, the celebrated archi

tect of the Eddystone light-house, had the

management of one of the old atmospherical

In the cylindrical boilers, the depth of the fire is frequently

not more than 9 inches.

1
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etigineiriniCharewatec min% in whirthrhierintbo. 
duced a shallow fireplace previous to the axis-
tence of Mr. Watt's patent I have been 
informed that the work done by this engine 
Was, nearly equal to what was performed by thev 
first single ‘engines. of Mr. Watt., (of the same 
size) with the original, boiler: and yet. It cannoti 
learn that a similar. alteration was madein aay 
other engine. Such was the difficulty,- at that:
period, of introducing any change whatever. 

The contraction of the fire-place Has 'not 
only lessened the mass of fuel, but, with& Tittle: 
alteration, it has greatly increased! the draught.1 
A method has been adopted in Pednandrea. 
Mine with a view of increasing: the draught,
still further, by erecting a chimney 140 feat 
high, into: which a. communication is made from,
thefireplace of the steam-engine. 
.2. A considerable saving has been effected) 

by the simple method of placing a small machine 
called a counter, on the main beam of the steam-
engine, by which it may be easily ascertained: 
how- often the piston goes up and. down in 
the: cylinder, and, with the knowledge of the 
diameter of the boxes, the length of the stroke, 
and the height of the lifts of pumps, it may be 
known by an easy calculation, how, much water, 
is drawn up by the use of a certain quantity of 
coal. The counter was originally fixed. on the, 
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steam-engine by Mr. Watt, (and was probably 
invented either by him or by some person in 
his employment) in order to ascertain the 
excess of the work performed by his engines, 
over what had been done by the old engines, 
as he was, by agreement, to receive a 'third 
part of the sum which might be actually 
saved : but as no publication was made of the 
work done by the different engines, no com-
parison could be made of their respective 
merits. On the expiration of Mr. Watt's 
patent, the counter, although it was retained in 
some mines for the satisfaction of the agents, 
appears to have been generally given up. In 
1812, Capt. Joel Lean suggested the idea of 
placing a counter on every engine, and of pub-
lishing monthly accounts not only of the work 
performed, but of the peculiar circumstances 
of the different engines. This suggestion was-
adopted in several mines, and by the periodical 
publication of the results, so much emulation 
was excited in the engineers and engine-men, 
that, by keeping the machinery in better` 
order,—by close attention to the fires,—and by 
sundry trivial improvements, the benefits of 
this measure were almost immediately felt/ 
Until the publication of these accounts,' few of 
the mines had adopted the shallow fire-places ;, 
but when the parties concerned found that their,
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credit was at stake, every method was adopted 
which a saving of fuel could possibly be 

effected. The counter therefore, instead of 
being considered as a direct improvement, 
ought perhaps rather to be regarded as the cause 
of other improvements. 

3. Every part of the machinery of the 
steam-engines is not only better manufactured, 
but is kept in much better order than it was 
formerly. From the wretched state of most of 
the engines even less than thirty years ago, the 
waste of steam was very great: the whole of 

the engine-house was generally filled with steam, 
which was continually exuding from minute 
crevices in different parts of the machinery; 
and in the boiler-house, the steam might be 
seen escaping from almost every part of the 
boiler which was exposed to the air. The min. 
erable engines which were frequently used 
because they were much less expensive than 
new ones, were so often out of order, that the 
water would frequently accumulate in the 
bottom of the mines, and fill the lower levels
all the work was consequently stopped, both in 
those levels and in the rump, until the water• 
was drawn out. 

4. The alteration in the appearance of the 
interior of the steam-engines is also a real im-
provement. A few years ago, to go into a 
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steam-engine was to go into a hog's-stye : every' 
part of the machinery was covered with dirt, 
and the stench was intolerable: but now, in 
many of the mines,—in those especially which 
have been recently set at work,—every one is 
struck with the neatness (in some cases even 
the elegance) in which the building and the 
machinery of the engines are kept. This is not 
an improvement in the outward appearance 
alone ; ibr an engine kept so clean, must surely 
work More easily, and present greater facility 
for discovering the appearance of a failure in 
any part of the machinery, the timely repair of 
which may prevent the serious accidents and 
delays which might otherwise occur. 

5. The condition of the apparatus con' 
nected with the engine in the shaft, commonly 
called the pit-work, is as much improved as the 
engine itself. Many of the older miners can 
well remember when, whilst descending into 
the mines, they could perceive the water escap-
ing through numerous small apertures in the 
pumps, and snch pumps although quite worn 
nut, were allowed to remain: but nothing of 
this kind is now to tie seen. A considerable 
improvement has also taken place in the 
arrangement of the pit-work, for the purpose 
of raising a part of the water by means of 
planger8 ar forcing pumps : before these were 
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adopted, all the water was drawn from the mine 
to the adit by the up-stroke of the engine; 
and to assist the engine, balance-bobs were . 
employed at different depths ; but at present, a 
considerable portion of; the water is forced up 
by the down-stroke of the engine, a measure 
which equalizes as well as increases its work. 

6. Formerly, when the engine-shaft was 
sunk below the cistern which was connected 
with the lowest lift of pumps, the water was 
drawn to that cistern from the bottom by a 
windlass, by manual labour, until the shaft 
became deep enough for another lift of pumps 
and another cistern; but for several years past, 
this work has been done more easily and at less 
expense, by very small pumps connected with 
the rod of the engine : the small pumps thus 
employed are known by the name of the 
Puppy-lift. 

In consequence of these improvements in the 
boiler and the apparatus connected with it,—in 
the pit-work,—and in the economy of the steam-
engine, the work now performed by an engine of 
any given power, is more than double what was 
performed by an engine of similar dimensions 
not more than twenty years ago. The calcula-
tion is usually made to ascertain the weight of 
water lifted one foot in height, by the con-
sumption of a bushel of coal. A► gentleman 
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who had occasion to compute the work of all 
the large engines , in. Cornwall nearly thirty 
years ago, has informed me that they were then, 
found, on an average, to lift about 17,000,000, 
of pounds. That which performed the most was 
an engine on Herland mine, working at- every 
advantage, and there was a duty of 27,000,000. 
After the discontinuance of the use of the 
counter, the engines, for want perhaps of that 
stimulus, small as it was at that period, appear 
to have considerably retrograded in their duty, 
for when the use of this instrument was recom-
menced in 1812, the average was certainly far 
below 17,000,000. At present, however; it is 
nearly 30,000,000, and the maximum has been 
above 54,000,000. 

7. Another economical improvement has 
been made by the application of the steam-
engine to draw the ore and the Meads out of 
the mine. These were formerly brought to the• 
surface by the labour of horses. The dif-
ference of the expense of steam and of horses 
for this purpose, is nearly fifty per cent. From 
the increased number and the increased depth 
of the mines, this work could not possibly be 
performed at present by horses. 

8. The substitution of steam stamping-mills 
for those which were worked by water. Be-
fore these were ,introduced, the want of water 
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in the summer frequently obliged the miners
to leave the tin-ore several months on the 
Mines, until the winter brought a supply. In 
the large tin mines of Huel Vor and Huel 
Reeth, the ore could not be stamped at all in 
the ordinary way, as all the water stampingl 
mills which could possibly be erected in the 
neighbourhood of those mines, would be 
insufficient to accomplish the work; but, by 
means of steam, it is performed with ease. 
The advantages of using steam stamping-mills 
are very great: from the rapidity with which 
the ore is pulverized, a considerable portion is 
included in what is called the crop or the best 
part of the ore, which, by the slow operations cif 
the water-mill, and by a constant stream of water 
running over the ore so gradually pulverized, 
would be carried into the dime-pit, and be mixed 
with the inferior ore which requires more time, 
and occasions more expense to dress* it. The 
water mills are erected wherever a stream of 
water can be obtained, and are generally at 
some distance from the mine, as well as front 
each other ; more overseers are therefore neces-
sary ; the waste by carriage is also considerable : 
but the steam stamping-mills are always in the 
mines, and therefore under the direct observa-

• To dress tin-ore means to wash, and to separate the waite from 
it, ami thus to make it fit for the smelting &mace. 
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tion of the agents. The same quantity of 
work may certainly be performed by steam by 
much fewer work-people and at far less ex, 
pease than by water. 

Huel Reeth presents a singular instance of 
a mine 160 fathoms deep, in which the quail,-
tity of water is so small that, although it irk 
all drawn to the surface by a steam-engine, 
it is not sufficient for the stamping and dressing 
the tin-ore raised from the mine. The country, 
or rock through which the vein passes, is 
granite. 

9. The introduction of crazing or crushing 
mills for breaking the copper-ore into the pro, 
per size for the furnace. This is generally 
done by manual labour, as those mills have yet 
been only partially adopted. Something is still 
wanting in those machines, in order to their 
becoming generally useful, for as the ores, even, 
of the same mine, are of different degrees of 
hardness, some are completely pulverized, or 
reduced too low, whilst the remainder is with 
difficulty broken. 

10. The better introduction of air into the 
mines is not only favourable to the health of the 
workmen, but occasions a real diminution of 
expense; for instead of being obliged to sink 
shafts at the distance of about thirty fathoms 
frond each other, as was formerly the case, the 
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miners can now proceed one hundred fathoms 
from a shaft (except in peculiar cases) with-
out feeling the want of air. This improvement 
has been effected, principally by the introduc-
tion of a stream of water into one of the shafts, 
and, by placing an air-pipe close to the dis-
charge of the current, the air which accompanies 
the water, is conveyed to the extreme point of 
the level. Where water cannot be obtained, 
the air is forced down into the shafts and into 
the levels, by an air-pump. Iron pipes for the 
conveyance of the air are far preferable to 
those of timber, not only because a smaller 
portion escapes, but because in case of the 
decay of the timber, the air imbibes its delete-
rious qualities. 

II. The period which the workmen were, 
from time immemorial, accustomed to labour 
in the mines of Cornwall, was, until within a 
few years, six hours in twenty four, exclusive 
of the time required for descending into and 
ascending from their stations in the mines, and 
considering the former state of the mines with 
respect to ventilaticin, and many other circum-
stances, that period was perhaps quite as long 
as was consistent with their health ; but venti-
lated as the mines now are, and the levels being 
large enough to permit them to work frely, 
it is found that, unless in peculiar cases, the. 
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miners can continue at work eight hours (in-
cluding the time employed in descending and 
returning) without any injury to their health, 
and in most of the large mines, that is now the 
fixed period of labour. 

12.' The use of railways in the levels of the 
mines, as well as on the surface, will eventually,
supersede, or at least greatly lessen, the use of 
wheelbarrows. These have been lately adopted' 
in the Consolidated mines, Poldice, Treskirby, 
Huel Damsel, and other mines, and it is estima-
ted that the expense of work performed by 
means of rail-carts, compared with that of the 
same work done by wheelbarrows, is less than. 
one half. • 

13. In several copper mines (particularly 
in some of the mines of Gwennap) the water, 
which contains copper in solution, and of.
course, contains also the acid which holds it in 
solution, is very injurious to the iron pumps 
which are exposed to its influence ; the follow-' 
ing methods have lately been adopted in some' 
mines. to counteract its deleterious properties ; 
the pumps are made two inches in diameter 
larger than the size wanted, and the internal 
part' is lined with wood, which fills the addi-
tional space: in additiOn to this, the outside' 
is frequently painted: by these methods the' 
pumps are much preserved from corrosion. 
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The attention of the miners is said to have 
keen drawn to the effects of the paint in a sin-
gular way. Same pumps, on which the num-
b , of the lots had been painted with white 
lead, were purchased at a sale, and placed in a 

shaft: on taking them out of the shaft sometime 
afterwards, many of them were found much 
corroded, except in those parts which were 
covered with the paint. This improvement 
may perhaps be thought too trivial to merit 
place here ; but as it does not appear to have 
been much noticed, it is mentioned with the 
hope of seeing it more generally adopted in 
mines where the water is so pernicious. 

14. The modern practice of draining the 
surface of the mines, and of keeping the edits, 
and the levels above the edits, quite free from 
obstructions, is also a very great improvement. 
It is not very long since the slovenly state of 
the adits, and the accumulation of mud, &c., 
which was suffered to remain in them, together 
with the miserable state of the pi€-work as 
already described, caused a part of the water 
drawn from the mines to find its way back again 
to the deeper levels, or to the bottom; and 
(except in a few rare cases), no care whatever 
was taken to prevent the water which, from 
rain and other sources, often accumulated on 
the surfaces, from sinking into, the mines ; but 
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obstructions, is also a very great improvement.

It is not very long since the slovenly state of

the adits, and the accumulation of mud, &c.,

which was suffered to remain in them, together

with the miserable state of the pit-work as

already described, caused a part of the water

drawn from the mines to find its way back again

to the deeper levels, or to the bottom ; and

(except in a few rare cases), no care whatever

was taken to prevent the water which, from

rain and other sources, often accumulated on

the surface, from sinking into the mines ; but
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by great and constant ,attention to tire aditS and 
shallow levels, and by making drains all over 
the surface, the possibility of 'the adit or suffate 
water sinking into the mines is now, hi a great 
degree, re vented, and by the improvement of 
the pit-work, very little now escapei from the 
pumps. The quantity of 'water trow drawn 
out of most of the deep mints is, in consequetitt, 
much less than it was twenty years ago; although 
the mines are deeper. In Mel Unity arra 
Poldice, and also in the Consolidated tnitteS, 
the water now drawn to the adit is estimated 
at about three-fifths of the quantity Which 
drawn under the old system : and the grater of 
Treskirby, Jluel Chance, and North-downs, is 
not now so much as was formerly drawn front 
North-downs alone. These facts prove that 
a considerable portion of the Water had; 
previously to the use of such precautions; 
descended from above. 

15. The system of working mints by level 
is of too long standing to be called a recent 
improvement : there are, however, some points 
connected with this system which are not, even 
now, universally adopted, although every in-:. 
stance of a different mode of working has only 
tended to establish the merits of the system 
which at present is generally pursued. It hai.
been already mentioned that the first mode of 
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working mines was by opening the whole from 
the surface downwards, and thus making a large 
cavity open to the sun. Carelase mine near 
St. Austell furnishes, in some respects, an, ex-
ample of this method. The next mode was 
probably that of working by shafts, and pursu-
ing the lodes from the shafts only in those parts 
which were rich, and thus either driving, or 
ruing, or sinking, on the lodes, according to 
the direction of the ore, without any attention 
to method or regularity. A singular instance of 
this mode of working existed a few years ago 
in Huel Owls, in the parish of St. Just. It is 
-obvious that this system possessed no means of 
making discoveries : the workmen were led by 
the bunch of ore, and when that failed them, 
their work was finished. Finding the, difficulty 
of pursuing this system where the water was 
quick, a third was probably adopted,—of stop-
ing* the lode downwards from the shaft,• by 
which all the water would run to the shaft: 
the facilities of exploring the lode, and of 
making new discoveries in it, were scarcely 

• The word stops comes from step. Stoping means hewing away 
the lode in stairs or steps of six or eight feet deep, one man following 
another. Working on the lode in this way, downwards or underfoot, 
is called stoping the bottom:—upwards or overhead, is called sloping 

the back. On this system, as soon as the shaft is sunk six or eight 
feet under the adit, if the lode is productive, the first stope is com-
menced, and a second follows it, and a third, &c. as soon as the shaft 
is sufficiently deep. 
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greater by this system than by the last. The 
fourth system (or rather the first which merited 
the name of a system) was probably that of 
driving levels * on the lode from the shafts, and 
stoping the lode downwards from one level to 
another. Huel Towan and Huel Alfred were 
wrought in this manner.t On this plan, 
although the mine is explored by the levels, the 
ore is taken away nearly as fast as the shaft is 
sunk, and if any unexpected change takes 
place,—if, for instance, the lode should, even 
for a short space, become unproductiire, the 
mine has no resources in itself to furnish the 
means of paying its ordinary expenses. The 
consequences are sometimes fatal to the con. 
cern, as was lamentably the case in the two 
above-mentioned large copper mines. This 
system may be compared to a man who lives at 
the very extent of an income which is depen. 
dant upon his, exertions: if a fit of sickness 
overtake him, he has no resources whatever; 
but independently of the risk which attends 
this system, it is enormously expensive. In the 
first place, it is obvious that, even if all the 
lode consists of ore, a mass of ore can be taken 
away from above, at much less expense than 

• Or horizontal galleries. Driving means working horizontally.
t This alludes to the first period in which these mines were 

wrought. -Huel Alfred ceased to work in 1816.—Huel Towan, some 
years ,earliero 
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tVom below; but this is the least important part: 
in doping downwards, the whole of the lode, 
Whether good or bad, must be taken away, as 
it is impossible to get at the ore without taking 
away the dead grata& also, and all this work 
calla be done before the lode is properly 
drained. The mixture of the ore with the 
rubbish also occasions much greater expense in 
dressing it, and causes considerable waste, ab, 
where so much washing is necessary, the finer 
farts of the ore (especially the rich black oxide of 
copper) are liable to be carried off by the water. 
This mode of working also occasions a much 
greeter consumption of timber for the purpose 
of keeping open the space from which the 
lode has been taken. The last system, and 
that which at present generally prevails, is 
that of driving levels, and stoping upwards : by 
this system, as soon as the shaft is sunk to a 
sufficient depth under the adit, (generally about 
ten fathoms) a level is commenced, which pro-
ceeds both eastward and westward, on the lode. 
If the lode is rich in the commencement of the 

level, as the workman goes forward, another is 
employed to dope, or dig down the ore above 
the level, and as he makes progress, a third 
follows him in another stope; and so they 
proceed until the intermediate part of the lode 
(or as much of it as is productive of vre) is 
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wkally taken away: meantime the shaft cone 
tiUues to be sunk, and becomes deep enough 
for several other levels, long before the ore 
above the first is exhausted. If the lode is 
goer in the first level, nothing is done in the 
way of sloping :—if it become productive in 
some parts of the level at a distance from the 
shaft, there the miners begin to slope, This 
system therefore possesses several advantages 
over every other ;—it is easy to discover what 
part of the lode is rich, and what is barren ;—the 
miners have it in their power to take away the 
valuable, and leave the worthless parts ;--even 
those worthless parts are useful, as they serve 
the purpose of timber in keeping the ground: 
open ;—every part of the mine is much betted. 
drained ;—the ore by being extracted from the 
lode when comparatively dry, is more easily-
kept separate from the worthless ground ; sit it 
therefore subject to very little waste, and costs 
much less to dress it ;—the riches of the lode 
may be extracted much more speedily ;—the 
produce is far less fluctuating ;—there is in 
general the ability to make greater efforts for 
the discovery of new bunches of ore in other 
parts of the lode ;—and, as a general conse-
quence of the whole, the mine is not only much 
more profitable* but also much more permanent. 

The exclusion of all other systems but the 
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last; from the mines which are now at work 
in Cornwall, (with perhaps one or tv‘ro excep-
tions) may be ranked amongst the improve-
ments in mining. • 

16. • The last economical improvement which 
I shall mention, (or rather a consequence of the 
other improvements) is the rapidity .with which 
the mines are now wrought ; and this has been 
caused principally by laying aside the false 
systems of economy which formerly prevailed. 
Our ancestors, even up to the present gene-
ration of miners, were generally satisfied to' 
pursue as single vein, without suspecting that 
other veins might exist very near them ; and 
if they were aware of the existence of such 
veins, yet either from a want of capital, or a 
disinclination to lay it out, or more probably 
from the want of a greater spirit of enterprize, 
those veins remained unexplored : and from the 
same causes, it was a rare circumstance to erect 
a second engine on a mine before the first had-
arrived at the extent of its power ; or even to 
provide a spare boiler for the engine, to serve 
in case of a failure in the working boiler. For 
want of power in reserve, the lower levels of the 
deep mines were generally overflowed: at some 
period of the winter ; and on the other hand, 
water-engines were frequently erected in situa-'• 
tions where a sufficient supply of surface water 
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could only be procured in the winter, and in con-
sequence, the mines were suspended during the 
summer months. In fact, to provide any im-
portant article before the want of it was actually 
felt, was not a part of the old system : at present 
however, the temperature of the spirit of enter-
prize and speculation is sufficiently high, and 
in most of the large mines of Cornwall, there 
is a perfect command of capital. These circum-
stances, combined with a. proper degree of 
prudence and foresight, have produced most 
important results. There is a sufficiency of 
power for all occasions ;*—every thing is in 
readiness before it is wanted, and in conse-
quence, an interruption of the work rarely 
happens, unless from circumstances which cue 

be neither foreseen nor guarded against ;—the 
sump is sunk so rapidly that a level may be 
driven into the lode every year in many of the 
deepest mines, and thus the lodes are more 

• The comparison made in page 60, of the work done by steam. 

engines at the present time, with what was performed thirty years 

ago, applies to engines supposed to be always at work. If an engine 

is out of order, it is omitted in the monthly account of the duty per-

formed. Although therefore that comparison was greatly in favour of 

the present engines, the real difference is much • greater, for when the 

frequent accidents to which the former wretched engines were always 

liable, and the consequent interruptions of the work, are taken 

into the account, I have no doubt that the duty now annually perfor. 

;Bed is four times as great as what, was done at the ahove-mentioned 

period. 
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speedily and more fully explored ;*---the neigh-
bouring country is ransacked in search of 
other lodes ;—double the former number of 
workmen are employed,—and the produce is 
amazingly increased. Scarcely any mine thirty 
years ago produced 500 tons of ore in a month, 
but we have lately seen a produce of nearly 
1,500 tons in the same period. All this addi-
tional labour is performed at nearly the same 
expense in draining the water,—in agency,—
and in many other respects,—as if only half the 
number of workmen were employed. 

3. GEOLOGY. 
am not aware that much improvement has 

taken place in the mode of searching for lodes, 
unless it is by driving across the countryt from 

• Poldice mine furnishes a strong contrast of the effects of the 
present system compared with those of the miserable system which 
was too general from thirty to forty years ago. At that period no 
more than two fathoms could be sunk in the sump, or deepest engine-
shaft, in a year, for several years. The different parts of a bad system 
generally follow each other like links in a chain. In consequence 
of this tedious rate of sinking, the miners were obliged to stops all 
the lode downwards ; for to have sunk deep enough for a level of ten 
fathoms, they must have waited five years. Within the last four 
years, the sump of Poldice mine has been sunk SS fathoms; viz. from 
135 to 170 fathoms below the surface. In East Huel Damsel, the 
sump has been sunk 40 fathoms ; Viz. from 1I5 to 155 fathoms below 
the surface, in two years. 

t This word is used as a general term, comprising all the rocks 
or strata of every kind, intersected by, or in the neighbourhood of, 
the veins. It is often necessary to use the word strata more specie-
cally, and besides, it does not apply to all rocks. Roth would not be 
a proper word, as the testatry sometimes consists of clay. 
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north to south, or vice versa, instead of slum& 
big, or costeening : 41 the symptoms by which 
the miners form an estimate of a lode are also 
much the same now as they were in Pryce's 
time. 

With respect to the interruption of lodes by 
cross courses, or other veins, some benefit has 
been derived from experience, but very little, 
I believe, from geology. Until mining became' 
so general as it has been within the last forty 
or fifty years, the heave of a lode by a cross-
course greatly puzzled the miners ; and in some 
cases, many years elapsed before the correspon-
ding parts of the lodes were discovered. At 
present however, they find very little difficulty 
on such occasions, as, even when the individual 
case, furnishes no means of ascertaining the 
direction in which the lode has been heaved, 
they have, in almost every part of the mining 
district of Cornwall, precedents all around 
them, by which they are enabled to form a 
tolerably correct judgment on the subject. 

The only improvement of any consequence 
which I can here mention, relates to parallel. 
lodes. 

1. If the spaces now occupied by veins were 
originally fissures, it appears probable that 

The meaning of these terms may be seen in Pryce's Min. Corn. 

x2 

Improvements in Mining.
75

north to south, or vice versa, instead of shoad

ing, or costeening.* the symptoms by which

the miners form an estimate of a lode are also

much the same now as they were in Pryce's

time.

With respect to the interruption of lodes by

cross courses, or other veins, some benefit has

been derived from experience, but very little,

I believe, from geology. Until mining became

so general as it has been within the last forty

or fifty years, the heave of a lode by a cross

course greatly puzzled the miners ; and in some

cases, many years elapsed before the correspon

ding parts of the lodes were discovered. At

present however, they find very little difficulty

on such occasions, as, even when the individual

case furnishes no means of ascertaining the

direction in which the lode has been heaved,

they have, in almost every part of the mining

district of Cornwall, precedents all around

them, by which they are enabled to form a

tolerably correct judgment on the subject.

The only improvement of any consequence

which I can here mention, relates to parallel

lodes.

1. If the spaces now occupied by veins were

originally fissures, it appears probable that

The meaning of these terms may be seen in Pryce's Min. Corn .

K2



76 MIL CARNE, OX IONIC 

wherever a large fissure was made, whatever -
might have been the cause which produced 
it, smaller fissures would, by the same cause, be 
made on either or both sides of it, and branch-
ing from it : it would also probably be accom-
panied by other fissures of different dimensions: 
it is accordingly now generally known and acted 
upon, that the large lodes which are commonly 
called master-lodes or champion-lodes, have not 
only small lodes branching from them, but are 
usually accompanied by parallel lodes called side-
lodes, sometimes on one side, and sometimes on 

both. The miners are frequently aware of the 
existence of such lodes by their having been pre-
viously discovered at the surface ; but whether 
this is the case or not, it is now the common 
practice to drive both northward and southward 
of the principal lodes (whose direction is nearly 
east and west) in search of side-lodes. Many have:
in this way been discovered, whose riches have 
amply remunerated the adventurers. There is;
a general and a very natural idea, that a lode-
which has been rich in one part is likely to be 
rich in every other: that such a lode may be 
rich in many parts, distant from each other, has-
been proved in several instances ; but for want 
of proper attention to -the connexion which 
appears to exist between the lodes and the 
rocks which they intersect—a subject which 
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which has been rich in one part is likely to be

rich in every other : that such a lode may be

rich in many parts, distant from each other, has

been proved in several instances ; but for want

of proper attention to the connexion which

appears to exist between the lodes and the

rocks which they intersect,-a subject which
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will be presently noticed,—very large sums 
of money have been spent to no purpose: . 
In Huel Ann, thirty thousand pounds were lost 
in exploring the same lode as had been rieh 
in Huel Alfred: had it been a different lode, 
the adventurers would have been satisfied with 
a much less expensive trial. In Tregajorran, 
and Barncoose, the adventurers laid out, and 
eventually lost a large sum, on the lode which 
had been productive in Cook's-Kitchen and 
Tineroft ; and in East Towan, and some other 
mines eastward of it, a considerable sum was 
lost, because the lode was supposed to be the . 
same as had been rich in Huel Tow an. On the 
other hand, in several mines, of which the prin-
cipal lodes were partially exhausted ; by drip* . 
northward and southward, other lodes hove 
been discovered, (some of which were known, 
before, but had not been properly explored). 
which are now uncommonly productive. The 
Consolidated Mines, Poldice, Huel Vor, 
may be cited as instances of the fortunate clis. , 
covery of parallel lodes which appear to have 
escaped the knowledge, or at least the attention, 
of the miners, at the former periods of work-
ing those mines, It appears therefore that, on 
the question of setting an old mine at work, , 
the principal enquiry which is invariably made, 

fa 0* stato was the mine when it wae►...
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abandoned?" should always be accompanied by 
another, —" Has the neighbouring country been 
properly explored?" if not, and if the lodes of 
the old mine have been rich, the chances are 
(under the restrictions hereafter-mentioned) in 
favour of the discovery of parallel lodes, 
equally rich. 

2. It is commonly believed that wherever a 
lode is rich, if there be another lode near it, 
having nearly the same direction, and in the 
same country, whether killas, or grouan, or even 
in an elvan-course, it is probable that the 
second lode will be found rich in that part 
which is opposite to the rich part of the first 
lode. This is not a new doctrine : the phrase 
ore again8t ore is probably of earlier date than 
the present generation of miners ; but although 
this circumstance has undoubtedly often occur-
red, yet in many places the miners have been 
disappointed in their expectations. In fact, 
until lately, the faith of the miners on this 
subject has been founded rather on what has 
occurred in some former cases, than on any 
general principles. 

The relation which subsists between lodes 
and the rocks, or the strata, which they inter-
sect, is a subject which has attracted very little 
attention in comparison of what its importance 
deserves : it could not however, be expected to 
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attract much of the notice of the miners, had 
it been interesting merely in a geological point 
of view ; but as this relation extends to the 
metallic ores contained in the lodes, it becomes 
a subject of practical importance. That a 
change generally takes place in lodes when they 
pass from one rock into another, is well known, 
and although the lodes may be rich on, or near, 
the lines of the junction of different rocks, it is 
rarely 'the case that a lode which has been 
productive in one rock, continues rich long 
after it has entered another. In many of the 
Gwennap mines the lodes which are rich in the 
killas do not usually continue rich in the granite, 
at a distance from the junction of the two rocks. 
In St Just, the copper lodes which are rich in 
the greenstone, speedily become poor when they 
enter the granite, and on the other hand, the tin 
lodes which are rich in the granite, quickly lose 
their riches in the greenstone. Lodes whether 
of copper or tin, which are rich in elvan, are 
generally poor in any other rock ; the copper 
lode of Huel Alfred, although so rich whilst in 
elvan, became poor almost immediately on 
entering the killas. The copper lode of Brig-
gan was also rich in elvan; but in killas it 
produced little else than white mundic or 
arsenical pyrites. The tin lode of Beam 
mine is, whilst in elvan, very good; but 
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becomes poor when it leaves the elvan and 
enters the granite. On the other hand, when 
lodes are rich in killas or in grouan, they 
generally become poor if they fall in with 
elven: an elvan-course in the Herland mine 
cuts out the copper-ore from the lodes which 
are productive in the killas.* 

The change, however, which usually takes 
place in lodes on their passing from one rock 
into another, is not what I mean principally to 
refer to. It is evident that lodes are as much 
affected when a change takes place in the same 
rock, as when they enter a different rock; when, 
for instance, the rock becomes harder or softer, 
—more slaty or more compact,—when there 
is a change in the direction of the strata,—or 
even where the rock changes in colour (a 
change which probably evinces an alteration in 
its component parts). In such cases the lodes 
.become smaller or larger,—harder or softer,—
,different with respect to their constituent parts, 

► Similar changes are very common in other parts. In the 
BuCkiugham mines, in Somersetshire, the veins whilst in sandstoite 
are rich in copper, bat in limestone, which underlies the sandstone, 
they do not contain an atom of copper. 

At Ecton Hill, limestone forms the tipper, and sandstone the lower 
stratum : the veins contain copper when in the limestone ; but-only 
red blende when in the sandstone. 

In Warwickshire, there are veins of manganese in reddish clay. 

At the depth of about eighteen feet, a stratum of slaty chip, not to 

red, succeeds : in this, the same veins contain only apathose iron. 
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au4,—what is of far more importance,—richer 
or poorer. These changes, although in some 
instances very small, are in others very strik-
ing : they perhaps do not in all cases bear the 
same invariable relation to the alteration of the 
rocks or strata ; but of the fact itself, numerous 
proofs may be produced. In a part of the 
parish of Gwennap there is a stratum of reddish 
killas which underlies very rapidly ; in some 
parts it is not more than two or three fathoms 
deep, but in others it extends to the depth of 
forty fathoms: the lodes regularly intersect 
this stratum ; but the copper lodes are inva-
riably unproductive in it: tin has been found 
in it, but not plentifully. When the lodes 
leave it, and enter another stratum of killas, an 
immediate change generally takes place. In 
Godolphin the lodes were rich where the killas 
was of a blueish-white colour, but poor where 
it was black. In Poldice and in Huel Fortune, 
the lodes in the killas continue productive until 
they enter a stratum of blue hard killas, which 
cuts out the riches. In Huel Squire the copper 
lodes were very productive when in the soft 
light-blue killas ; but a stratum of hard black 
killas underlying rapidly, met one lode at the 
depth of 44 fathoms, and the other at, 120 
fathoms, under the adit, and at these levels 
both the lodes became poor. At Penstruthd 
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copper mine, the lode had been tried at various 
times in parts where the granite was hard, and 
the result was unsuccessful.: a trial however has 
httely been made on the lode where the granite 
is soft, and it is now the most profitable mine in 
Cornwall. In some of these cases, when the 
lode enters the unfavourable stratum, it becomes 
sinarer, and its constituent parts are slightly 
changed ; but in others the lode continues of the 
same size, the same direction, and the sante corn. 
ponent parts, exclusive of the ores, only that it 
is generally harder, and that the promising 
Symptoms of ore have vanished. The soft 
blueish-white killas is most favourable to 
copper, and the hard black killas to mundic: 
the change in the lodes in passing through 
strata of both descriptions is frequently from 
copper to mundic. In general an unfavourable 
change takes place in both copper and tin lodes 
when the killas becomes very slaty, although 
not harder than before.* 

Now as this connexion between the strata, or 
rocks, and the riches of the lodes which inter-
sect them, is so evident where striking and 
decisive changes take place, it is probable that 
in cases where a partial change in a lode oc-

• The same fact is observable itt the lead lodes near the Devil's-
bridge in Cardiganshire. They are rich when in killas of a light 
colour, but when the killas becomes dark, slaty, and hard, they 
become poor. 

82 MR. CARNE, on some

copper mine, the lode had been tried at various

times in parts where the granite was hard, and

the result was unsuccessful : a trial however has

lately been made on the lode where the granite

is soft, and it is now the most profitable mine in

Cornwall. In some of these cases, when the

lode enters the unfavourable stratum, it becomes

smaller, and its constituent parts are slightly

changed; but in others the lode continues of the

same size, the same direction, and the samecom

ponent parts, exclusive of the ores, only that it

is generally harder, and that the promising

symptoms of ore have vanished. The soft

blueish-white killas is most favourable to

copper, and the hard black killas to mundic :

the change in the lodes in passing through

strata of both descriptions is frequently from

copper to mundic. In general an unfavourable

change takes place in both copper and tin lodes

when the killas becomes very slaty, although

not harder than before.*

Now as this connexion between the strata, or

rocks, and the riches of the lodes which inter

sect them, is so evident where striking and

decisive changes take place, it is probable that

in cases where a partial change in a lode oc

The same fact is observable in the lead lodes near the Devil's

bridge in Cardiganshire. They are rich when in killas of a light

colour, but when the killas becomes dark, slaty, and hard, they

become poor.



Improvements in Mining. eta 

eurs,—where, for instance, it becomes poor (or 
even less rich) for only a few fathams,Junne 
change may be found in the adjoining country ; 
but in these small alterations little attention is 
paid to such circumstances. 

The relation which I have endeavoured to 
describe, bears strongly on the doctrine of the 
riches of parallel veins, or ore against ore. ,If 
lode be .rich, and if the same kind of.killcs.pr 
grouan which is connected .with its 'rich{ part, 
extends to a parallel lode, that lode will proilk 
bly. be rich in, the, part which intersects. the,_ same 
kind of rock : if, for, instance, the stratum of 
lac, or kind of grouan, extends from north , to 
south, or vice versa, the parallel lode is likely, to 
be,rich in that part which is directly opposite 
tothe rich part of the first lode : but if itestends 
from north-west to south-east, the riches of. the 
parallel lode will be found in the same direction 
from those of the first lode.* have heard 
one of the pringipal miners in Cornwall express 
an opinion that the latter is the direction which 
the killas generally takes in -the Parish of 
Gwennap, and we, shall find that many 9f the 
principal mines in that:parish ,ttre rich in that 

• It is frequently the cue, when parallel lodes are near to each 
other that very:minute' veins branch from one to the other : if. thee,'
are rich, both the lodes are rich Where the branches :mite with them : 
the name of feeders therefore, which Is commonly given to them,,
appears very appropriate. 
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direction from each other. In one line we shall 
perceive (beginning at the north-west) Huel 
Unity, Poldice, Huel Maiden, the Consolidated 
mines, and the United mines : in another line, 
westward of the first, we shall find' Huel 
Chance, Huel GorIand, East Huel Damsel, and 
Huel Squire: several miles further westward, 
North Roskear, South Roskear, and Dolcoath, 
are nearly in a line from north to south, as are 
also Huel Kitty, and Camborne-vean. The 
Same principle is applicable to the mines of 
St. Just, and also to the tin mines of St, Agnes, 
where the phrase bunch against bunch is well 
known. The lodes are not always of the same 
kind: one may be a sparry, and another a 

flucany lode; but this difference does not 
appear (at least in many cases) to interfere with 
the principle. In Huel Reeth tin mine there 
are two lodes in the same kind of granite, a 
grouany, and a caply lode, and the rich part of 
one is opposite to that of the other: in the 
western part of the mine, a different kind of 
granite comes in, and both the lodes cease to 
be productive. 
- It would be laying down a theory at once, 
and with our present knowledge, it would be 
very presumptuous, to say that the changes in 
the strata, or the rocks, are the causes of the 
alterations in the lodes, and especially of their 
riches or poverty : a more general examination, 
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and a more extensive collection of facts, are 
necessary, before we can venture to draw any 
positive conclusions on the subject; and even 
then, although it may be possible to lay down 
some general practical rules, we may be as far 
from ascertaining the cause and the effect, as 
we are at present. It appears, however; very 
difficult, if not impossible, to reconcile these 
facts with any theory of the formation of veins 
which has yet been started. 

In mentioning the improvements in mining,* 
the increase of mineralogical knowledge amongst 
the working miners, ought not to be omitted. 
Many of them are no longer satisfied with the 
common names of minerals, but are now 
acquainted with the scientific names of the 
common ores and earthy substances, and even 
with their constituent parts. Some have 
gained this knowledge from others ; but many 
possess their systems of mineralogy, which they 
study at their leisure. The great and inereas-, 
ing demand for specimens is perhaps the 
principal cause .of this improvement ; but be, 
the cause whatever it may, the result must be 
advantageous, both to themselves and to their 
employers. 

• have been obliged to express myself very vaguely with respeci 
to the periods when most of the improvements were made. In fatto
many of the alterations have taken place so gradually, that it is quite 
impossible, with any degree of certainty, to fix the time when the; 
were first adopted. 
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