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P R E F A C E

I have been miore full than any preceding writer ; and, I hope,
with a judgment .that will refcue this {cience from the darknefs
with which it was enveloped. The fecond chapter contains an
account of the methods of Streaming in its preferit improved
ftate. This immediately follows the chapter on Shoding, be-
caufe of its near affinity to that fubje@. The pradical part
of Shoding and Streaming is founded upon a belief of the
Noachian deluge and its effe@s, which are inconteftably verified
in Shode and Stream works. In the third chapter, the effe@ual
working of a Mine is exhibited in the finking of Shafts, driving
Adits, digging and raifing of Ores, drawing the water, and
every other operation under-ground. This is intended to ex-
plain the feveral parts of a Mine, and their dependency on each
-.other ; and to evince that fuch contingencies muft be in all
Mines, although varied in their fituations according to the
different. circumftances of different Mines. To this is added, a
parallel fe&ion of the greateft Mine now at work in Cornwall,
to illuftrate the whole. The chapter following relates to the
management of a Mine when in a proper courfe of working ;
wherein fuch maxims are laid down, that a novice in condu&ing
a Mine may underftand fome matters indi{penfably conne@ted
with that art. The laft chapter of this book treats of Damps,
Dialling, and Levelling, with praétical inftances and remarks,
fupported by experience, and altogether neceflary.

The fourth book treats of the feveral manudu&ions ufed in
drefling of Tin, Copper, and Lead Ores, and contains fome
brief remarks upon -drefling Gold, Silver, &c. Though the

neral manner of drefling Copper Ore was firft taken from
‘the methods ufed in the Lead Mines, yet there are fo greata
variety of Gopper Ores requiring very oppofite treatment in
their drefling, that I hope the fubje& will be found greatly
improved. The drefling of Tin is indeed an art confined to
the ftannaries only ; yet the curious-delicate manner in which it
is manufactured in the drefling,. may furnitfh many improvable
and beneficial hints for the cleanfing of other Minerals from
their fordes. I have been vé¢ry accurate in ‘defcribing the man-
ner of drefling Tin Ore, as I have had ample experience in that
bufinefs ; and I doubt not of its proving a ufeful and general
ftandard in that branch of Mineralogy. :

‘The begixining of the fifth book confifts of a memoir upon
.aflaying, and more particularly upon a part of the Docimaftick
art, which has never been fo experimentally treated of before;
viz.




P R E F A C E;

viz. How to affay Mundicks and Tin for Gold or Silver ; by
which procefles the curious may judfge how far the Mundicks
of one place are {uperior to thofe of another for the precious
Metals, or whether they contain any Silver or Gold. The
procefles for aflaying Copper Ores by calcination, and by the
regule way, are both infallible, if the operator will be attentive
‘to his bufinefs. Thefe procefles are little known out of the
Cornith affay offices, and have been too long kept profoundly
fecret, for purpofes which the reader will readily comprehend.
The method of affaying Tin Ore is very fimple and efhcacious,
from the eafy fufibility of its Metal. An adept in trying
Copper Ores will foon know how to manage in affaying Cobalt,
by the mode prefented to his view in this chapter.

The laft and grand obje&, is the manufa&ory of Tin and
.Copper Ores into their refpecive Metals ; and I have fet forth,
as fuccin&ly and clearly as the materials I have obtained would
allow, the procefles of {melting and metallizing thofe produdts,
without infringing- too much upon the fecrets of private trade.
" And though I have not forgotten to point out the oppreflions
of monopoly, yet it is with lefs feverity than is due to the
magnitude of the evil, and its mifchievous effe@s.

The Appendix treats of the great improvement in the fteam
fire engine by Mr. Watt ; an invention of more confequence to
the Mining intereft of Great-Britain, than any difcovery that has
been made for half a century; and I hope to fee its univerfal
ufe eftablifhed in a very fhort time.

~ As the idioms and terms of Cornifh Miners are moftly derived
from the ancient Cornith Britifh diale&, and therefore not eafily
intelligible to gentlemen unaccuftomed to Mining, who may
have occafion to converfe or correfpond with them; to prevent
mifconception, I have fubjoined an explanation of thofe terms

in alphabetical order, including the relation they bear to thofe
of the Lead Mines and Collieries.

a CONTENTS.
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AND THEIR FLUXES ' 63

and drefied fit fot fmelting, at the rate of a fhilling out of the
pound, in the price it fells for ;. nay’I have known am inftance
of its being done for ten pence. . In this cafe, the end or ftool
of the vein will run of itfelf, like fand, aguinft the workman
with the ufe of his.thovel only. This Ore generally lies fhallow 3
and feventy years ago; when Copper was not fearched for and
little known among us, the Finners threw it into the rivers 43
refufe, by the name of Poder, which fignifies duft, Mundick,
ot wafte, After it became well knows, and was wrought for
fale, it feldom execeded L3 10s. 9 ton for feveral years, while
theie Wete but one or two purchafers. : ' .

" Reéd Copper Ote s rathgr fearce, but it is valuable. There
js a kind of red, fteel graitied, goflany Ore, that looks very
ri¢h, “and -is wotth from L14 to [28 @ ton, accerding as it
is impregnated with Gal or Itén, which renders it harth and
" fubbarn for fmelting. But éf all Copper Ores, that whick
goes by the hamé of Peacttk Ore, far furpaffes the reft for
beavty and eleganoe of tint, while it is new ahd freth ;. for after
it has :heen long expofed to the falts of the asrmnofpliere,. ity
beautiful colour fades away. The interior of this is yellow. -

.Of yellow Copper Ore, I kave obferved four forts il general.
The firft is found fhallow among black Ore, fmall, or not i
large rocks ; and it can be feely fcraped into a yellow duft of &
rich appearance. The fecond is the fine gold coleured flakey
Ore, that is rich to the eye and in the crucible ; its real value -
may be frem £12 to [15 4 toh: it is this kind of Ote which
fhoots into diftin@ and regolar- tetrahedrons, geometrically:
defined 4 triangular pyramid of four equilateral triangles : they:
are always fmall,’ diftin&; regular, and ‘of the higheft polifh ;.
are very commo#, snd as commonly overlooked by the fuperfi-
cial obferver. The third is & perfeé brafs coloured Ore, which
rifes in great quantities, and is reckotied the beft colour of any
for its continuance in the Mine : when this comes up in plenty,
the Mingrs pleafs themfelves with the fight. of it for that reafon,
although the valae may be miot mofe than from £7 to L10
@ ton. This coloured Ore feldom rifes Before the vein is funk-
fifty fathoms deep, or at leaft not in great heaps ; the richer or
more incanflant Ores beihg fuperincumbent. But the fourth
dnd deepeft ér Ore is of a pale yellow, pretty much cor-

ed with Mundick, and of an inferier price, being from
£4 to £6 y ton. The faperior quamtity, however, recoth-
pefices for its quakty and charges of drefling; for it is not

uncommon
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which contain a volatile animal 8alt; and being fo cemented,
they quench it in water, whereby its pores are fo greatly con-
firinged, that it immediately grows fo hard as to acquire the
properties of Steel.

" Of all the fubftances concurring to form the terreftrial globe,
Iron feems to have the greateft ubiquity ; ‘as it is well known
to enter into the compofition of Earth, Stone, Plants, and
Animals, fo truly, that from the afhes of either you may vifibly
and fenfibly perceive its exiftence, even fo as to be difcovered in
various fecretions from human blood, in milk, urine, fat, &c.
as may be proved by drawing a Loadftone (whofe property it is.
to attra& Iron only) over their calx, afhes, or refiduum, when
the Iron particles will be drawn out of them, and adhere to the -

Magnet.

Iton is the moft ufeful to human life : it is our defence and
fecurity ; and no arts or manufadories could exift without it..
Navigation, trade, and commerce, would be at a ftand ; and
cven the art of difcovering other Mines and Metals, could not
be pra&ifed without it : fo that this, which is confidered as the
bafeft of Metals, is indifpenfably neceflary for all the various
ufes of mankind. Befides the innumerable kinds of inftruments
made of it, " it furnithes excellent remedics in many difeafes: by
its figure and gravity with the human blood, it becomes a
deobftruent and. reftorative in cold and relaxed temperaments ;
but in full and fanguine habits, it is inflamatory and dangerous,
unlefs preceded by venefe@ion and other evacuations. '

Tin, Stannum ; Jupiter. > in the Chaldee fignifies {lime,
mud, or dirt ; and when the Phenicians came into Cerawall,
and faw this Metal in its ancient flimy ftate, they called it,
¢ The Mud:” from thence the name, ‘Tin, (in Cornu-britifh
Stean, in Latin Stannum) has proceeded, and is fill continued.
Some of the ancients called it Plumbum Album, White Lead,
to diftinguifh it, perhaps, from common‘Lead. It was by them-
called White Lead, from its colour and pmt‘);“, but-they did.
not know it to be, radically, anether Metal. . We find no Latin .
name in authors for the Ore of Tin; probably, becaufe. the
ancients were unacquainted with it as a Metal charaderiftically
diftin& from Liead. Neither do the Tinners. or Miners call it
'Fin Ore ; for: they give it the name of Tin-ftuff, as it rifes out
of the earth ; and they diftinguifk it by feveral incidents which-
happen often to it, either from the Ores, or crude Minerals

intermixing
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f,ode-flones, extremely fmall ; fometimes veined in the Stones,
und brahchy throughout the Lode, whereby it may be feparated
and forted as it rifes, to the faving of much expence in drefling :
in other places it may be priany, peachy, flookany, or mun-
dicky, with which it may be either very prevalent or fcanty ;
but in the latter, and where Copper participapes, it muft be

well burnt before the true value of it can be known.

. This Metal feems to be earthy and very fulphureous ; almoft
foft and pliable as Lead, but more white and beautiful. Bend
& piece of pure Tin, or bite it bard, and it will give a crafhing
noife or firidor 5 but its purity is belt known by obferving the
whitenef(s or delicacy of s grain, when broke off thort. Tin,
$ike Lead, is more cafily diflolved in a weak acid menfiruum,
than in a firong one. It may be eafily amalgamated with
Quickfilver, and melts almoft as readily as Lcad ; therefore, it
will not bear ignition. It is not naturally very fonorous; but,
becomeés fo, ‘when preperly comatixt avith Copper. 1t will not
cafily cadwre the te® by fme 5 for as laon as the heat bacomes
violent 4t affemes the form .of a ftubborn afh ar calx, which feon
lofes its fuidity, and is changed into a powder called Pusty:
which powder s alfo medec by calcination of Tam, but is redu-

tible:iite Tin again by meking'with a proper dhex. . '

Befrdes wes efefilnels in utenfils perfe, it is alfo meceflary for
covering the infile of Copper, Brals, and Irom veliels, to pre-
Tetve dvemn wholfome for oulinary ufes ; whence there is a large
eorfumption for tinning Brafs ware .and ohe like- dt is afe
a¥fo in foldering 3 but I beficve the compound Metal of Pewter,
of - which # s #hic prinetpdl mpredient, ds preferabide dor that
purpefe. Befrdos 'ite demndlbick wies, it .is @ meceflary article,
when-difiolved in Aqua Bertis, For the new dearlet or Bow dix.
And if ¥ am righfly imformell, -our molt beautiful and lafting

coloured fine cloths owe their fuperlative excellency to the re-

" tentreenés -piven by our Hindk @rain Tin ; dsfomiuch, rthat the

Englith fuperfire broad dloths, dyed in grain by the hdlp -of this
iinpredient, are ‘become Haxnous im -all magkets of abe known
sworld. . : i

S

s more-¥han ‘probable, -thatthe purple die -of the Dywi

gainel the very-great reputation it ithad .among the ancients, .in
reat-part, if‘ust-whelly, Grem-their wle.of our Tiniin:the compo-
tion-of their dic:fiff, asthe Finsrade was faldly in theirown

t T management
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management and dire@ion. I think the known fa@s of its béing
their monopoly, the exceeding -ufefulnefs of it ‘as one of the
non-colouring retentive ingredients, and the fame in all parts
of the world of the unfading colour of that purple which g
fuppofed to be given by the juice or faliva of a certain fhell fith
called Purpura, do very ‘much preponderate towards my con-
Je&ure. ‘

" “We may be-certain, that almoft the fole traffick to this ifland
four and twenty centuries ago, was for this Metal ; and we have
before obferved, that in thofe very early ages, our Tin was fold
to the Phenicians, who (like the prefent Hollanders, the grand
carriers of Europe) tranfported the commodity in their bottoms
to all foreign parts. ¢ Tyrus, O thou that art fituate at the
€ entry og the fea, which art a- merchant of the people for
‘“ many ifles.” (Ezekiel).

Jefus the fon of Sirach, the author of Ecclefiafticus, lived
247 years before Chrift. In {peaking of Solomon’s glory,
chap. xlvii. verf. 18, he fays, ¢¢ By the name of the Lotd God,
¢ which is called the Lord God-of -Ifracl, thou didft gather
¢ Gold as Tin, and didft multiply Silver as Lead.” - Which
fhews that Tin in thofe days, viz. 247 years before Chrift, . wag
exceedingly plenty in the Holy Land. And it is remarkable,
that Tin and” Lead in this place, - ar¢ both mentioned, and
diftinguifhed ; fo that the latter cannot be taken or meant for
the former, as they have-been miftaken -and confounded together
for one Metal by others, though chara&eriftically diﬁrcnt.
By the fhips Solomon fent eut,- he had a return in one voyage
only, of no léfs than 420 talents of Gold ; therefore it is ex-
prefled, 1 Kings x. 27. ¢¢ Money was.in Jerufalem as Stones
‘¢ for plenty.” How vaftly ‘pleqti ull muft Tin have been then
in Jerufalem, to be fpoken of in the above figurative way ?.

. We cannot, however, ‘fay pofitively, that no other country
~ produced this Metal in thofe days; but if it was then known in
other nations, it was very little fought after, and was eftimated
as a ftaple by no country except Cornwall. Pliny fays, it was
found in Gallicia and Lufitania, but not at a depth or in
quantity to merit much attention. A Tinner, ‘in the time of
Richard earl of Cornwall and king of the. Romans, upon fome
difguft at home, went over to Saxony, and taught the natives
to feek for Tin, and render it merchantable : they have htlo
- t ‘
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this day fome workings for Tin, though of no further account,
than for their own confumption. Alonzo Barba, fays, that
they had rich veins of Tin at Oruro and Potofi; but their
vicinity to fuch immenfe Mines of Silter, is:the reafon of their
being never worked to any purpofe. A great deal of Tin has
been imported into Europe thefe latter years from the Moluccas,
fome bars of which the writer has feen equal to the beft Cornifh
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B O O K IL

CHAP L

Of the Strata of the Earth, and the Fiffures in which Metals
are found, their Dire&ion, Inclination, or Underlie.

EFORE we difcover the recefles of our Metals and
Minerals, it will be convenient for the reader to have fome
knowledge and acquaintance with the circumjacent. Strata,
which enclofe the obje@s of our enquiry: purfuant, therefore,
to the plan of a late ingenious author, upon our entrance on the
fubje@ before us, we will examine the fhell firft, and then con-

fider the kernel.

The Strata of different countries are various ; and from en-
quiry I cannot find that they are influenced by the atmofphere
or climate in any degree: and they are not only various, but
alternate in their extent, breadth, and depth, in all parts of the
world. In the Mining countries, they are found of different
denfities and gravity, Stratum fuper Stratum throughout ; fome
hard, fome foft, then hard and foft again. Thus we may find
u;;‘permoﬁ, a Stratum of Granite, or Moorftone-rock ; then a
{ofter Granite, called. Grouan; now Kellas; and fo on, to
the concave of the grand abyfs. Half a mile diftant, the layers
of Rock or Stone will be altogether changed in their pofitions
or complexions ; whereby no abfolute rule can be formed, to
decide upon the certainty of meeting with this or that Stratum,
before the induftrious Miner has laid them open to view.

I fhall not attempt to defcribe all the Strata that are to be
met with ; but fhall confine myfelf to Cornwall, and even that
part of it which is difpofed for Metal, within compafs of my
8vn Perfonal infpecion.

The general law of attradion evidently appears in the diftri-
bution of our Strata ; and their fpeciﬁc{ gravities feem nat to
determine them fo much as might be expe@ed : whence we

may
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tion aorth, and fouth, contrary to the metallick veins, which
generally keep their courfe through it, but the Lades are fre-
quently fqueezed up by its accompanying them fome length in
their courfe, or are {plit into many fmall hranches, Sometimes
the Fiffures or Lodes are thrown l{ort on one fide, out of their
dire& courfe as it were, by the extreme hardnefs of this Stratum,
and afterwards they recover their courfe again. At other times
the metallick veins are elevated or deprefled by it, though they
always recover their former diretion, and unite again; for
this Stratum wears out at a great depth, and -is fucceeded by
Killas. ,

Moorftone or Granite. . The name of Granite, which thefe
Strata have univerfally obtained, is 2 modern name given them
by the Itulian writers, on account of their being concreted into
grains, ‘or in a granulous firuéture, and not compa@ and uni-
form as the Marbles, &c. are; thence Granita i. ¢, ¢ granis
compofita. ‘The parte of Granite are not homogeneous, but are
different concretions of Quartz and Mice, The varieties are
compofed of black and white Talc, a dead earth net unlike the
white Boles or Pipe Clay, and true Cryftal.

We have five forts common to us, viz. the white, the dove -
voloured, the yellow, the red or Oriental Granite, and the
black or true Cornith N® 1 of Hill. Either of thefe as a Stra-
tum, is called 2 Hard Grouan Country, (in the Swedifh tongue
Graberg, and Graften) and the two laft are frequently fo bard
and invincible as to tire the patience and pocket. of the adven-
turers, and the labour of the workmen. Groman Strata: are
difpofed for Tin, which in fuch fituations is generally of a rich
‘qualicy, or cannet long be fought after or wrought in its almoft
impregnable walls. They arc feldom likely for Copper Ore ;
-and were long thought to be wholly adverfe to that Mineral, till.
the great Mine of Trefavean proved that rule exceptionable.

The Ire-ftone, or Iron-flone, is by much the hardeft of all
Strata, and Borrows this same from its extreme bardnefs; and
not becaufe it contains Iron. It is of a dark bluith colour, like
Lead that has been long expofed to the weather ; and ufually fo
-hard, that it muft be wrought with Steel borers, and then blown
. by gunpowder. 1t often keeps a courfe eaft and. weft like a
Lode, but is. commonly sery wide s ~and therefore it is very
tedious and chargeable, where an adit muft be driven acrofs
-tharougth it. It is-this Stratwem that is uppeemoft thraugh grea
. Part
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28 OF STRATA, AND FISSURES,

and commerce and the ornaments of life) would be endlefs, and
the expence of procuring exceed the value of the acquifition.

¢¢ Thefe Fiffures,” fays Agricola de Ortu, &c. ‘ were the
“ channels through which the waters retired at the time of the
¢¢ creation into the ocean, when the dry land made its firft ap-
¢« pearance:” and Woodward in his Nat. Hift. thinks they are
breaches made in the Strata by the retiring waters of the deluge,
prior to which #ra (according to his hypothefts) there could be
neither Fiffure nor Lode. The opinion of the former is eafily
trefuted ; for the walls of the Fiffures in fome places are too -
hard to be overcome, and to yicld to the power of any current
- of water; and in other places too fair and tender to endure the
force of fuch a torrent : befides, their eaft and weft dire&ion,
have not that tendency, in our parts, to difcharge into the ocean,
as they might feem to thow, if their courfes made for St. George’s
channel in the north, and the Britith channel in the fouth.
With regard to the latter opinion, our Shodes will noterioufly
evince the miftake ; as the Fiffure muft be antecedent to the
matter of its contents, whofe Shodes, it is generally belfeved,
were feparated from the fuperior part of the Lode by the retiring
diluvium. C . o

The infide of thofe Fiffures are commonly glidered or coated
over with a hard, cryftalline, earthy fubftance or rind, which
very often in breaking of hard Ore comes off with it, and is
vulgarly called the Caples or Walls of the Lode : but I take it
the proper walls of the Lode are the fides of the Fiffure itfelf,
and not this coat, which is the natural plaifter upon thofe walls,
furnithed perhaps by the contents of the Fiflures, or from

oozings of the environing Strata. We can prefently fee the

breadth of a Lode or of a branch, by the incrufted fides of the
Stones of Ore, if brought whole to grafs, although we were
never under-ground to take the meafure of it; therefore it is
common to fay, I perceive the breadth of this or that Lode,
““ to be fo many inches wide ; becaufe here are the fmaoth
“ walls or caplet affixed to and broke off with the Stones of
¢ Ore.” Butthis can be only in fmall Lodes, and hard Strata,
where the Lode breaks floney. If a Lode is inclinable to yield
any fort of Ote, it is the more promifing provided the caples or
walls of the Lode are regular and fmooth, or at leaft if one of
them is {0; but if they are uneven and rugged; it is the lefs
encouraging. There are, howewer, but few Lodes or Fiflures
‘that make regular walls, until they are funk on a few futlmm;.

- ' Thus,
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-~ Thus, the medullary or inner past of a Fiffyre, in which the
Ore lies, is all the way environed and bounded by two walls or
coats of Stone, which are generally parallel to each other, and
include the breadth of the veina or Lode; fo that when the
Miners dig down or along in a large Lede, then the roof, i. e.
the upper, the hanging wall, or ingumbent wall of the Lodg o5
Fiffure, is (in a certain propartion acqerding to its inaligation
or underlie) over their heads ; and the lower, or other 'wall ¢
rind, is under their feet : and further, whatever angle of in¢li-
nation fome Fiffures make at firft in the firm felid $trata, they
feldom vary from the fame in depth ; there are, however, fome
exceptions to this rule. Some Fiffures are wery upcertain gpd
different in fize ; for they may be very fmall near the furface,
or very wide in depth, and vice verfa; but as tq the regu,lag
breadth or largenefs of Lodes in their length or direGion, they |
generally make a great variation ; for although a Fiffure may be
many fathoms wide in ane particular place, yet, -a little furthes
eaft or weft, it may not perhaps be an inch wide.

This variation may happen fram feveral eaufes, but more
-efpecially in very compa@ $trata, when the Lode of Fiflyre is
{queezed, as it were, through means of hard rocks, which feem
to comprefs and ftraiten the Fiffure. However, a trie Lode,
Courfe, or Fiflure, is never entirely eut out or deftroyed by hard
rocks or Strata; for the Fiffure always continues threugh -the
hardnefs, yielding a rib or firing of metallick Ore, or elfc of 2
veiny fubftance’; which often ferves for a leader for the Miners

.o follow, until it fometimes brings ‘them again to a large and
rich part of the impregnated Fiflure : all which variety of fize
in the length, breadth, and depth of Fiffures, fhews that they

- are the immechanical operations of nature, to fix and fectle
different congeries of mixed bodies into their peculiar {bapes and
pofitions, :

As to the length and depth of Fiffures, perhaps they feldom

. admit of any period or limitation ; for none can tell hew Jong or
how deep they reach : but in regard of their breadth, thicknefs,
width, or largenefs, they are limited and various. Though the
depth of Fiffures is unlimited beyend the power of man to follow
after, -yet it appéars in general, that their fruitfulnefs for Metal
is diftin& and limited. The. richef! flate for Copper is between
forty and eighty fathoms deep, and for Tin between twenty and.
dixty 5 and though a great quantity may be railed of cither at
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110 OF THE INTERRUPTIONS OF MINES.

diftance. Let A A reprefent the true or metallick Lode, and
BBB the Slide, and the fraGure and remove will be feen

at -one glance; whence the reader may i,udge for himfelf;
how expeditioufly and certainly the metallick Lode may be

recovered.

 BOOK
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B OO K L

CHAP L
Of the various Methods of difcovering Mines.

UCRETIUS, who afcribes the firft difcovery. of

Metals to the burning down of woods, fays, that the
heat of the flames melted the Metals, which were difperfed
here and there in the veins of the earth, and made them flow
into one mafs: |

Whatever ’twas that gave thefe flames their birth,
Which burnt the tow’ring trees, and {corch’d the earth;
Hot ftreams of Silver, Gold, and Lead, and Brafs,

" . As nature gave a hollow, proper place, }
Defcended down, and form’d a glitt’ring mafs.
This when unhappy Mortals chanc’d to fpy,
And the gay colour pleas’d their childith eye ;}
They dug the certain caufe of mifery.

Cadmus, the Phenician, is, by fome, faid to have.been the
firft. who difcovered Gold ; others fay, that Thoas firft found
it,- in the mountain Pangzus in Thrace: the Chronicon Alex-
andrinum, afcribes it to Mercury, the fon of Jupiter; or to
Pifus, king of Italy, who quitting his.own country went into
Egypt ; where, after the death of Mifraim, the fon of Cham,
he was ele@ed to fucceed him in the royal dignity, and, for the
invention of Gold, was called the Golden God. Afchylus
attributes the invention of this, and all other Metals, to Pro-
metheus : and there are others who write, that either aclis,
whom Hyginus calls Czacus the fon of Jupiter, or Sol the fon
of Oceanus, firft difcovered Gold in Panchaia. Ariftotle fays,
- that fome fhepherds in Spain having fet fire to certain woods,
and heated the fubftance. of the earth, the Silver that was near
the furface of it, melted, and flowed together in a heap ; and
that a little while after there happened an earthquake, which
cleaved the earth, -and difclofed a vaft profufion of Silver.

: This
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of a young man, and again to his former appearanée : Circe
alfo changed the companions of Ulyfles ihto beafts, and again
reftoréd them to the human fhape ; and Mercury, with his rod
called Caduceus, gave fleep to the wakeful, and awakened
thofe that were afleep. And hence; in all probability, arofe
the application of the forked:rod to the difcovery of hidden

treafure. _ .

Neverghelefs we find ho mention made of this Virgula before
the eleventh century, fince which it has been in frequent ufe.
It was much talked of in France towards the end of the feven-
teenth centuty ; and the corpulcular philofophy was called in to
account for it. The corpuicles, it was faid, that rife from the
Minerals, entering the rod, determine it to bow down, in order
to render it parallel to the vertical linhes which the effliavia de-
fcribe in their rife. In effe@ the Mineral particles feem to be
emitted from the earth: now the Virgula being of a light
porbus wood, gives aft eafy paffage to thofe particles, which are
very fine and fubtle ; the efluvia then driven forwards by thofe
that follow them, and preffed at the fame tinre by the atmo-
fphere incumbent on them, are forced to entéx the litthe interftices
between the fibres of the wood, and by that effort they oblige
it tPincline, or dip down perpendicularly, to become paraliel
with the little columns which thofe vapours forim in their rife.

The prir'narKiand moft fimple affe®ions of matter, accordin
to the great Mr. Boyle, are¢ (1) Local Motion, (2) Size, (3

Shape, ahd (4) Reft. But becaufe there are foine others, that
haturally flow from thefe, and are, though net aleegether uni-
verfal, yet very genetal and pregnant, we fhall fubjoin Shofe
which are the mo%’f fertile principles of the Guulitiey of- bodies,
and other phenomena of mature. Thofe feflbr fragments of
matter, which we tall corpuftles ot particles, Rave certain local
tefpedts to- other bodies, and to ‘thofe Geurticns' wihich we
denominate From .the hérizon ;3 fo-that esék of thefe minute
‘ﬁ‘a%tments “thay have a particular (3) poftete or Pofition, u¢
eredt, inchinitig, horizontal, &t. ‘ahd as they refpedt us that
behold thetn, thete thay belang to them 4 ‘céreait’ (6) -order or
ébhfecution, wherehy we fay, “ofre is before or-behind' another s
and mahy of thefe fragments being affociated 1fito ‘o mafs or
‘bady, havea certain mantier of m’?i’dhg ropethér, which we ¢all
(%) texture or modificatiol, . AlmoR all bodies,  and thofe fluid
ohes that dre made up of grofiet parts, will havé {8) potes th
them : and very mahy bodies having particles, ‘which, by ‘¢heir
Y . . fmallnefs,
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fmalloels, or their loofe adherence to the bigger or more ftable
parts of bodies they belong to, are more eafily agitated, and
feparated from the reft by heat and other agents ; therefore there
will be great ftore of bodies, that will emit thofe fybtle emana-
tions, which are commonly called (g9) effluvia.

Each of thefe nine producers of phenomena, admit of a vari-
ety fcarcely credible. For not to defcend fo low as infenfible
corpuicles, (or thofe which are imperceptible to natural or
actificial opticks, many thonfands of them being requifite to
conflitute the fize of a muftard feed) what an innumerable
company of different bignefles may we conceive between the
bulk of a mite, {a crowd of which is neceflary to weigh one
grain) and a mountain, or the body of the fun! Figure, though
one of the moft fimple modes of matter, is capable of great va-
rieties, partly in regard of the furface or furfaces of the figured
corpufcles, (which may confift of fquares, triangles, pentagons,
&c.) and partly in regard of the fhape of the body itfelf, which
may be either flat like 4 cheefe, fpherical like a bullet, eliptical
like an egp, cubical like a die, cylindrical like 2 pump, hexagonal
pointed like a pyramid, or conical like a fugar loaf., And yet all
thefe fiputes are few comparad to thofe irregular thapes, which are
to be met with among rubbith, &c. So likewife motion, which
feems fo fimple a principle, efpecially in fimple bodies, may
even in them be wery much diverfified ; and as to the determi-
nation of metion, the body may move diretly upwards, or
downwards, declining, or horizontally, eaft, weft, north, or
fouth, &c. according to the ftuation of the impellent baedy.
There will likewife arife mew diverfifications, from the greater
or Jefler number of the moring corpuicles ; €éram their following
one another clofe, or more at a difamce, &c. from the thick-
nefs, thinness, poves,” and the conditions of the medium through

‘whicl they oves and from the equal or umequal celerity of
‘théds motion, and foroe of their impulfe : and the effpds of all

thefe are variable by the different ftgation and Bm@ure of the

. fenfories, or other ies, ‘on which ;hr:fc corpufcies ad,
 Now thesé are, Er, miny badies, that indiverlc cafes m@

not; unlefs they be atted on; znd fome of them ad, either

[olely or thiefly as they ab¢ aded on by commum and unheoded

agents. Secondly, thewe are certain fubtle bodies that are ready

" to infinvate themfelves into the pores of any body difpofed to
" adthit their ufbion, or by fome other way effe@ it. Thindly,
- there are bodies, which, by a mechumical change of sexture,

may
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may acquire or'lofe a fitnefs ‘to be wrought upon by fuch un-
noticed agents; and alfo to diverfify their operations on it, upon
the force of its varying texture. All thefe propofitions are
proved from the moft common,. though unheeded affairs and
occurrencies of human life ; as eafily, as the polarity and mag-
netifm of an old Iron bar taken from a church window, where
it has ftood upright for many centuries, is proved to derive its
_virtue from the magnetick cﬁluvia of the earth.

As many dcny, or at leaft doubt, the attributed propcrtxes of
the divining rod, ‘I fhall not take upon me, fingly to oppofe the
general opinion, although I am well- convinced of its abfolute
and :improveable virtues.” It does not become me to decide
upon fo controvertible a point ; particularly, as from my natural
conftitution of mind ‘and body, I am almoft incapable of co-
operating with its influence ; and, therefore, cannot, of my
own knowledge and experience, produce fatisfactory proofs of
its value and excellence. I fhall, however, give thofe accurate
obfervations on' the virtues of the Virgula Divinatoria, which I
have been favoured with: by my worthy friend Mr. William
Cookworthy, -of. Plymouth, . a man, -not lefs- efteemed for his
refined fenfe and unimpeachable veracity, than for his chemical
abilities. . It.is to him the publick "is indebted for the late
improvements-in the porcelain manufadory now eftablithed at
Briftol, ‘which; under his dire@ion, .is likely to-be rendered not
'lcﬁ clcgant and durablc than the beft Afiatick China." .

His firft knowled e of thc rod, he fays, was. from a captam
-Ribeira, who deferted the Spamfh fervice in queen Ann’s rei
and became the capt. commandant in the garrifan of Plymou'th
in which town he fatisfied feveral intelligent perfons of the
virtues' of the rod by many experiments-on, pieces -of Metal “hid
in the earth, and by the a&ual difcovery of & Copper Mine near
Oakhampton, :which was wroughtifor fome years. .- The captain -
made no difficulty to let.people fee.him ufe the- rod, but he was’
abfolutely tenacious of the fecret how to diftinguifth the different
Metals by it, without which, the knowledge of its attra&ion is
-of little ufe: ‘but’by a'clofe attention to his practice, the writer
has ~difcovered . this, and made ‘many other -difcoveries: of its
.properties, which he is.willing thould .be publifhed, being fully
perfuaded of the great uuhty -of this inflrument in Mineral
undertakings ;. and the reader may be affured, that he is-fully
‘convinted.of the truth .of what he commumcatcs from abunda.nt
and very clear ekperience. -

Captaln
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© Captain Ribeira held, that rods cut from the nut or other fruit-
bearing trees, were the only proper ones for this ufe ; and that the
virtue was confined to certain -perfons, and thofe comparatively
few. Agricola fays, ¢ If the attra&tive power of veins doés not
¢ turn the rod, when in the hands of fome particular metallifts
¢ or others, it is owing to.fome fingular occult quality in the
¢¢ holder, which impedes and reftrains the attra&ive power ;
¢¢ for fince that power moves and turns the rod, in the fame
¢ manner as the Lodeftone invites and attra&s Iron, it is
¢ debilitated and deftroyed by the occult quality in the holder,
¢ juft as garlick weakens and excludes the attradtive quality of
¢¢ the magnet, for a.magnet rubbed.over with juice of garlick
¢ does not draw Iron.” But this proves to be a miftake of
captain Ribeira ; for the virtue, as he calls it, refides in

. all perfons, and in all rods, under the circumftances hereafter

defcribed.

The rod is attrag@ed by all the Metals, by Coals, Bones,
Limeftone, and ‘Springs of Water, with diffefent degrees of
ftrength in the following order: 1 Gold, 2 Copper, 3.Iron,
4 Silver, 5 Tih, 6 Lead, 7 Coals, 8 Limeftoné¢ and Springs
of Water. One method to determine the different attractions
of the rod, is.this: Stand, holding the rod, -with one. foot
advanced ;  put a guinea under that foot, and a:halfpenny under
the other, and the rod will .be drawn down ; fhift the pieces of
money, and the rod will then be drawn towards the face or
backwards .to the Gold, which proves the. Gold to have the
ftronger atttadtion. . By trying all the fubje@s of the rod in the
fame manner, their refpe&ive attra&ions .in:point of ftrength
will be. found to correfpond with, -the order in which I have
already placed them. @ - - . Pt ;

The rods. formerly ufed, - were fhoots of one year’s: growth -
that grew forked, as figures .t and 2, plate 2;_ but it is fourid,
that two feparate fthoots tied together with fome vegetable fub-
ftance, as packthread; . will .anfwer rather’ bétter thanthofe
which are grown forked, “as their.fhoots being feldom of: equal

length or bignefs they do not handle fo well as the others, which
may be chofen of exaély the fame fize. " The {liape of the rod
thus prepared, will be between 24 and 3 feet long, like fig. 3,

plate 2. They muft be tied: togéther at their great or root ends,
the fmaller being to be held in the hands. Hazle rods cyt in
the winter, fuch as are ufed fog fithing rods, and kept till they
are dry, do beft; though Wherehthefe are not at hand, apple-

H tree
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tree fuckers, rods from peach-trees, currants, or the oak, though
green, will anfwer tolerably well. :

It is very difficult to defcribe the manner of holding and ufing
the rod : it ought to be held in the hands, in the pofition fig, 4,
plate 2, the fmaller ends lying flat or parallel to the horizon,
and the upper part in an elevation not perpendicular to it, but
70 degrees, as fig. 4, plate 2.

Alonzo Barba dire@s the rod to be fixed acrofs the head of a
walking ftick in form of a T, and the end which is neareft the
root will dip or incline to the Mineral Ore.

The rod being properly held by thofe with whom it will anfwer,
when the toe of the right foot is within the femi-diameter of
the piece of Metal or other fubje@ of the rod, it will be repelled
towards the face, and continue to be fo, while the foot is kept
from touching or being direé&ly over the fubje&; in which cafe,
it will be fenfibly and ftrongly attralted, and be drawn quite
down. The rod fhould be firmly and fteadily grafped ; for if,
when it hath begun to be attracted there be the %caﬁ imaginable
jirk, or oppofition to its attraction, it will not move any more,
till the hands are opened and a frefh grafp taken. The fironges
the grafp the livcfier the rod moves, provided the grafp be
fteady, and of an equal ftrength. This obfervation is very
neceflary, as the operation of the rod in many hands is defeated
purely by a jerk or counter acion ; and it is from thence eon-
cluded, there is no real efficacy in the rod, or that the perfon
who holds it wants the virtue ; whereas by a proper attentioa to
this circumftance in ufing it, five perfons in fix have the virtue
as it is called ; that is, the nut or fruit bearing rad will anfwer
in their hands. When the rod is drawn down, the hands muft
be opened, the rod raifed by the middle fingers, a frefh grafp
taken, and the rod held again in the dire@ion defcribed. E

A little pra&ice by a perfon in earneft about it, will foon give
him the neceffary adroitnefs in the ufe of this inftrument : but
it muft be particularly obferved, that as our animal fpirits ase
neceflary to this procefs, fo a man ought to hold the rod, with
the fame indifference and inattention to, or reafoning about it
or its effes, as he holds a fithing rod or a walking.ftick ; for
if the mind be occupied by doubts, reafoning, or any other
operation that engages the animal fpirits, it will divert their
powers from being exerted in this procefs, in which . their

‘ ' inftrumentality
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mﬁrumentahty is abfolutely neceffary ; from hence it is, that
the rod conftantly anfwers in the hands of peafants, women,
and children, who hold it fimply without puzzling their minds
with doubts or reafonings. Whatever may be thought of this
obfervation, it is a very juft one, and of great confequence in
the pradice of the rod.

If a rod, or the leaft piece of one, of the nut bearing or frult
kind, be put under the arm, it will totally deftroy the operatlon
of the Virgula Divinatoria in regard to all the fubjeds of it, except
water, in thofe hands in which the rod naturally operates. If
the leaft animal thréad, as filk, or worfted, or hair, be tied
round or fixt on the top "of the rod it will in like manner hin-
der its operation ; but the fame rod placed under the arm, or
the fame animal fubftances tied round or fixt on the top of the
rod, will make it work in thofé hands, in which, without thefe
additions, it is not attraed.

The: wxllow, and other rods, that will not anfwer in the
hands, in which the fruit or nut bearing rods are attraced, wil
anfwer-in thofe bands in Wthh the others will not; fo that all
perfons ufing fuitable rods in a proper manner, havc the virtue
as it is called of the rod. A piece of the fame willow placed
under the arm, or the filk, worfted, or hair, bound round, or
fixt to the top of it, will make it a.nfwcr with thofe to whom
the nut or fﬂut bearing rods are naturally fuitable, and in whofe
hands thhout thofe additions it would not anfwer.

All rods, in all hands. anfwcr to fprings of water.

. A pxccc of Gold hcld in thc hand, and touching the rod,
avill not only hinder its heing attraéted by this Mctal but, on

~ the contrary, the'rod will be repelled towards the face. It is

the fame in regard to Copper as wcll as Gold, if the latter is
hcld in thc hand. -

If Iron is fo held the rod w1ll be repclled b that means.
If any of the white Metals, viz. Silver, Lead, or Tm, be held
in the hand, the rod will not be httra but repelled by all
thofe Metals. . It is the fache iish onc. Bone, and Coal.
And, vice verfa, if a perforl with whom the rod doth not natu-

rally operate, holds a picce iof Gold .in his hand, the rod will
then be attra@ed by Gold and Copper. The fame holds good

-with all fubje&s of the rod.

On
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driving adits, as the driving an adit through a Crofs-Goffan is
much eafier than through the country.

In feeking for water by the rod, no notice is to be taken of
thofe fingle attra&ions of the rod which are occafioned by the
commiffures or crevices (called Cafes of Water by the Tinners)
between the courfes or diftiné runs of Killas; but a vein muft
be found, which anfwers to the rod as a Metal, and if this is
funk unto a proper depth, a good quantity of water will be
difcovered.

It may not be amifs to clofe this little effay on the Virgula
Divinatoria, with fome few ftriking inftances of courfes, that
have been cut by means of it in Corawall.

A quantity of grain Tin having been found in the pond at
Heligan, the feat of the reverend Mr. Henry Hawkins Tremayne;
and it being a queftion, whether this Tin might not come from
fome neighbouring Lode, it was difcovered by the rod and funk
upon ; but it proved a barren Vein for Metal in any quantity.
A fhaft was funk at St. Germains, near the houfe of Francis
Fox, to difcover water ; it drew the rod as Iron, and contained
Mundick : another fhaft was funk between Penzance and
Newlyn, according to the direction of the rod ; the faft lay deep
beneath the furface, but a Lode containing much Mundick was
difcovered. In a clofe juft by St. Auftle, to fatisfy the curiofity
of fome gentlemen, Mr. Cookworthy difcovered by the rod the
back of a Lode that had been wrought, but not turning to
advantage the undertaking had been dropped, and the ground
levelled. This Lode was traced juft as the Miners informed the
gentlemen it ran; and the Lode appearing by the rod at a cer-
tain place to be {queezed to nothing, the Miners declared this
alfo to be true ; for at this very fpot where the Lode was thus
fqueezed, they loft it. Being required to difcover a Lode that
had been tried in the cliff under St. Auftle Down, he found it
in the country by the rod, and traced it to the cliff. It was a
large Goflan-Lode ; and as the attradtion was found to ftop,
and after pafling on a foot er two to begin again, he declared
this was a cleft Lode, and ‘had what the Miners call 2 Horfe
in it, which the Miners prefent who had wrought in it declared
to be true. a

Hence it is very obvious, how ufefui the rod may be for
difcovery of Lodes, in the hands of an adept in that fcience}
but
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but it is remarkable, that although it inclines to all Metals in
the hands of unfkilful perfons, and to fome more quick and
lively than to others, yet it has been found to dip equally to a
poor Lode, and to a rich one. I 'know that a grain' of Metal
attrads the Virgula, as ftrongly as a pound ; nor is this any dif-
advantage in its ufe in Mining ; for if it difcovered only rich
Mines, or the richer parts of a Mine, the great prizes in the
Mining lottery would be foon drawn, and future adventurers
would be difcouraged from trying their fortune. But, indeed,
.we are {o plentlfully ftored with Tin and Copper Lodes, that
fome accident every week difcovers to us a freth Vein; rich
Mines having been feveral times difcovered by children playing,
and 'digging pits in imitation of fhafts, whereby profits have
arifen to their parents and others ; and thefe puerile difcoveries
have in fundry places borne the name of Huel -Boys to this day

Another way of difcovering Lodes is by finking little pits
through the loofe ground, down to the faft or folid country,
from fix to twelve feet deep, and driving from one to another
acrofs the dire@ion of the Vein; fo that they muft neceﬁimly
meet with every Vein lying within the extent of thefe pits ; for
"moft of them come up as high as the fuperficies of the firm
rock, and fometimes a {mall matter above it. This way of
feeking, the Tinners call Cofteening, from Cothas Stean ; that
*is, fallen or dropt Tin.

Another and very ancient method of difcovering Tin Lodes,
is by what we call Shodeing ; that is, tracing them home by
loofe Stones, fragments, or Shodes (from the Teutonick Shutten
to pour forth) which have been feparated, and carried off, per-
haps, to a confiderable diftance from the Vein, and are found by
chance in running waters, on, the fuperficies of the ground,. or
a little under.

When the Tinners meet with a loofe fingle ftone of Tin Ore,
either in a valley, or in plowing, or hedgmg, though at a
hundred ' fathoms diftance from the Vein it came from ; thofe
who are accuftomed to this work, will not fail to ﬁnd it out.
They confider, that a metallick Stone muft originally have ap-
pertained to fome Vein, from which it was fevered and caft at a
diftance by fome violent means. The deluge, they fuppofe,
moved moft of the loofe earthy coat of the globe ; and, in many
places, wafhed it off from the upper, towards the lower grounds,
with fuch a force, that moft of the backs of Lodes or Veins(which

protruded
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protruded themfelves above the faft, were hurried downwards
‘with the common mafs : whence the fkill in this part of their
bufinefs, lies much in dir¢@ing their meafures according to the
fituation of the furface.

Upon the top of moft Tin Lodes, in the fhelf or ftratum
under the loofe mould and rubbifh of the earth, is that minera-
lized fubftance, which is called the Broil or Bryle of the Lode.
Though it is a part of the Lode, yet it is different in fituation
and appearance from all other parts of it; forafmuch as it is
not confined between two walls, the ftratum fo near the furface
being of a more lax tender texture, than in the folid rock a fathom
or two under it. The Bryle, therefore, is very loofe, and in
fome places {carcely metallick, for want of depth, and of thofe
lateral chinks and cracks, which feed and nourifh the Lode, at
deeper levels, with Mineral principles educed from the ftrata of
the earth.

Such is the Bryle of a Lode ; confequently, when the waters
of the deluge retired into their refervoir, great part of the Bryles
of Lodes were carried off by the force of the waters to various
diftances, according to the gravity of Shode Stones, and the de-
clination of the plane upon which they were difperfed. Tinners
who defcribe this diftribution of Shode, to make it more eafily
underftood, compare it to a bucket of water difcharged upon
the declivity of a hill ; near the bucket, it will take up but a
fmall {pace ; but as it defcends, will {pread wider, in the man-
ner of a truncated cone. '

Hence it is manifeft to.reafon and experience, that the more
diftant Shodes are from the Bryle of the Lode, the more diverged
they are, and fewer in number; and, by parity of reafoning,
they are more in quantity near to the Bryle, and are colle&ively
in lefs fpace. Neverthelefs, in fome certain fituations, they
are in greater quantities in valleys, than on the tops or fides of
hills ; but fuch are {fmaller, and more eafily carried down by
water, and formed into ftrata, which furnifth our ftream works.
In level ground, they are found {carcely removed from the
Bryle; but on a deéclivity, they are always found "difperfed on
the fides of the hill, at a greater or lefs diftance, in proportion,
to the length or declivity thereof, and their own fpecifick
weight : confequently, the heavieft Stones are neareft to the
Lode, and the lighter are protruded to a greater diftance (even

to five miles diftance, as it is faid in Philos. Tranfaions no. 69)
K k which
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which are alfo nearer to the foil, by means of their levity and
fize ; while the more grofs and weighty lie deeper interred as
they are nearer the Lode. It is almoft needlefs to obferve, that
as the texture, gravity, and black or brown colours of Tin
Shodes, are different from all others; fo they are thereby known
and diftinguifhed, as well as by the fmoothnefs of them a great
diftance from the Lode, and the acutenefs of their angles when
near to it ; which entirely depends upon the trituration the
have undergone, rolling over rough furfaces, by the force of
~water, and the attrition of other bodies pafling over them.

Henckell and Rofler fay, ¢ That Mundick -Shode is very
¢ common ; and that Wolfram, Granate, and Iron Corns, na
¢¢ Quickfilver, are found in Shode and Stream.” ¢¢All of which,”
Henckell further fays, ¢ were wafthed and tore away from their
¢ Veins, by the violence of the Noachian deluge.”

Copper and Lead Shodes are very feldom met with ; yet fuch
there are. Their Bryles being chiefly compofed. of tender un-
metallick Goffan, is not fo well difpofed for bearing that force
and attrition, as the more ftoney matter of Tin Lodes are ; and
the former generally is not mineralized into Copper Ore at the
Bryle.

It is a miftake in thofe who deny the exiftence.of any other
Shode but Tin; fo far from it,” every hard ftratum of the
earth which is uppermoft, will fhew us numbers of their Shodes
difperfed from them at a diftance, and reclined upon ftrata of
quite different natures, as hills and vallies are fituated to hel
forward or retain thofe rocky fragments. I think our diftin& loofe
Moorftone, or Granite rocks, upon the fides, and at the bottoms
of our mountains, are the Shodes of their ftrata underneath ;
and many large Shodes of Ireftone are to be feen, though in lefs
plenty, difperfed upon Killas ftrata at a diftance from their
parent rock : all of which are inconteftible witnefles of thofe
violent conquaffations and convulfions of our country, at the

time of the flood.

It is much to be lamented, that the fcience of Shoding is
greatly loft in the prefent age. Among all our Miners, we
have not fifty, who {cientifically or experimentally underftand
any thing of the matter ; and thofe that are intelligent therein,

are become old and feeble ; whereby it is much to be feared,
that
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Stream, which is intermixed with ftones, gravel, and clay, as
it was torn from the adjacent hills. o

When he finks down to the Tin ftratum,.-he takes a fhovel
full of it, and wathes off all the wafte ; and from the Tin which
is left behind upon the fhovel, he judges whether that ground
is worth the working or not. If it is proving work, he then
goes down to the loweft or deepeft part of the valley, and digs
an open trench, like the tail or low flovan of an adit, which he:
calls a Level, taking the utmoft care to lofe no levels in bringing:
it home to the.Stream. This level ferves to drain and carry off
all water and wafte from the workings, in proportion as he hath
a weak or powerful current of water to run through it. Some
places are very poor and not worth the expence’ for working ;
others again are very rich and thence called Beuheyle or Living
Stream, as is moft commonly the cafe if it is of a Grouan
pature, which being more lax and fandy, is more eafily fepa-
rated from its native place or Lode, and therefore more abun- .
dant and rich in quality according to the known excellence of
Grouan Tin. . .

In the Jatter cafe, the Streamer carries off what he calls the
Overburden, viz. . the loofe earth, rubble, or ftene, which
covers ‘the Stream, fo far and fo large, as he can manage with
conveniency to his employment. If in the progrefs of his
working he is hindered, he teems (or lades) it out, with a
fcoop, or difcharges it by a hand pump: but if thofe fimple
methods are infufficient, he ere@s a rag and chain pump fo
called ; or if d rivulet of water is to be rented cheaply at grafs,
he ere@s a water wheel with ballance bobs, and thereby keeps
his workings clear from fuperfluous water, by difcharging it
into his level : mean while his men are digging up the Stream
Tin, and wafthing it at the fame time, by cafting every fhovel
full of it, as it rifes, into a Tye, which is an inclined plane of
boards for the water to run off, about four feet wide, four high,
and nine feet long, in which, with fhovels, they turn it over
and over again under a cafcade of water that wathes through
it, and feparates the wafte from the Tin, till it becomes one

half Tin. .

Though there is little dexterity in this manceuvre, yet care is
requifite to throw off the Stent or rubble from the tye to itfelf,
whilft another picks out the Stones of Tin from the Garde or
{maller pryany part of it. During this operation, the beft of

’ Mm : the
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the Tin, by its {uperior gravity, colle@s in the head of the tye
dire@ly under the cafcade ; and by degrees becomes more full
of wafte, as it defcends from that place to the end or tail of the
tye, where it is not worth the faving. If ‘there is a copious
ftream of water near at hand, they caft this refufe into it, by
which it is carried fo far as to make its exit into the fea, for
which pra&ice- they certainly deferve our fevereft cenfure; at
. leaft, if the choaking of harbours and rivers, and the deftru&ion
of thoufands of acres of improvable meadow land, are not more.
than an equivalent for the cafual and temporary profits arifing
from Stream Tin.

I need not mention, that in the ufual method of Streamiang
for Tin, the foil is either thrown into the bed of the rivers, or
buried under the gravel and ftones that form the interior ftrata ;
by which fuch land is rendered irreclaimable. That the Baunder,
or working Tinner, fhould thus wantonly deftroy what he bad
no intereft in preferving, feems by no means extraordinary ; but
. ¢an we fay the fame for the lord of the foil ?

Surely, it did not require any great degree of penetration, to
have comprehended Streaming and Draining under one idea,
and thus have made the improvement of the furface go hand in
band with the extraction of the Tin. The additional trouble
of removing back the foil in heaps, and levelling the Stream
ground to eeceive it, is fo little that I know, by feveral ip-
ftances, the Tinner will have but little relu@ance in acceeding
to ; which the reader will readily apprehend when I aflure him,
the ovesburden upon the Stream is digged and rolled off at fome
diftance, for only eightpence a cubick fathom ; but at all events
it is the intereft of the proprietor to have it done, either by the
Streamer or fome other perfon.  This method has been purfued
in fome parts of the county of Cornwall, and has been attended
with the fuccefs fo laudable an wundertaking merits ; as thereby
thofe fprings which lie too deep for the ordinary modes of
dramming, have becen moft effectually cured. I hope I thall nat
be accufed of exaggeration when I affert, that the rental of this
county, by following this obvious method of procedure, might
have been increafed in a proportion almoft equal to the prefent
value of the Stream Tin; and this too without leflening its

produce, or injuring in the finalleft dégree the ducal revenue.

Tﬁat this ‘pn&ice was not adopted by our anceflars, was
owing to the fmall comparative value of land in_thofe days,

cbnﬁdering
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. confidering either the ftate of population or the urcestain dnd
precarious tenures under their feudal lords. . But when Britona
have long fince wrefted, from their petty monarchs, the pre-
-perty of the foil, together with the invaluable privilege of
tranimitting their improvements from father to fom, that a

cuftom fo injurious to the community, as well as to the indivi~
dual, fhould ftill continue ;

¢¢ pudet hzc opprobria nobis’
¢ Et dici potuifife, et non petuiffe refelli.”

After the Tin is thus partly drefled in the raifing of it, they
carry it to grafs ; and when a competent quantity is colle&ed,
they proceed to drefs it for blowing. There are feveral ways
~ of drefling this kind of Tin; but the general method is, to
make what they call a Gounce, which is nothing more than a
fmall tie before defcribed, and what we call in the Mining parts
a Stréke, in which the fmaller tin is wathed over again as was
done before in the tye, but with a lefs current of water, and a
larger degree of care and caution, left the Tin be carried off with
it.. The richer part of the Tin, as before mentioned, ltes nearcfb
the head of the gounce, which is carefully taken up, divided, ot
kept feparate, according to its goodnefs, and put into large vats
or kieves ; while the walte that lies in the hinder part of the
gounce, is dreffed over again, till all the Tin is taken out, and
the remaining wafte becomes abfolute refufe. The Tin is
then fifted through wood or wire fieves, whereby the greater
particles are divided from the fmaller ; by this method, likewife,
the wafte from its levity lies uppermoft in the fieve, which is
carefully fkimmed off, and laid afide to work over again. The
fmalleft Tin which pafles through the wire fieve, is put into
another finely weaved hosfe-hair fieve, called a Dilluer, hy
which and the fkill of the workman, it is made merchantable.
Some of the nodules or lumps of Tin are blowed or fmelted as
they come out of the tie; but thofe which are mixed widh
wafte, are put with the refufe of the garde and poor Tin, whick
were in the tails of the tye and govinee, dnd being fent ta tho
ftamping mill, are triturated and pulverifed, fo that all wifte
may be cleared from the Tim by fundry ablutions, the fame as
are performed in the drefling of Mine-Fin. ! ..

Befides thefe Stream warks, we have another fott of them
occafioned by the refufe and leavings from the flamping mills,
&c. which are carried by the rivers dowi» te the loires groundsy

and
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and after fome years lying and colle@ing there, yield fome
money to the laborious dreffers, whom they diftinguith by the
name Lappiors, I fuppofe from the Cornith word Lappior,
which fignifying a Dancer, is applied to them, from'the boys
and girls employed in-this work, and moving up and down in
the buddles, to feparate the Tin from the refufe, with naked
feet like to the ancient Dancers. I have been told, that about
feventy years back, the low lands and fands under Perran Ar-
wothall, which are covered almoft every tide with the fea,

have, on its going off, employed fome hundreds of poor men,

women, and children, incapable of earning their bread by any
other means. To return: o

Stream Tin being prepared and made ready for blawing with
a charcoal fire, is carried to the blaft furnace, which is called
a Blowing-Houfe ; where, formerly, the Tinner might have his
Tin blown, paying the owner of the houfe twenty fhillings for
every tide or twelve hours, for which the blower was obliged to
deliver to the Tinner, at the enfuing coinage, one hundred grofs
weight of white Tin for every three feet, or one hundred and

eighty pounds of Stream Tin fo blown; which is equal to

fourteen pounds of Metal for twenty of Mineral, clear of all
expence. Now, that the blowing-houfes are farmed, the Tin

is ufually blown and fold by fample, as the Mine-T'in is at the

reverberatory furnaces.

The furnace itfelf for blowing the Tin, is called the Caftle, on
“account of its ftrength, being of maflive ftones cramped together
with Iron to endure the united force of fire and air. This fire
is. made with charcoal excited by two large bellows, which are
worked by a water wheel, the fame as at the Iron forges. They
are about eight feet long, and two and a half wide at-the
breadeft part. The fire place, or caftle, is about fix feet per-
pendicular, -two feet wide. in the top part each way, and about
fourteen inches in the bottom, all made of moorftone and clay,
well cemented and cramped together. The pipe or nofe of
cach bellows is fixed ten inches high from the bottom of the
caftle, in a large piece of wrought Iron, called the Hearth-Eye.
The Tin and charcoal are laid in the caftle, ftratum fuper ftra-
tum, in fuch quantities as are thought proper ; fo that from eight
to twelve hundred weight of Tin, by the confumption of eighteen
to twenty-four fixty gallon packs of charcoal, may be fmelted
in.a tide or twelve hours time. Thofe bellows are not only
ufeful for igniting .the charcoal, .but they throw in a fteady and

powerful
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powerful air into the caftle ; which, at the fame time that it
{melts the Tin, forces it out alfo through a hole at the bottom of
the caftle, about four inches high, and one inch and a half wide,
into’ a moorftone trough fix feet and a half high, and one foot
wide, called the Float ; whence it is laded into lefler troughs or
moulds, each of which contains about three hundred of Metal,
called Slabs, Blocks, or Pieces of .Tin, in which fize and form
it is fold in every market in Europe; and on account of its
fuperior quality is known by the name of Grain Tin, which
brought a price formerly of feven fhillings, that is further
advanced, the laft two or three years, to ten or twelve fhillings
3 hundred more than Mine Tin is fold for, becaufe it is fmelted

from a pure Mineral by a charcoal fire ; whereas Mine Tin is

ufually corrupted with fome portion of Mundick, and other
Minerals, and is always fmelted with a bituminous fire, which
. communicates a harfh fulphureous injurious quality to the

Metal.

CHAP IIL

Of Bounds and the Manner of taking a Set or Grant for
~ Mining ; of Sinking of Shafts, Driving: of Adits, Digging
* and Raifing of Ores, and Working the Mines, &c.

REVIOUS to the working of a Tin- Mine, a Grant
or liberty muft firft be procured from the lord of the foil,
if it is in Several and not bounded ; but if the ground is in
Waftrel and bounded, 'no liberty from the lord is neceflary, but
from the Bounder only. Thefe Bounds are limited portions or
. pieces of land, enjoyed by the owners of them in refpe& of Tin
only ; and by virtue of an ancient prefcription or liberty for
encouragement to the Tinners. ~They are limited by holes cut
in the turf, and the foil turned back upon the turf which is cut,
in form of a mole hill, and dire&ly facing another of the like
kind ; thefe are called Cornérs of the Bounds, containing fome-
times an acre, fometimes.more, and often lefs. By drawing
ftraight lines from the Corners, the extent of thefe Bounds is
determined ; in like'manner as in geometry, by drawing ftraight
lines from three or four. points, the extent of a triangular or

quadrangular fuperficies is known.

N'n_..i . | By
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" By obferving the legal forms, if the land is neither bounded
nor inclofed, but a Waftrel or common, then may any one mark
out Bounds there, and fearch for Tin ; but, in compliance with
the Stannary laws, whoever intends to cut a Tin Bounds muft
firft give three months notice of his intention in the Stannary
court, and to the lord, for him to fthew caufe why it fhall not
be done. By this procedure, the lord is advertifed of a certain
lofs to himfelf, whence he prefents an inftrument, praying for
liberty and enrolment of fuch Bounds within that Stannary, to
his own behoof and benefit; whereby it is pretty clear, that
new Bounds ate at this day very feldom cut, to which the late
gentlemen Stannators no doubt had an eye; becaufe it is no
uncommon thing for Bounters who have no title to any part of
an eflate above-ground, to grant fets for Tin without the leaft
exception in favour of the Lord whofe eftate -on the green fide
is oftentimes damaged by the deftruttion of the foil and the
- levelling of his fences, and fo forth. The damage, however]
is fometimes little to the lord of the foil, who has a fifteenth
part of all that rifes, which is fome compenfation for his lofs.

It may be very difficult to afcertain the precife date when
Bounds firft commenced ; but by confulting' fome manufcri
which were lent me by Francis Gregor, Efq; of Trewarthenick,
whofe father had been an able and upright vice-warden of our
Stannaries, I obferve that the Tinners wrought for their Tin by
cuftom, until the 33d of Edward the firft, which was fixty-
four years aftér the Jews were banithed," when they procured
their chartet, which was obtained at the follicitation of the
lords of Trethewy, Bofwithgy, Treverbyn, Prideaux, Trenuns,
Auftell, Tromedry, Tregarrick, and Milliack, who. obliged theic
- {ands to pay affent, and do fervioe to the law courts ¢reced by
the charter. I elfowhere find by fome manvicript papess of
John Cooke, Efg; ome of the Stannators for Bladkmeore, - xrth
of Clhiarles _tle gﬁi‘, ¢ Tiat by ocaafion of certain difputes, -
“ and che Tynmers having gizate profitts by thieir Tyon wroiight
“ _from time do time by.cufbom, umtill the 33d year of king
< Hdward the frfl, A. I 1306 ; it was bhen thought goof foi
¢ the Tynners to procard by charter from the prince, frecly to
¢ grant¢ unto them libertye to digg and fearch far Tynn in any
< place wivere Tynn mighte be found ; and a court eo deers
“¢ maimre adl ‘matters and ocanfts betveen Tynnors.’”: Accendingly
I find this liberty expreflly gramted 'in the faid. thatter, wiich
fays, ¢ We have granted alfo to the Tynners, that they may
¢ digge Tynn and turf for the melting of the Tynnj c;ery

' ‘ where
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¢ where in our’lands, moores, and waftes ; and of all other

¢ perfons whatfaever, in the county aforefaid.” Mr. Beare alfo;
~in Eis Bayliff of Blackmore a manufcript of ancient note, in his
difcourfe upon what the Tynsners did before the chartexr was
granted, fays, ¢ That they always ufed to warke, and fearch
¢ far. Tynn in wafterall grounds, and eHo in the printe's
¢ Severall, where any Tynne mighte be gotten ; having likewife
¢¢ libertye to digge, mine, {earch, make 8hafts, pitch Bounds;
¢¢ and for Tynne to worke in places of their moft advahtages:
¢¢ excepting only fan&uary grounde, church yards, mills, back
¢ houfes, and gardens; paying only to the prince or lord of
“ the foyle, the fifteenth part to and for the toll of their
€¢ Tynn‘” .

“The fum of all the intelligence I can procure, inclines me to
judge, that all Tin was at furft the pofieffionary right of him
who had the goverhment of the county, and from whom the
liberty was granted, (or from the king) immodiately to the
fearcher. (Plow. Com. Pearce’s Stannary Laws; Sir Johm
Doddridge.) | . i

Without determining when a cuftom of that kind commenced,
it is very natural to fuppofe, that thofe grants were limited and
circum{cribed within certain Bounds, beyond which, as at this
day, the fearchers dared mot to pafs. The acquifition of this
valuable property, could not admit of its being in common ;
but under certain limits, and prefcriptive forms, it muft have
been kept feparate-and divided between the fundry proprietors ;
in order that each perfon mi?t know and preferve his owa

roperty. Whatever modes of partition the moderns might
Eave thought of, there yet feems none more fimple and decifive
than thofe here defcribed, which have exifted from their firft
adoption to the prefent hour. Notwithftanding this, -by .the
negligence of fome owners of Bounds, the knavery of athers, and
the glorious uncertainty and - chitane of ‘the law, no Stannary
. affairs are fo fertile of wrangles;and -difpuites ds thofe which
relate to Tin Bounds. I s :

The firft inflitution of thoki enflomary tenures, for the en-
couragement of fearching for Tin, was laudable and wife ; but
the late increafe of Tin and difcovety of Lodes, together with
the prefent improvements in:Mining, tery much diminifh the
neceffity of this kind of encouragemedt, On the contrary, from
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very good reafons I can affert, it would be well for this country
in general, if Tin Bounds were totally. obliterated.

To preferve the right of a Bounds, it ought to be renewed
once every year, which is performed in different Bounds on
different faints days, as St. John, St. Peter, St. Paul, &c. by
the fervant called the Tollur, the Renewer, or the Bounder,
who cuts out a turf from each hole or corner, which he places
upon the top of the little bank formed by the turfs already laid
there, and declares the renewal to be on the behalf of fuch
perfon or perfons, the Bounds owners ; from whence. he gene-
rally goes to fome houfe of entertainment, and takes a dinner,
and other refrefhment, in order to celebrate .and commemorate
that annual renewing day.

. In Several, no man can fearch for Tin without. leave
firft obtained from the lord of the foil, who, when a Mine is
found, may work it himfelf, or affociate partners, or fet it out
at a farm certain, or leave it unwrought at .his pleafure. In
Walftrel, it is lawful for the bounder, or any other perfon having
liberty from him, to dig and fearch for Tin, provided that he
acknowledges the lord’s right, by fharing out unto him a fif-
teenth part of the-whole. Then it is lawful for the Bounder to
. take out one-twelfth, or in fome places by peculiar cuftom one-

tenth of the remainder. .Tinners may drive an Adit through
others Bounds without their liberty, only as a pafiage for their
water ; but if they break Tin or difcover a Lode in their drift
or finking of Shafts, they have no benefit of the faid Tin or
Lode, but fhall leave it wholly to the owners of the Bounds
within which it is. . .

. The ufual grant for Tin where it is not bounded, is the fame
as for Copper ; and the acknowledgment, Difh, or Dues paid
to the lord, is commonly.one-fixth, feventh, eighth, ninth, even
to one-twelfth, or lefs under fome peculiar circumftanccs ; only
that the dues. for Copper are payable in money, and for Tin in
the Stone or Mineral Ore, and fometimes in white Tin or Metal.
This grant by leafe, is called a Set for Tin or Copper, and runs
for one and twenty years certain. But a Set of a Bounds for
Tin, though verbal, is perpetual, and never ends while it is
wrought according to the laws and cuftoms.of the Stannaries ;
that is, if the Tinner has been in quiet pofleflion for the {pace
wof one year.and -a day, he may ftill keep his holding at five
-{hillings expence annually, laid out upon the premifes. This
| is
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incommodious ; then it is proper to put down anothet Shaft as

before defcribed, or more to the north, becaufe it will be more

. convenient, the longer it continues downright. Mean while,

they are mindful to fink their firft Shaft in order that they may
work away the Lode from thence in Stopes, and have a little
Sump or pit in that place as a bafon for receiving the water of
the Lode, whence they difcharge it to grafs by the eafieft method

they can devife : for moft Lodes have ftreams of ‘water running

through them ; and when they are found dry, it feems to be

owing to the waters having been forced to change their courfe,

either becaufe the Lode has ftopped up the old paffages, or

becaufe fome new or more eafy ones are made, whereby the

Lode and ftrata adjacent to it are bleeded as we term it. How-

ever, they are often hindered from going down deep enough to

find any great quantity of Ore, by the burden of water that

moft Veins abound with ; therefore, if the Mine is not encou-

raging, they give over any further purfuit ; but if it feems likely
to prove well, and the Lode lies in an afcending ground, they

quit the Vein for the prefent, and go down to the moft conve-

nient place in the valley, "and from thence they bring a Trench,

Drain, or Conduit, which they call an Adit, Tye, or Level ;

and {o they work and drive. this paffage through the hill in 2

right line to the Lode, with very little lofs of the level they

began from. .

Where the Adit is intended only for the fake of unwatering
one particular Vein, it is frequently advifeable to bring it home
on the courfe of it, if the fituation of the ground will admit,
becaufe this is a continual trial of it at that depth: yet, if
there are many Lodes not far afunder, an Adit brought home
athwart them may {fometimes be preferable, if it can be conve-
niently complied with ; for the fituation of the ground muft be
well confidered, to judge how to drive home the moft fhort,
deep, fpeedy, and cheap Adit, with the moft probable fuccefs.

- If the hill takes its courfe eaft and weft a confiderable length,
and the difcovery of the Vein is very far from a valley at either
end of the hill, there may be no choice in the matter; for the
fhorteft and cheapeft Adit will of courfe be driven from the
north or fouth, unlefs moorftone or ireftone flrata intervene,
It then behoves the adventurers to feek for a Crofs-Goflan,
where it lies convenient in diftance from the difcovery, to bring
home the Adit in; and provided the Goflan does not exceed
three feet in width, it is reckoned very favourable, becaufe the

Pp Adit
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Saller, the boards being hollow underneath, air is conveyed to-

the workmen. .

To make thefe matters clear with regard to driving and Saller-
ing an Adit, let us fuppofe A to be the loft {lovan oz tail of the
Adit, the level from which the Adit was firft driven, all open
to grafs, till it took into the fide of the hill B. A little further .
on they put down an Adit Shaft for air, or conveyance of the
deads from the Adit. The next Shaft C, was funk for the fame .
purpofes ; and fo was D, which is reprefented as the prefent,
working Shaft, for the other Shaft E is not funk down upen the
Adit end F. For want of the Shaft E being holed upon the¢
" end F, the air is very clofe and fuffocating ; nay, the Adit end
muft be deferted for want of air. Ta remedy this, they go
behind the thaft D, and put in a Saller, or clofe ftage of boards
G, about one foot high from the bottom of the Adit, which ia
continued within five or fix feet to the end at H, where it is
open and difcharges the air back through the Adit and up the
Shaft I I, becaufe that is totally ftopped by an exceeding clofe
door at K. There is another way ofP forcing dewn air by an air
pipe, as at the Shaft C; * the top of which L, can be turned
towards the wind when it blows from any quarter, and receives
the air which is forced down through the funne¢l M into the
Adit at N, whence it circulates back again through the former
workings.

" This air pipe is feldom ufed in Adits, becaufe the Saller
is more cheap and eafy, the difference of expence in the air
pipe being confiderable where an Adit Shaft is thirty or forty
fathoms deep ; befides, the Saller under the workmen’s feet is
lefs incommodious, than the funnel over their heads : neverthe-
lefs, this air pipe is of indifpenfable ufe in the finking a Shaft
that is void of circulation of good air, and it is feldom that a
Shaft of forty fathoms depth can be funk without an air pipe all
the way down from grafs, provided the Shaft has no communi-
cation, by drift or Gunnies, with fore other parts of the workings.
It muft be noted, that great care is requifite to ftop clofe every
. crevice of the air pipe, or the Saller, with clay or pitch and
oakum, fo that not a breath of air fhall efcape. The Saller,
indeed, may be covered clofe with turf and earth laid all round
and upon. it ; whereby no air can have vent but at its proper
place El By duly attending to this circumftance,. an Adit may
be driven beyond one hundred and fifty fathoms, before a Shaft
need be fupk down upon it. This is an affair of no mean

confequence,

-
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confequence, where a Shaft muft be funk very deep in exceéding
hard ground. ‘

* Sir Robert Moray, in the Philofophical Tranfa&ions No. s,
has communicated a method pradifed at Liege for driving of
Adits without air Shafts, by erecting a chimney thirty feet high,
at the tail or loft flovan of the Adit, from whence an air pipe is
continued through the Adit ; whereby all foul air at that place
is invited or drawn, by the fire, from the working part or end
of the Adit unto the chimney, where it enters under the grate
filled with live coal and fufpended in the middle of the chimney.
This may ferve, where the air is rendered noxious by fulphureous
or vitriolick effluvia, to carry it off by the funnel into the
chimney ; but in our Adits we have no vapourous fumes to
“difcharge. With us it is an abfolute want of air, or circulation
thereof ; fo that our relief is only acquired by pouring in a frefh
current of air, and continuing the circulation as freely and

uniformly as ‘poffible. - /

* The numerous little eminencies that compofe the face of our
country, where the Mines are fituate, afford us great advantages
for Adits to unwater the Veins contained in them. Though we
feldom fee an Adit half a mile in length, there are two or three
of three times that length, and thofe are the longeft I know of.
At Friberg in Saxony, they have very extraordinary works of
this kind, particularly that called the Prince’s Level, one of the
greateft works in thofe parts, confidering the time, labour, and
expence neceffary to work a paffage under-ground, for about
- five Englifh miles in length. ‘

The labour and expence of driving this level, muft have been
great and tedious, where it happened in fuch exceeding hard
ground as we fometimes meet with here: for although I have
known an Adit end driven feveral fathoms at four fhillings a
fathom in Pot Grouan, that is, foft grauan; 'yet I have paid
twelve guineas for the fame Adit, that we have driven many {core
fathoms for lefs than one; fo various and uncertain are the
ftrata of the earth in thefe parts. The greateft expence for the
ground difcovered, that I ever heard of in driving an Adit, was
in the old Pool, two miles off, where Mr. Baffet paid five and
thirty pounds g fathom for the driving of feveral fathoms,
through an Ireftone ftratum; which great price anfwered fo
‘badly for the contra&ors, that they were very much injured by

the undertakilig. The moft defirable ground to drive an Afiit
) in,
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in, where it cannot be brought home upon the Lode itfelf, or
~ a crofs-courfe, is a tender feafible Killas of eighteen fhillings
g fathom. This ground needs no timber to fupport it, and
can be {peedily fpent or worked at the rate of eight or ten
fathoms monthly. " '

If an Adit is fet by the fathom, and the ground-proves hard,
the workmen are often regardlefs of driving in a dire& ftraight
line, and are apt to drive irregularly for the advantage of work-
ing in the faireft ground ; but this makes a reckoning of more
fathoms to the adventurers difadvantage, than they ought in
juftice to be accountable for ; therefore it is the moft prudent
method, when an Adit is fet by the fathom, to agree, that the
meafurement fhall be on the grafs or furface, becaufe then if the
workmen drive out of the way it will be their own lofs.

In bringing home thefe levels, the natives of Cornwall never
confider the expence fo much as the time it may be performed
in : indeed, it is an axiom in Mining, that the quicker an Adit
is driven, the lefs muft be the expence. Some levels have taken
thirty years to complete them; and T have been concerned in
one that took feventeen years to bring it home to the Mine.
Yet notwithftanding all difadvantages, fundry levels have been
carried acrofs as meer fecking adventures, for the fake of difco-
very, without being bound for any particular Mine ; and fome
of them, by patience and perfeverance, have amply rewarded
the enterprize. : '

I muft allow that fuch adventures are very laudable ; . for
if a level forms an horizontal acute ‘angle with the perpen-
-dicular fe&ion of the fummit of a hill, at the charge of three
~thoufand pounds in fifteen years driving, though without ‘the
fuceefs defired, it is likely to prove an ufeful undertaking for
pofterity, who may reap the advantage of it, when they want
levels to unwater veins that may be difcovered in other parts of
the hill. The expence of an adit is flow and fmall ; therefore
it is eafily borne. Two or three hundred pounds. a year in
driving an Adit, is {carcely felt by eight or ten perfons, than
whom feldom fewer are concerned ; and this too upon the
chance of finding a vein, or veins, that may throw up -an
‘amazing profit dprcfently after difcovery, by an advantage in the
very means of difcovery itfelf. : - .

"Q_q ' An
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An Adit being driven home to the Mine, the water feldom
fails of draining and falling into it; fo that the Lode is un-
watered as deep as the level of the Adit, to which depth, or yet
a greater, the men ate at liberty to fink and drive on the Lode
if they think proper.

With all the fkill and adroitnefs of our Miners, they cannot
go any confiderable depth below the Adit, before they muft
have recourfe to fome contrivance, for clearing the water from
* their workings. The hand pump, and the force pump, will
do well for {mall depths, and are neceflary in the firft finkings
into the Lode, before the Stopes tan proceed. Next to thefe,
the water is drawn to Adit by fmall water barrels ; but if the
water exceeds a certain number of barrels, in a core of fix or
eight hours, they give over drawing by hand, and ered a
Whym, which is a kind of horfe engine to draw water or work,
and fometimes both, efpecially in the infancy of a Mine. A
common Whym which ferves both putpofes, confifts of a per-

ndicular axis, whereon a large hollow cylinder of timber
turns, called the Cage, round which the repe winds horizon-
tally, being dire@ed down the Mine: by two pullies fixed in
what are termed Puppet Heads over the mouth of the Shaft:
this axis has a tranfverfe-beam, called the Arm infixed ; at the
end of which are placed two horfes that go round upon a plat-
form named the Whym-round, and draw more or lefs according -
to the namber of their circumvolutions in any given time, the -
largenefs of the barrels, and the depth the Whym is to draw.
For drawing of water, this engine can only work in a perpendi-
cular Shaft ; but for winding of work or deads; it can be ufed
to draw upon the undérlie of the Lode. - :

Another water engine is the Rag and Chain, which confifts of
an iron chain with knobs of cloth Riffened and fenced. with
Yather, feldom more than nine feet afunder: the chain is
turtred round by a wheel of two or three feet diamever, furnithed
with ‘iron {pikes, o inclofe and keep fteady the chain,. {o that
it may rife through a wooden pump of three, four, or five'inches
Bore, and from twelve to twenty-two feet long, and by mheans
of ‘the leather knobs bring up with it a ftream of water anfiwer-
&ble to the diameter of ‘the pump, and in quantity according to
the tircumvolutions of the wheel in any given vime. Several of
thefe pumps mdy be placed parallel upon differetit Seulls,- Sallers,
or Stages of the Mine, and are ufually worked by ‘hand like
Hofe in our navy. The men:whtk at it naked excepting’ their

: loofe
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loofe trowfers, and fuffer much in their health and. Mtrength:
from the violence of the labour, which is fo great that I havc'
been witnefs to the lofs of many lives by it.

A rag and chain pump of four inches dlamcter, requires ﬁvo
or fix freth men, every fix hours, to draw twenty feet deep ;
and to keep it conftantly going, twenty or twenty-four men
muft be employed monthly, at forty or fifty fhillings cach man.
The monthly charge of one of thefe engines cannot be lefs than
fifty or fixty pounds; and they are now pretty generally laid
afide on account of the great expence, and the dcﬁruéhon of
the men. Neverthelefs the motion of the rag and chiin,- when
it is conftant, is fo quick, that it will difcharge 2:quantity of
water, even cxceedmg that of 'a wheel and bob engine, whofe
pump is 10 inches bore ; and it may be ufefully app. lied to draw
water from fundry parts, fuch as dippas or little pits of a Mine,
which have no communication with other aquedué&s to the grand
machinery for delivering of the water to Adn:

Where the rag and cham pumps are unequal to the work,
and too :chargeable: for the' Min€ to repay, théy may have re-
courft to the whym again ; and inftead of drawing with fixty
gallon barrels as .at-firft, they may put in larger. ones to the
amount of 120 gallons in each barrel drawn by the additional
help of two horles more. * This draught-muft be within' twenty
fathoms, and mnot lefs than two barrels a mmute, l;o bc worth
thc chargc L . s

The water wheel thh bobs, is yet a more effe@ugl’ engme $
whofe power is anfwgmblc to the dw.metcr of the wheel and the
fweep of the cranks fixed in the:extremities of the axis.' Ower
them two large bobs are' hung upon brafs ceniter gudgeons: fop+
ported by a.ftréng. frame of. timber, and rife and . fall accorde
ing to the diameter .of the. fwecp of the cranks, or-of che cibcle
they defcribe.  To.each .crank is fixed .o fraight half {plit. of
balk timber, that communicates with.ieach bob..aboua:: . aﬂ .the
other hand or nofe of the bob: over the Shiaft, a lafge iron chain
is pendent, faftened to a perpendicular rad of timber that; -works

~a pifton in an iron or  hollow cylinder, called the Workmg
Piece : the quantity: of water exhauﬁcd, will: be in proportion
to the bore of the working ‘picce, .and the number of times
which the embolus works up and down in a given fpace. " Fhe
water engine wheel at Cooks Kitchen Mine, is forty-eight féet
Adiameter, and works her tiers of pumps of nine inches bore,

‘which
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which being divided into four lifts, draws eighty fathoms ‘under
the Adit. If the ftream of water were fufficient to fill the
buckets of the wheel, fthe would draw forty fathoms deeper with
the fame bore ; and I have been well informed, that the power
of a forty-eight feet wheel, is equal to the diameter of a forty-
feven inch fire engine houfe cylinder: whence this kind of
engine is the moft eligible, where grafs water is plenty, and to
be had for a’{mall rent. : .

The number of ftamping mills adjacent to the Mines, and
the value of water for the various ablutions of Tin and Copper
Ores, render every {fmall rivulet of fome confiderable confequence
to thofe through whofe lands the water happens to flow. ‘Many
of our country gentlemen have made great rents of their water -
courfes, when they have been diverted from their grift mill
tenants ; and fome of them, without any recompence made to
the leflees, have received fifty pounds a month, feveral years,
for a {fmall mill ftream of water to drive one of thofe engine
‘wheels upon Mines in their own lands.

Happy would it be for the Mining intereft, if our fuperficial
ftreams of water were not fo fmall and {canty ; but the fituation
of our Mines, which is generally in hilly grounds, and the fhort
current of our {prings from their fource to the fea, prevent fuch
an accumulation of water, as might be applied to the purpofe
of draining the Mines ; and of courfe the value of water is the
more enhanced. There are very few ftreams, which are fufh-
cient to anfwer the purpofe in fummer, as well as in winter, fo
‘that many engines cannot be worked from May to O&ober ;
which is a great lofs at that feafon of the year, when men can
work longer at grafs, and with more vigour, than they can in
fhort days and cold weather. Yet the innumerable Adits driven
into the earth, afford tolerable fupplies of water to thofe ftreams,
and are of fome importance to the unwatering of the Mines. By
the fuperior addrcg of our Miners, the rivulets are often ex-
tended many miles to drive an engine ; and are then returned as
far back again as poffible,.to ferve other Mines and ftamping
mills ; b:E?kxsl, the ‘moifture of our air and fituation, which
is dire@ly expofed to the great weftern ocean, as well as to
the Britith and Briftol Channels, caufes abundance of rain, and
contributes not a little to fwell our fmall rivers after the au-
tumnal equinox.

But




AND WORKING . OF MINES. 1g3

- But where the fituation of a Mine will not admit of a water
engine, or where the ftream is infufficient, the laft refource is
that moft ufeful, powerful, and noble machine, the fire engine,
of which we have feveral that are perhaps the largeft in the
kingdom. It is the moft admirable curious and compounded
machine amongft all that owe their invention to the difcoveries
of modern philofophy, and affords the greateft advantages to
mankind. The marquis of Worcefter, in his century of in-
ventions publithed in the year 1663, is probably the firft that
propofed raifing any great quantities of water by the force of
fire converting water into fteam ; but captain Savery was the
firft who ere@ed an engine for this purpofe in the form we have
fince had them, and which has been lately improved by Mr.
_Blakey, though not to a degree of power fufficient to unwater
a deep Mine.

- Mr. Newcomen, and Mr. J. Cawley, contrived another way -
to raife water by fire, where the fteam to raife the water from
the greateft depths of Mines is not required to be greater than
the preflure of the atmofphere; and this is the ftruure of
‘the prefent fire engine, which is now of about feventy years

ftanding.

Let us fuppofe a pump, or tier of pumps as we fay, to be
twenty-five ?athorhs deep, whofe cylindric diameter of its full
column of water is feven inches and a quarter, and of the
weight of 3,0001. - Now if the rod of this lIl)ump were hung
.by-a chain to the nofe of the lever or bob, h h, as at H ; and
at the other end, another power were applied, as at L, with a
fuperior force; the pump might be worked, and the water
raifed by that power. It appears, this power cannot be fup-
plied by the ftrength of man, or beaft ; for it will require one
hundred men to pull down the bob, each pulling with the force
of 301b, and one hundred men to relieve them when weary.
But as the pump in a Mine muft not ftand ftill, there thould,
for fuch hard labour, be a frefh corps of one hundred men every
four hours at leaft, which would amount to fix hundred men
every twenty-four hours. If we allow horfes, and one horfe
equal to five men, there muft be twenty horfes working at a
time, and twenty more to relieve them every four hours, where
the draft muft be fo conftant and exceflive ; which will amount
to one hundred 'and twenty horfes every twenty-four hours;
and fo great a number, though lefs expenfive than men, will be
found too great for moft Mines, if it were poffible, to apply
| Rr them
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them to that ufe. I produce this example, to fhew the prodi-
gious force that is required to draw water in the {mall epitome
of a Mine ; for the diameter of the pump given, and the depth
of twenty-five fathoms, bear the leaft analogy to the depth of
our Cornith Mines, whofe fire engine bounfe cylinders are gene-
rally from fifty-four to feventy inches diameter. Now allowing
81b to each {quare inch, clear of friction, in the power of a .
fire engine houfe cylinder of feventy inches diameter; the
number of pounds avoirdupoife within its extent of power to
lift up or pull down, are equal to 30,7841. The human
power equal to this will require the firength of 1,026 men
every four hours, or 6,156 men the dal?l' and night; or 1,230
horfes. A fixty inch cylinder, alfo, which will lift 22,616 1,
is equal to 4,518 men, or goo horfes, every twenty-four hours.
Some other power therefore muft be applied ; which may be
effeGted as follows. B is a large boiler, whofe water, by the
fire under it, is converted into an elaftick fteam. (See plate III)
‘The great cylinder CC is fixed upon it, and communicates
with it by the pipe Dd ; on the lower orifice of which, within
the boiler, moves a broad plate, by means of the fteam cock,
or regulator E 10, ftopping or opening the paffage to prevent or
permit the fteam to pafs into the cylinder, as occafion requires.
The diameter of the pipe D is about four inches.

‘The fteam in the boiler ought always to be 3 little fironger
than the air, that, when let into the cylinder, it may be a little
more than a ballance to the external air, which keeps down the
" pifton at the bottom d n. The pifton being by this means at
liberty, the pump rod will, by its great weight, defcend at the
oppofite end to make a ftroke, which is more than double the
-weight of the pifton, &c. at the other end. The end of the
lever at the pump, therefore, will always preponderate and
defcend, when the pifton is at liberty. The handle of the fteam
cock E 10, being turned towards n, opens a pipe D to let in
the fleam ; and being. turned towards O, it fhuts it out, that
-no more can enter. The pifton is now rajfed towards the top
of the cylinder at C, and the cylinder is full of fteam. The
lever O 1 muft then be lifted up, to turn, by its teeth, the in-
jefting cock at N, which permits the water, brought from the
ciftern g by the pipe g M N, to enter the bottom of the cylinder
at n, where it flies up in the form of a fountain, and ftriking
againft the bottom of the pifton, the drops, being driven all over
the cylinder, will, by their coldnels, condenfe the fteam into
water again, aad precipitate it to the bottom of the cylinder, -

: . Mr.
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Mr. Beighton made an experiment to determine the rarity of
fleam, and found the content of a certain cylinder of fleam was
113 gallons; and fince there were 16 ftrokes in a minute,
~ therefore 113x16 = 1808 gallons of fleam ¢ minute. He-
alfo obferved, that the boiler proportioned to that cylinder,
required to be fupplied with water at the rate of five pints -
@ minute : and fince 282 cubick inches make a gallon, 353
make a pint, and 5x35% = 1764 in five pints: alfo the cubick
inches of fteam are 1808X282 = 509856 ; if then we fay, as
1763:6009855::1:2893; or one cubigk inch of water is ex-
panded into 2893 inches of fteam ; confequently the fleam in
the cylinder is reduced to =%+ part, when turned to water by
the jet of cold water ; and therefore a fufficient vacuum is made
in the cylinder, for the pifton to defcend, unballanced, by the
preflure of the atmofphere. The pifton being forced down,
raifes the other.end of the lever or bob, and confequently the
box of the pump under-ground, which brings up and difcharges
the water at adit, the fame as at p. Now this whole operation
of opening and fhutting the fteam regulator and inje&ion cock,
will take up but little more than three feconds; and will,
therefore, eafily produce 16 ftrokes in a minute.

That the ciftern g may always be fupplied with water, there
is an arch fixed near the arch or nofe of the bob H, from whence
another pump rod k, with its box and valve, draws water from
the level of the adit in the fame engine fhaft, and forces it up
the pipe m m m into the ciftern g, which, therefore, can never
want water. -

- That the leathers of the pifton C may be always fupple and
fwelled out, fo as to be conftantly air tight, a {mall ftream of
water is fupplied from the inje@ing pipe M by the arm Z. On
the top of the cylinder is a larger part or cup L, to hold the
water that lies on the pifton, left it fhould overflow when the
pifton is got to its greateft height, as at W 3 at which time, if
the cup be too'full, the water will run down the pipe V to the
wafte well at Y. o

The water in the boiler, which waftes away in fteam, is fup.
plied by a pipe Ii about three fect long, going into the boiler
a foot below the furface of the water. On the top of this pipe
is a funnel I, fupplied by the pipe W with water from the cup
of the cylinder, which has the advantage of being always warm,
and therefore not apt to check the boiling of the water.”“That

. the
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‘the boiler may not have the furface of the water too low, which’
would endanger burfting ; or too high, which would not leave
room enough for fteam ; there are two gage pipes at G, one
going a little below the furface of the water when at a proper
height, and the other ftanding a little above it. When every
thing is right, the ftop cock of the fhort pipe being open, gives
only fteam, and that of the long one water ; but, if otherwife,
both cocks will give fteam when the furface of the water is too
-low, and both give water when it is too high; and hence the
cock which feeds the boiler at I, may be opened to fuch
a degree, as always to keep the furface of water to its due

height. :

The cold water, conftantly injeéted into the cylinder to con-
denfe the fteam, is carried off by the edu&ion pipe d TY,
leading from the bottom of the cylinder to the wafte well Y,
where going a little under water, it has its end turned up, with
a valve Y, to keep the air from prefling out into the pipe, but
permitting the inje@ed water coming the other way to be dif-
charged, whereby the cylinder is kept empty.

Left the fteam fhould grow too ftrong for the boiler, and
burft it, there is a valve fixed at h,” with a perpendicular wire
ftanding up from the middle of it, to put weights of Lead upon,
in order to examine the ftrength of the fteam pufhing againft it
from within. Thus the fteam is known to be ‘as ftrong as the
air, if it.will raife up fo much weight on the valve, as is at the
rate of fifteen pounds to an inch fquare, becaufe that is the
weight of air, nearly, on every {quare inch. When the fteam
becomes ftronger than is required, it will lift up the valve, and
go out : this valve is called the Puppet-Clack. The fteam has
always a variable ftrength, yet never one-tenth ftronger or weaker
than common air ; - for it has been found, that the engine will
~ work well when there is the weight of one pound on each fquare

inch of the valve : this fhews, that the fteam is then one-fifteenth
part ftronger than the common air. Now as the height of the
feeding pipe, from the funnel F to the furface of the water G,
is not above three feet, and three feet and a half of water is
one-tenth of the preflure of the air ; if the fteam were one-tenth
part ftronger than air, ‘it would pufh the water out at E; and
fince it does not, it cannot be ftronger than air, even in this
cafe, where, the regulator being thut, it is moft of all confined.
When the regulator is opened, the fteam gives the pifton a pufh,
which raifes it up a little way ; then filling a greater fpace; it

comes
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comes to be of the fame ftrength with, and fo a ballance to, the
atmofphere : thus the pifton, being at liberty, rifes to the top
W. The fteam, now expanded into thé whole.capacity of the
cylinder, is weaker than the air; and would not fupport the
pifton, were it not for the greater weight at the other end of the
lever, which keeps it up.. The fteam, each ftroke, drives the
inje@ed water of the preceding ftroke out of the eduion pipe
d TY; and would-itfelf follow, and blow out at the valve Y,
which is not loaded, if it were ftronger than.the air, which it
never does. If it were exadly equal to the ftrength of the air,
it would juft drive all the water out at Y ; but could not follow
itfelf, the preflure being equal on each fide the valve by fuppo-
fition. If it be weaker than the air, it will not force all the
water out of the pipe at d TY ; but the furface will ftand,
fuppofe at T, where the column of water. T Y, added to the
ftrength of the fteam, is equal to the preflure of the air. When
the fteam is one-tenth weaker than the air, the height TY =
three feet and, a-half. Now, fince the whole perpendicular
diftance from d'to Y is but four feet, and the fteam always
fufficient to expel the water; it is plain, it can never be more
than one-tenth part weaker than the air, when weakeft.

There is air in all the water inje&ed ; and though that air
cannot be taken out or condenfed with the fteam, yet will it
precipitate through the fteam to the bottom of the cylinder, as
‘being much heavicr : for fteam is to water, as 1 to 2893, in its
denfity ; but the denfity of air is to that of water, as 1 to 864
nearly ; therefore the rarity of fteam is to that of air, as 2893
to 864 : the air will, therefore, fall through the fteam to the
bottom, and from thence be driven out through a fmall pipe
opening into the cup.at 4, on which is a valve. Now when the
fteam f%rﬁ rufhes into the cylinder, and is a little fironger than
- the outward air, it will force the precipitated air to open the
valve ‘at 4, and make its efcape ; but the fteam cannot follow,
- becaufe it is weaker than the outward air, as the pifton gives it
room, by afcending, to expand. This valve, from the noife it

makes, is called the Snifting-Clack. - -

Among the great improvements of this engine, we may reckon
that contrivance by which the engine itfelf is made to open and
fhut the regulator and inje&ion cock, and that more nicely than
any perfon attending could poflibly do it. For this purpofe,
there is fixed to an arch 12, at a proper diftance from the arch
P, a chain, from which hangs a perpendicular piece or ‘working

sf{ beam
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beam , which comes down -quite to the floor, and
throug%i(} in a hole, which it exadly fits. This piece hgre:
long {lit in it, and feveral pin hol¢s and pins, for the movement
of {mall levers deftined to the fame officc of opening and
thutting the cocks, after the following manwer: between two
perpendicular pieces of wood, on each fide, there is a {quare
iron axis A B (plate IIl, fig. 2) which has upon it feveral irom
pieces of the lever kind. The firft is the piece CE D, called
the Y, from its reprefenting that letter, inverted by its two
fhanks E and D ; on the upper part is a weight F to be raifed
higher or lower, and fixed, as occafion requires. This Y is
-fixed very faft upon the faid iron axis ‘A B. -

From the axis hangs a fort of an iron firrup IKL G, by
its two hooks I G, having on the lower part two holes K L,
through which pafles a long iron pin L K, and keyed in the
fame. When this pin is putin, itis allo pafled through the
two holes, in the ends E N, of the horizontal fork or {fpanner
E Q_N, joined at its end Q_to the handle of the regulator V 10,
From Q_to O are {everal holes, by which the faid handle may
be fixed to that part of the end which is moft convenient.
Upon this axis A B, is fixed, at right angles to the Y, an
hamdle or lever G 4, which goes on.the outfide of the piece
Q_ 2, Q_2, and lies between the pins. Another handie is alfo
faftened upon the fame axis, viz. H 5, and placed at half a
right angle to the former G 4 ; this paffes through the flit of
the piece Q_2, Q_2, lying on onec of the pins. Hence we fee,
that when the working beam goes up, its pin in the flit lifts up
the fpanner H g, which turns about the axis fo faft as to throw
the Y, with its weight F, from C to 6, in which dire&ion it
would continue to move, after it had paffed the perpendicular,
were it not prevented by a ftrap of leather fixed to it at e, and
made faft at the eads m and n in fuch a manner as to allow the
Y to vibrate backwards and forwards about a quarter of a circle,
at equal diftances, on this fide and that of the perpendicular.

In the reprefentation we have given, the regulator appears
" open, its plate TY being fhewn on one fide the pipe S, which
joins the cylinder and boiler. The pifton is. now up, and alfo
the working beam near its greateft height; ¢he pin in the flit
has {o far raifed the fpanner H: 5, that the weight F on the head
of the Y is brought {o far from n, 'as to be palt the perpendicu-
lar, and ready to fall over towards m, and, when it does fo, it -
. will by its thank E, with a fmart blow, ftrike the iron pin K'L,

and
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and drawing the fork horizontally towards the beam Q, .will
draw the end 10 of the regulator towards 6, and fhut it, by
flipping the plate Y under the holes of the throat pipe S. Im-
medtately after the regulator is thut, the beam rifing a little
higher, with its pin s on the outfide upon the lower part, lifts
up the end k 1 of the handle of the inje@ion cock, and opens
it by the turning of the two parts with teeth. The jet imme-
diately making a vacuum, the beam again defcends, and the
pin r deprefling the handle k 1, fhuts the injeGion cock ; and
the beam continuing to defcend, the pin p bears down the
handle G 4, and throwing back the Y, its fhank D throws
forward the fork N Q, and again opens the regulator to admit
freth fleam. All the parts now begin afreth to operate ; and
thus is the engine moft wonderfully contrived to work itfelf.
After the engine had been made, as above defcribed, for many
years, it received another improvement of very great advantage ;
and that was, inftead of feeding the boiler with warm water
from the top of the cylinder by the pipe W (fig. 1) above, and
F f below, it was fupplied with the fcalding hot water which
comes out of the edu&ion pipe d TY, which now, inftead of
going to the wafte well at Y, was turned into the boiler on the
top part ; and as the edu&ion pipe before went out at the fide
of the cylinder, it was now inferted in the bottom of the fame:
and though the preflure of fteam in the boiler, be fomewhat
greater in the cylinder, yet the weight of water in the educion
pipe being added to the force of fteam in the cylinder, wil
‘carry the water down continually, by overcoming the refiftance
in the boiler. (Martin.) | '

To this defcription of the fire engine, T fhall add a moft
curious and ufeful table of the calculation of the er of fire
engines for the various diameters of the houfe cylinder, and bore
of the pump or pit-barrel, that are capabie of raifing water,. at
any depth between 2 and 876 fathoms. ' It was compofed by
Mr. john Nancarrow, jun. and is founded on this principle,
that the ale-gallon of 282 cubick inches of water, weighs tea
pounds three ounces, avoirdupois; and a (uperficial fquare inch
is prefled with the weight of fourteen pourxa thirteen ounces of
air, when of a mean gravity. But allowing for feveral fri¢tions,
and to give a confiderable velocity to the emgine, it is found by
experience, that no more than eight pounds of preflure muft be
allowed to an inch fquare on the pifton in the cylinder, that it
may make about fixteen ftrokes in a minute, about fix feet each
firoke. The ufe of this table is eafy : if I want to know the

power
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power of a 60 inch. houfe cylinder, to work a pit-barrel -or
working piece of 12 inches diameter; I look in the firft column
for the diameter of the houfe cylinder, till I find the No. 60 :
I then go on in that line to my right, till I come under r2 of
the uppermoft line, which is the diameter of the pit-barrel or
working piece, and there find 79, the number of fathoms an
engine of that power will draw ; that is, a houfe cylinder of 60
inches diameter, will draw with a 12 inch. box, %9 fathoms.

The Mine being fupplied with a power for the difcharge of
the water, and the adventurers refolving to prove it at a good
depth, they fink down the engine Shaft continually, or keep it
lower than their workings upon the courfe of the Lode, with
which it has always a deep communication, that the water may
readily flow to the engine pumps, and be drawn to Adit. The
bottom of the engine Shaft, while it is deeper than the workings
upon the Lode, is properly the Sumph or Sink of the Mine ;
and this fhould ever be the cafe, for the Mine to be in regular
courfe of working: but when an engine is worked to the full
extent of its power, it is common to fink a Sumph in the Lode
itfelf, and draw the water from thence by a force pump- (or any
more convenient hand machinery) into the engine Shaft ; this,
however, is feldom done unlefs a Mine is foon to be fet idle. If
the Lode underlies north, the engine Shaft ought to be at a
good diftance north from the back of the Lode ; becaufe, while
the engine is drawing the water out of the Shaft, the Lode is
ftill coming nearer to it by every fathom of Lode or ground that
- is broke away, until at laft the Lode underlies into the Shaft
itfelf ; and in procefs of further finking the Mine, the Lode
which was before to the fouth of the Shaft, is gone through to
the north of it ; fo that the deeper cither of them is funk, they
are more and more diftant from each other, and become at laft
very expenfive and incommodious from the unavoidable necef-
fity they are under, of continually driving a Crofs-cut, or
Drift, fzom one to the other, that th water may flow into the
Sumph for its difcharge to Adit. . This is an evil that cannot
be prevented ; for, in all deep Mines, their engine Shafts, at
laft, muft be very diftant from their Lodes, unlefs the underlie
is trifling, and the Lode very little removed from a perpendicu-
lar. This Crofs-cut or Drift of Communication is fometimes
very tedious and expenfive, where the ground is hard," the water
quick, and the engine almoft at the extent of its power.

From
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part, and three T the Tributors. This, however, is not all;
the adventurers three doles and a quarter are again divided into
eighths, fixteenths, thirty-feconds, and fixty-fourths, and even
much fmaller fractions, that each may know -and carry away
his own. '

The Tributor again lhas feveral perfons concerned with him,
who redivide their feven Doles and three quarters in like man-
ner : and thus are thefe fra&ional complicated divifions, which
at firft fight would puzzle the moft expert arithmetician, ef-
fe&ed by our illiterate Tinners upon the fimpleft plan, and with
the utmoft dexterity, difpatch, and accuracy. To any other
but a Cornifh reader, it may appear ftrange, that fo much
trouble fthould be taken in dividing and redividing the Tin-ftuff
in this manner, when it might be carried and returned altoge-
ther, and the proportions reckoned in money ; but this cannot
always be done ; for ftamping mills are numerous, and the fe-
parate eftates of feveral people, whofe value rifes in proportion
to the ufe and employment they have for them ; therefore if
the Tin-ftuff is rich, every one is ready to carry off his refpec-
tive Dole .or-fhare, immediately after it is divided out, and the
lots are caft.

.~ The fetting of a Copper Mine upon tribute, has this differ-
ence : the Tributor is at the fole expence of digging, raifing,
and drefling, all the Ore that can be made merchantable ; and
the proceeds of fales are received by the adventurers, who pay
the Lord his one-feventh, one-cighth, or one-tenth part, which
ever it is, in money. If it is one-eighth, that is two fhillings
and fixpence out ofy every pound or twenty fhillings, of the re-
maining feventeen fhillings and fixpence the adventurers may
have eight fhillings, and account to the Tributor for the refidue,
which is nine fhillings and fixpence: and ‘thus, it is faid,
¢¢ Petherick Kernick of Hantergantick, Abednego Baragyanath
‘¢ of Towednack, Dungey Crowgie of Carnalizzy, and Degory
¢ Tripeoney of Gumford, have jointly taken a Copper Mine
‘¢ upon tribute for nine and fixpence out of the pound.”

When the adventurers thus fet a Mine to farm, they oblige
the Taker or Tributor to keep the Mine in good repair, and
well fecured with whatever timber is needful ; the putting of
which into' the Mine, ought to be according to the fkill and
difcretion of a-perfon deputed for that purpofe by the adventu-
rers.- They allo ftipulate with the Taker of the Mine upon
. | tribute,

L3
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tribute, to work it regularly with a certain number of men ;
but not in dippas, holes, and corners, to encumber the adven-
turers, at their re-entrance into the Mine, with the charge of
breaking and clearing the barren part or deads, which the Tri-
butor would otherwife leave under-ground. It is very reafonable
that the Tributor thould be obliged to deliver up the Mine in
ood order and condition, at the expiration of the time fpeci-
fied ; and that the adventurers fhould referve to themfelves and
agents, a power of going down into the Mine at will, to
examine if the premifes be duly complied with and fulfilled.

So far we have been fpeaking of a whole Mine, taken upon
tribute ; but it is much more common, and has been always
the cafe in large Mines, to fet feveral parts of them in fmall
portions of ground called Pitches. A Tribute-Pitch, confifts
of a few fathoms in length on the courfe of the Lode: two
Pitches may meet half way between two Shafts, and draw. their
Ore to that Shaft, with which either of them are conne&ed.
If a Pitch is high up in the Mine at a fhallow level, it is called
a Pitch upon the Backs; but if lower down, in or joining with
the bottoms, it is called a Bottom-Pitch. The time they con-
tra& for is generally four months, and to work the Pitch at all
working times, in a regular manner with a certain number of
men. The Tributor is obliged to work one month, or forfeit
to the owners twenty fhillings for every man he is obliged to
employ ; in lieu thereof, if he does not chufe to continue at
the month’s end, he declines the occupation of his Pitch, and
forfeits to the adventurers all the Ore which fhall be broken.

The boxes and clacks or valves of the engine pump often go
amifs, and if they are not made of good leather well fewed, a
misfortune of that nature will happen almoft every day ; fo that
every method muft be contrived, to have affiftance at hand to
man the capftan, while a clack or a box is changing. Accord-
ingly, a Tribute-Taker, as well as every other Miner in a Bal,
obliges himlelf and partners to lend a hand gratis at the capftan
whenever required, upon the penalty of two fhillings and fix-
pence for each perfon refpe&ively who refufes his afliftance.
Without a regulation of this kind, a Mine would be in danger
of fetting idle, for want of neceffary help: but when they
cleanfe a boiler, which is once a month ; or drop pumps, that
is, let them down into the Mine; the adventurers charge each
man at the capftan a ftem or a day’s hire, and give them fome

Ccc additional
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additional recompence if the weather is fevere, or they make a
long day’s work.

The Takers of Tribute-Pitches in a Copper Mine, are like-
wife obliged to mix their Ores with thofe of other Pitches, or
with the owners Ores ; and to fample the fame according to the
will'and difcretion of the Captains; elfe the parcels of Ore
would be very fmall, where they may be twenty Pitches upon
tribute in one Mine. Before the parcels are mixed together,
they take from each a fair honeft fample, and mark them A, B,
and fo on, which they call private famples. The affay-mafter,
who buys at the publick ticketing or fale a mixed parcel of Ore,
hath thefe private famples given to him, which he affays for
two fhillings and fixpence each with all the judgment and
dexterity he is capable of, to make the moft of each ; and itis
a very rare thing for any complaint or diffatisfa&tion to arife from
the appropriate difpenfations of our affayifts, {o expert are they
in their bufinefs.

The ufe of private famples is this: though the fundry par-
cels of Ore which are mixed together for fale, may appear
nearly of one value at fight, yet it muft neceffarily follow, that
fome difference will arife from different management in the
drefling and other accidental caufes. In a mixed parcel of fifty
tons, A may have twenty of fifteen pounds value 4 ton; B may
have twenty-five of fourteen pounds ten fhillings ; and C may
have five of fixteen pounds @ ton, according to the private
famples ; yet the grofs fifty tons may fell for fifteen pounds
five fhillings ¢’ ton. Neverthelefs the amount muft be divided
among the Tributors according to the felling price, fubje& to
a regulation by the private famples ; that is, the excefs or di-
minution, for what it fells, muft be proportioned by the produce
of the private famples; for, if fifty tons fell at fifteen pounds
five fhillings, the amount is equal to feven hundred and fixty-
two pounds ten fhillings. Purfuant to the above private

famples - - = L. L.
A’s 20 tons at I§ == == 300 ==
B's 25 ~—= 14 10 = 362 10

Cs 5§ w—in 16 o= = 80 -

The amount 742 10
which is 20 fhort by the private famples.

This is called £ 20 increafe by 762 10 which it fold for.
' Now
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Now the method of proportioning this twenty pounds increafe,
is done by the rule of three dire&, thus:

£ £- £ £- '
If 742 10 20 300 = A8 1 7t increafe
If 742 10 20 362 10 B 9 15 4 increafe
If 742" 10 20 8o — C 2 3 ot increafe
742 10 add 20 o o

Amount £762 1o,

Here it is evident, that if the Adventurers were to account
to the Tributors at the irivate prices, they would deprive them
of twenty pounds of which they ought to have their refpe&ive
proportions, it being the abfolute value for which the commo-
dity was fold. Alfo, by mixing thefe three parcels, they have
altogether brought a better price by twenty pounds, than if they
had been fold feparately.

The interchange of terms in this matter is very applicable,
and eafy to be reconciled ; for in cafe of a decreafe, that is, if
the felling price had been feven hundred and fixty-two pounds
ten fhillings, and the private famples had exceeded that by
twenty pounds, making the whole feven hundred and eighty-
two pounds ten fhillings, then the method of folution would
be the fame by the rule of three, dedué&ing each ones particular
fhare, according to the amount of his Ore. .

We may further illuftrate this matter, by entry of an account
of Ores, fold and proportioned to the Lord, Adventurers, and
Tributors. :

Dolcéth Copper Ores weighed the 24th of March 1777, .

To whom fold

Amount | Lord’s pt.

Quantity | Price Adventur.
¢’ Ton . 1-feventh | net part
Toms ¢ Q.| £. W3 L. L.
2t 10 2|10 — | Cornifh CopperComp. | 215 — |30 14 3]|184 5 9
Tributor’s Account of the above Ores.
Quantity | Price | Amount | Increafe | Amount | Tributors | Tributors
- Part Money
Tons ¢ Q.| £ L 1L ] 5. &4
Ao 10 2|11 —|115 10 | 3 6 4| 118 16 4] 5from20]29 14 1
Bir —~ —| 8 101 93 10| 21313 8| 96 g88|10—290]48 110
21 10 2 T

Sold at L10 ¢

on fa215

By
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By this time, I prefume, the reader has a pretty clear con-
ception of the affair, and that each fhare of the  [215 ftands
thus :

The Lord’s one-feventh - [30 14 3
The Tributors - - - - 77 15 11¢f 2138
And the Adventurers net part 106 g 10

The {pirit of adventure hath many times {o prevailed among
the lower people, that very large fums have been won and loft
by this kind of gaming, much to the injury of the cafhiers,
who can have no recompence from poverty and rags. Itis a
method that will always anfwer for the adventurers, provided
the Takers upon tribute will execute their part and fulfil their
articles of agreement, which it is difhicult for the adventurers
to compel them to perform. Thefe reafons have induced the
adventurers in fome Mines, to fet their Tin and Copper Ore to
break by the fathom ; and I believe it is producive of more
certain wages to the men, and larger quantity of Ore to the
owners'; which is of confiderable importance to a Mine, obliged
to fupport a monthly charge of ecighteen hundred or two
- thoufand pounds. It would be well if the Takers of Pitches
on tribute, would allow fo much in their calculations for the
decay of a Lode ; for it is generally known thofe people com--
monly take a rich bunch of Tin or Copper Ore upon tribute
according to its full value in fight, not confidering, perhaps,
that it is almoft impoffible for fuch to be richer ; and that it is
great odds whether it may continue half fo rich for the limited
time. This want of precaution plunges them into many difhi-
culties, when an alteration of the Lode happens from riches to
poverty : and, indeed, any perfon may conclude, that little
more than common wages can be gained, by working a Pitch
for twelvepence in the pound. Neverthelefs, I have known
feveral wrought at that value ; and many fcore tons of Copper
Ore raifed out of North-Downs Mine at tenpence, for which a
fhaft in that Mine bears the name of Tenpenny-Shaft (fee
North-Downs plate). But my readers will wonder more when
I declare, that I have known feveral hundred tons of Copper
Ore wrought.and drefled for fivepence halfpenny in the pound,
at Huel-Virgin Mine: this, however, muft be underftood to
have been the cafe, when the commodity brought a better price
by thirty 4 cent. than it now bears: which obfervation fuits
with the decreafed value of Tin as well or more fo; for it is
equally true, that where I have been formerly concerned, as
part owner of a Tin Mine, we have fet a Pitch to be wrougfht

or
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be a great inftance of the efficacy of contagion in one derivative
habit of body. Some part of our Mining diftri& is ever mo-
lefted by fuch violent fevers: one or other of the parifhes of
St. Agnes, Kenwyn, Kea, Redruth, Gwenap, Stithyans, Wen-
dron, Sithney, Breage, Crowan, Gwinear, Camborne, and
Illugan, have epidemick fevers always among them.

Mineral exhalations are allowed to be one caufe of contagion,
and, Mr. Boyle fays, even of the plague itfelf: my principal
defign, therefore, is to prove the obnoxious fituation of our Mine
country to thofe dangerous difeafes ; and from thence to infer,
that they are with us the peculiar produion of Mineral efluvia.
If this is not the cafe, I thould like to be informed what occa-
fions thofe diforders to rage with fuch violence among us, and
be endemial to our Mining parifhes ? Perhaps it may be faid,
they are produced by the unwholefome and uncleanly manner
of living among the Tinners. But I have known them to
originate in the moft cleanly healthy families; nay, it is
notorious, that the more regular livers, and more delicate inha-
bitants of this town, have more generally and powerfully expe-
rienced their attacks. |

In December 1772, particularly at the time of the poll for a -
knight of the fhire, we had a warm moift atmofphere for three
weeks, without rain, or a currency of air fufficient to blow out
a lighted candle. Soon after, nervous and malignant fevers
were very rife, and were generated I apprehend by thofe Mineral
effluvia, which, in that month, by means of the foregoing con- .
ftitution of the atmofphere, were fufpended for a confiderable
time, and particularly affe@ted thofe perfons whofe ‘nervous
fyftem was very- weak and lax, or thofe of quick and lively
fenfations ; while fuch as were athletick, robuft, and fanguine,
generally efcaped their peftilential influence. Again; it was
obfervable, that the weather, in December 1774, and in the
beginning of January following, was unfeafonably warm, ferene,
and mild ; the air for three weeks before was fcarcely agitated
by one breeze, but continued, all that time, warm, moift, and
vapid. The writer then predicted the confequential malignant
effe@s which happened foon after ; and he thinks any one may
foretel the .eventual incidents that muft follow fuch continual
unfeafonable weather, in a country teeming with Metals and
Minerals. But it is time to come nearer to the point in hand,
and to thew, that we are obnoxious to poifonous Damps under-
ground, notwithftanding the preconceived notion of ‘many to
| Eee o . the
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the Van s bruifed frve and wafhed, they lay the fhovel over the
fire, and burn the black Tin, continually firring it till ie
fmokes no more. Laftly, they wafh it again on the {hovel, and
fo the brood is carried off by the water, it becoming light by
being burnt ; for when black Tin is calcined or burned, it ftill
retains its {pecifick gravity ; but Copper, Lead, and other crude
Minerals, become mrach lighter by torrefadion, and are eafily
feparated from the Tin by water.

It fhould be obferved, that each fack ought to hold twelve
gallons of Tin-ftuff, though they often hold but nine or ten;
which want of meafure, when known, fheuld be taken into

confideration by the Fin buyer.

Now, whoever intends to buy a quantity of Tin-ftuff, either
for profit in trade, or merely for the fake of employing his
ftamping mills, horfes, and labourers; when his adventure
Fin-ftuff falls thort, which is very commonly the cafe, he muft
not give the value of its full preduce, without deduéting what
1s called the returning charges, that is, the carrying, ftamping,
and dreffing thereof. On the other hand, the reader muft be
apptifed, that the value of TFin-fluff, is fhort of its intrinfick
worth by the Van only ; for in the dreffing and management of
Tin by ftamping, &c. there are two forts of black Tin to be
obtained, viz. the erop and rough, or the crop and leavings of
Tin. The firft is the prime Tin, immediately feparable from
the bafer parts by its fuperior weight and richnefs ; the latter
is that which is carried off, and mixed with the lighter earthy
parts, by its being under fize, and therefore more fufceptible
of the force and impreflion of a determinate ftream of water.
Such Tin being compofed of the moft {limy molecule, as well
as of the larger rough grains, which get through the greater
fized holes of the ftamping-mill grate, have very little Tin in
them, and muft therefore undergo another treatment to get out
. and cleanfe the Tin. This being called the leavings, muft
be accounted for and valued in addition to the crop Tin, in

rtion to the denfe or lax confiftence of the Tin-ftuff and

the fpecifick granules or minutie of the Tin Ore in the ftone.
All this depends upon the experienced judgment of the Tin-
drefler ; and it is fo difficult and various a fubje&, that a man
fimply a theorift in the matter, cannot lay down a certain rule
on which another can abfolutely depend. The cuftomary valu-
atton is, by fetting a price upon the leavings of this or that
Tin-fiuff, according to fo much the ten hundred-weight or
- thoufand
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thoufand it makes in crep Tin, from Afty fhillings to five
pounds ¢ thoufand for the leavings. Hence it fallows, that the
leavings of fome Tin-ftuff will more than pay the returning
charges ; but whenever the leavings are rich enough: ta pay thofe
incumbrances, they pronounce fuch Tin-ftufl to be ¢ Tin in the
¢ Bal;”’ that is, to be warth four, five, or fix hundred of
white Tin ¢ hundred facks by the Van, free of all cofts and
.charges, which the leavings will exonerate.

All things being well confidered, we may conclude, by trying
the fample, how ta fize a parcel of Tin-ftuff by fuiting it with
a grate or holed plate, adapted to the natural grain of the Tin,
which is one of the principal articles in drefling ; but of ‘this
in its place. Mean while let us obferve that the dreflings of
Tin in its prefent improved ftate, has been very lately invented ;
for by Mr. Carew’s account, no longer back than one hundred
and cighty years, in queen Elizabeth’s reign, the manner ot
drefling was exceeding flovenly ; and I am very fure, notwith-
ftanding our prefent advance, we are yet at {ome diftance from
perfection in that art. He fays, ¢ As much almoft doath it
¢¢ exceede credite, that the Tynne, for and in fo fmall quantitie
¢¢ digged up with fo great toyle, and pafling afterwards tharow
¢¢ the managing of fo many hands, e’re it come to fale, fhould
¢ be any way able to acquite the coft; far being once hrought
¢¢ above-ground in the ftone, it is firft broken in pieces with
¢ hammers; and then carried, cither in waynes, or on horfes
¢ backs, to a ftamping-mill, where three, and in fome places
¢ fixe great logges of timber, bounde at the ends with Iron,
¢¢ and lifted up and downe by a wheel¢, driven with the
¢ water, doe break it fmaller.

¢ The ftreame, after it hath- forfaken the mill, is made to
“ fall by certainne degrees, one fomewhat diftant from another ;
" ¢ upon each of which, at every difcent, Iyeth a green turfe,
¢¢ three or four foot fquare, and one foot thicke. On this the
¢ Tynner layeth a certayne portion of the fandie Tynne, and
¢¢ with his {hovel foftly toffeth the fame to and fro, that, thro
¢¢ this flirring, the water which runneth over it, may wath
¢ away the light earth from the Tynne, which of a heavier
¢¢ fubftance lyeth faft on the turfe. Having fo cleanfed one
¢¢ portion, he fetteth the fame afide, and beginneth with
¢ another, untill his labour take end with his tafke. After it
¢ js thus wafhed they put the remnant into a wooden difh,
¢ broad, flat, and round, being about two feet over,  and
. 13 hav-ing
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¢ having two handles faftened at the fides, by which they foftly
¢ fhogge the fame to and fro in the water between their legges,
¢ as they fet over it, untill whatfoever of the earthie fubftance
¢ that was left, be flited away. Some of later time, with a
¢ {leighter invention, and lighter labour, doe caufe certayne
‘¢ boyes to ftir it up and down with their feete, which worketh
¢ the fame effe@ : the refidue, after this often cleanfing, they
¢¢ calle Black Tynne. But fithence I gathered fticks to the
‘ buildinge of this poor neft, Sir Francis Godolphin enter-
¢« tained a Dutch Mynerall-man, and taking light from his
¢ experience, but building thereon far more profitable conclu-
‘¢ fions of his owne inventions, hath pradifed a more faving
¢ way in thefe matters, and befides, made Tynne with good
¢« profit of that refufe which Tynners rejeted as nothing
¢ worthe.”” Thus far Mr. Carew.

Seeing that a dreffer’s judgment is required in the choice of a
grate, I begin with a defcription of that firft and neceflary part
of a ftamping mill, which is a thin plate of Iron one-tenth of
an inch thick, and twelve inches long by ten wide. The mid-
dle of ‘this, from eight inches and an half by feven inches, is
punched full of holes from the diameter of a fmall pin, to that
of a large reed ; for the larger the Tin cryftals inclofing the
Metal are, fo much the more capacious muft be the holes, and
vice verfd. This holed plate, commonly named the Grate (I
prefume from the cuftom formerly of difcharging their ftamped
Tin through grates or iron bars) is nailed on the infide of
the frame, at Y, plate V, near the bottom where the ftamp
heads pound the Ore. The Tin-ftuff ‘being depofited on the
floor, at C, called .the Garden of the Pafs, from thence it
flides by its own weight, the motion of the ftamps tackle, and
the affiftance of a fmall rill of water, D, into the box at Y;
there by the lifters a, b, c, falling on it, after being raifed by
the axle-tree, d, which is turned round by the water wheel, B,
it is pounded or ftamped fmall. The lifters are three to each
ftamps, made of afh timber, fix by feven inches {quare, and
about nine or ten feet long. They are armed at the bottom
with large maffes of Iron called Stamp-Heads, of one hundred
and forty pounds weight in each, or more : thefe are lifted up,
and let fall, between two upright parallel planks of oak timber,
by wooden knobs or teeth, called Caps, ffxed in the barrel of
the axletree at proper diftances, and in number proportioned to
the circumference of the axis, which goes round by the power
of the water wheel. Thofe caps in their round,  take up pieces

of
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other Semi-Metals’; for fometimes we meet with all thefe forts
of Minerals intimately blended in one and the fame ftone of Tin
Ore ; which being'fgeciﬁca.lly heavier than the Tin, whatever
Tin-ftuff is incorporated with thefe muft be burnt to evaporate
the fuiphur, arfenick, &c. after it is firft ftamped, dreflfed, -
and cleanfed from its earthy fordes, in the manner before de-
{cribed, in order to make it fit for calcination in the furnace,

called a burning-houfe.

- A burning-houfe much refembles a fmelting-furnace, but not
in every particular. The furnace is built without doors, at one
end of the houfe, where the chimney is raifed to carry off the
fmoke and fublimate of the calcined Minerals. The houfe ferves
no other ‘purpofe than that of a covering for the man who rakes
the calcining Ores, and the prefervation of fome few tools that
would be unfafe out of doors. -

The foundation of the furnace is built of hewn moorftone
about four feet and a half high, on which the bed or bottom of
the furnace is laid. Under the bottom, a little towards the
houfe where the man ftands to rake the Tin, is left a hollow
place for holding the Tin after it is burnt, which they call the
Oven, that will contain about fixteen or twenty Winchefter
buthels, with an opening on that fide next- the ftamps plot, in
fhape and fize much like a fmall chamber chimney, in order to
come at and take out the calcined Tin,. which is let down
through an orifice in-the bottom of the furnace adjoining to the
houfe. Except at this orifice,. the oven is arched over to lay
‘part ‘of the furnace bottom upon. The top, bottom, and
hewns (fides) of the calciner were formerly made of moorftone
wrought very fine; but brick is now moftly ufed, it being more
durable for fire work than ftone. The length of the calciner is
generally about nine feet, and the width five in the belly or
middle, gradually decreafing towdrds the chimney or houfe to
" fixteen inches, and towards the grate or fire place to three feet,
which is at the further end dire@ly oppofite. to the houfe and
chimney. The hewns, or fides,:are about ten inches high ;
upon which is turned a flat arch or covering, which includes the
fire place alfo. This grate or fire place is about ten inches wide,
and three feet long ; at the fide of which, .between it-and the
furnace, is a brick thick partition or bridge three inches high,
to prevent the Tin from mixing with the coal. = Over this bridge
the fire conftantly reverberates upon the matter in calcination,
while the fmoke and fulpbur afcend the chimney at the¢ houfe-
- . end
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hand barrows full of flime, where it mixes with a little rill of
water that floats it down into the femi-circular pit P called the

Head or Pednan, wherein a boy treloobs or ftirs the flimy water -

round about with a {fmall fhovel, that the water may wath away
both the filth and Tin over a crofs board ten inches deep at the
lower part of the pednan: the board is fomewhat lower in the
middle than at each end, for admitting the watery mixture with

more eafe into the body of the trunk O,R,R : that which refts -

in the fore part of the trunk at O o, is carried off to be framed,
and the fettlement at R, R, is moved forwards to P, to be
trunked over again before it is fit for the frame: the rough

rains lie at the bottom of the ftrék, whence it is rémoved for

amping, and the moft light and fmall {lime paffes the bottom

or lower end of the trunk into a pit, where it fettles and ac-

quires the name of Loobs.

.. The frame or rack T W, confifts of two inclined planes of
timber ; the body W, the head T. The frame is an oblong
{quare eight feet by five, with fides four inches high, all joined
clofely, that nothing may efcape but at the extremity or lower
. end. At the middle of the two ends are fixed two round pro-
je@ing irons called Melliers, by which the frame hangs and
turns as it were on an axis, upon two upright pieces of timber
one at each end, whereby the frame may be fwung up and
down, perpendicular to the horizon. The head T, is two
boards wide, and in length parallel to the breadth of the frame.
To the bottom of this is joined a water head, or board, feven
inches high ; to which is hung, by hinges, a flight piece of
board fix inches wide, and the length of the head, called the
Lap, or Lippet, whofe ufe is to convey the water and Tin
equally down upon the frame. Underneath the fore part of the
frame, is fixed a little tray or cheft three feet long, called the
Kéfer, and another at its K)wer end called the Hind-Kéfer.

. The water falling in a gentle manner from S upon the head

T, wathes the Ore, which there offers itfelf (as at the buddle)
in little ridges, downwards over the lippet, upon the body of
the frame W. On this frame the water is fpread fo thin, and
runs fo flowly, (the plane being very little inclined) that by
- moving the {limy Tin to and fro with a light hand, and expofing
it cautioufly to the water by a fmall femi-circular toothlefs rake,
all the fordes are wafhed away, and the Tin though ever fo
fmall, remains on the frame near the head. When the Tin s
found fufhciently clean, the body of the frame being hung on

melliers,
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melliers, as I have faid before (by flipping the ftake underneath,
which fupports it) is turned eafily from herizontal to -perpendi-
cular ; and the Tin which remains on the frame runs off, by
the affiftance of a little {prinkling, in two degrees .of purity,
into the fore and hind kéfers. The frame is then righted into
its horizontal pofitions, and the procefs repeated till the kéfers
are full. The fmaller flime, which runs off the lower end of
the frame, is yet preferved in a pit by the name of Catchers,
and makes a part of the loobs or leavings of leavings, to be
worked over again at a future time. The contents of the fore
kéfer is then fifted through a fine hair fieve or copper bottom,
into a keeve with water in it, to feparate the gravel, chips, or
any other accidental mixture from it. Then it is buddled and
faved in different portions, like crop Tin; as well undergoing
the feveral operations of tofling, packing, fkimping, dillhuing,
&c. After all, if the Tin is very {fmall, it is carried to the frame
again, and reframed or cazed, as they term it; which is per-
formed, by ftoping the lower end of the frame with mud and
turf, that the water may be almoft fill, and the Tin more eafily
fettle upon the frame, and defcend the more furely into the
kéfer :: the fore kéfer is then emptied the fecond time, the Tin
carried to the keeve again, there toffed, packed, fkimmed, &c.
and thus the flimes are finifhed, and brought to as great a de-
gree of purity, as the fize of the Tin will permit, which being
exceeding fmall, will necefarily have fomewhat more of wafte,
than what is larger and heavier.

The great pile of tails behind the buddles, are commonly
wafhed down into the trunk below, by a pretty ftrong current
of water, which may be rendered more or lefs forcible by an
alteration of its fall, to divide the rough from the fmall, by
treloobing them in the femi-circular kéfer of the trunk with a
fhovel. The {mall that flafhes over into the trunk, is defigned
for framing, and fo divided into two parts, the fore, and the
hind kéfer. The latter muft be toffed and framed again; but
if the fore kofer is pretty good, it may be toflfed and packed,
the fkimpings of which muft be cazed in the buddle, that is,
one perfon-huddles it as ufual, but with a very fmall flow ftream
of water,’ while another with a few quils fixed on the end of a

- pole, Jightly fweeps the buddle acrofs from fide to fide, begin-

ning at the battom, and fo proceeding forward every ftroke,
till _he comes to the breaft of the buddle, when he returns in
like manner progreffively to the end or tail. By this method it
is- rade fit for cleanfing in the keeve, &c. and the hind- part,

- that
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that is not fit for tofling, &c. muft be framed again, and pro-
ceeded with in the former manner.

. Mean time, all tails that are taken from the bottom of the
trunk head or pednan, together with the roughs (or rows) that
come from the flime, or from the toffings of the hind and fore
kéfers, that are not of a proper fize, muft be ftamped over
‘again, and drefled in the manner before mentioned for bringing
about the crop Tin or bal work. But in the ftamping them,
care muft be taken to fuit them with a proper grate and fmall
weight of tackle, or worn old ftamp-heads ; otherwife they may
be ftamped under fize, and choak the grate, which they call
being dumbed ; to prevent which, they mix with them a fmall
quantity of Goffan or poor Tin-ftuff, to cut-and jagg them up,
elfe the ftamp-heads would mudify them too much to pafs the

rate holes as freely as they ought: nay I have known common
Quartz ufed for this purpofe, entirely deftitute of Tin. If there
be a corrupt brood in the leavings Tin, fo as to damage its
value two parts in twenty, it muft be burned in the manner
before dire®ed, but with a lefs violent fire, and then drefled
again from its calcined impurities : the calcination of leavings
Tin fhould, however, be always avoided if poffible, becaufe
it is fo fine, like floran Tin, that it will, by its fized levity,
be elevated and carried off, together with the -arfenick and

fulphur.

The modes of drefling Tin and its leavings, are too various
to lay before the reader, without danger of prolixity : all of
them depend upon the difference of the kinds of Tin in the
ftone, and muft be dealt with, agreeable to the judgment of
feveral manufa&urers. So much depends upon the fkill of a
drefler, that one may fave one-twelfth part of a batch of Tin,
which another for want of equal knowledge may caft away in
wafte, or perhaps take up fo much wafte with it, as to depre-
ciate the value of the whole by two parts in twenty. Never-
thelefs, all dreffers fave the hinder ftuff from the frame end, as
it wafhes off in a pit by the name of Catchers, which is expref-
five enough ; and likewife the mud at the trunk ends, by the
other name of Loobs, both of which are denominated the Loobs,
after leavings, or leavings of leavings. Thefe are wrought over
in the fame manner as the former, moftly upon tribute, by an
aged workman and a few little boys in the fummer months,
when they can ftand out in good weather, and do a long day’s
eafy labour. The tribute paid by the undertaker is one-third

" Nnn of
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of the produce in white Tin; the other two-thirds he has for
himfelf to pay his coft and charges.

Proceeding upon this fingle principle, that the force of water,
properly applied and introduced among the particles of Tin Ore
and the fordes mixed with it, will difperfe the latter and leave
the former at reft for them to colle& and treafure up, they vary
their operations inconceivably, conduéting them with great in-
genuity, leflening, encreafing, diffufing, or contra&ing their
water, the great inftrument of purity, as the fize, weight, and
combinations of the Metal and its feeders require; and that
with great eafe, cheapnefs, and regularity, throughout the
feveral procefles.

Hence, this bufinefs of drefling is a particular trade, entirely
different from that of the labouring Miner ; and is beft learned
under a mafter workman, who makes it his fole occupation to
follow the ftamping mill and the works belonging thereto.
*This mafter workman hires boys from feven years old ta eighteen,
gives the former about three fhillings a month, and raifes their
wages as they advance in years and workmanfhip, till they have
man’s wages, viz. at the leaft twenty-four g\illings, at the
higheft thirty fhillings ¢ month. This is of double benefit to
the poor parents; and the boys being taken in fo young, become
healthy and hardy by ufing themfelves to cold, and to wark
with naked wet feet all day ; and they learn early to contribute
to their own maintenance. Each ftamping mill which has
conftant work and water, will employ one man and five bays ;
and one hundred facks are carried, ftamped, and dreffed, in the
fpace of a few days, at the average rate of about fourpence @
fack, or one guinea and a half @ hundred. :

We thall here obferve, that even burnt leavings of Tin are
often confiderably valuable, efpecially if they are cupreous ;
and even the pooreft of thefe leavings bring ten or twenty fhillings
# ton ; which is better than to throw them away, as was the
cafe no further back than forty years. All burnt leavings taken
from Tin-ftuff, till the year 1735, were efteemed good for
nothing. But in that year there were feveral fmall parcels lying
on fundry ftamps plots in this parith, which induced Mr. Morgan
Bevan, an old experienced affayer, to try whether he could
reduce them into Metal. For the firft time he aflayed a fample
of three tons ; and, to his own great furprife, as well as that of
others, he found that he could give feven pounds four fhillings

and
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and fixpence @ ton for them, which he adually did, and
prefently after bought feveral parcels more of Meflrs. Carter,
Reynolds, Penrofe, Cornifh, &c. the principal Tin dreflers of
thofe days. From that time all burnt leavings were taken
much care of, provided they were fufficiently impregnated with
Copper ; for fome of them are merely Mundick, with little or
no Copper in them. When the Brafs-wire Company carried on
the great Tin Mine of Chacewater, before this difcovery they
caft away fome hundred tons of burnt leavings, to their great
prejudice ; but fince that time there have been large quantities
fold from the fame Mine. |

The very water in which burnt Tin is wafhed, may be con-
verted to a ufeful and profitable account, either by evaporation
to a pellicle for cryftallization of Copper, commonly called
Blue or Roman Vitriol ; or for the precipitation of Copper by
the medium of Iron, laid in veflels filled with this wvitriolick
water. The precipitation of Copper by Iron, is too generally
underftood to make an explanation neceffary here ; but we have
obferved among our Copper precipitate, where it has been
effe@ed by a very ftrong folution with the cleaneft Iron, feveral
picces of malleable Copper, fome of them retaining the form of
the Iron, like incruftations fallen off from it. Hence it feems
as if there was a degree of attra@ion between the Iron and the
particles of Copper, floating in the water ; as well as the more
obvious attra&ion between the acid and the Iron. Muft not
the particles of Copper thus attratted, cohere by their own
magnetifm, or the attradtion of cohefion ?

It may not be improper to add how far this quality has
already tended or may tend to the advantage of the publick.
Perhaps the hiftory of its rife and progrefs in this country, and
in Ireland, may ferve to illuftrate that matter. About fixty
years ago, this phenomenon was firft obferved by Mr. Cofter in
Chacewater Mine near this town ; for after he had drawn ouf
the water, which had been in the Mine for feveral years, he
found the poll of a pick-axe wholly encrufted with a cafe of
malleable Copper between two and three pounds weight. This
it was juftly fuppofed was obferved by the workmen, fome of
whom afterwards fettled at Cranbaun Mine in the county of
Wicklow in Ireland. The water of Cranbaun having this
vitriolick acid in a very high degree, C:Et. Thomas Butler,
who was one of Redruth, and manager of that Mine, perfuaded
the proprietors to adopt the fcheme of precipitating Copper, of

which
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which they have made for many years paft and now continue to
make very confiderable profit. They dig pits at proper dif-
tances in the Adit, (or fo near as to admit the water) in which
pit they place wooden rails, fomewhat like a bottle rack, fo as
to fufpend the Iron thereon. They put in many tons at a time ;
and, in about fix weeks, the Iron is totally diffolved. The
precipitated Copper is then taken out, fit for fale ; the greateft
part in the form of our Goffan pounded, with feveral grains of
pure Copper interfperfed.

An attempt of this kind was fome years paft made in Huel-
Crafty, but without fuccefs ; for the water being in one part of
the Mine only, and in no greater quantity than would run
through a quill, was too much diluted by other water mixing
with it in the hutch where the Iron was placed ; befides, the
Iron itfelf was very rufty which will always obftru& the fuccefs,
unlefs the water is.in the higheft degree impregnated with the
acid. A fmall and ready experiment proves this; for take a
bright piece of Iron, fuch as a key, or polithed knife, and
immerfe it in the water for half a minute, and it will be ftained
of a Copper colour. Many Mines in this county have fome rills
of this water, fo as to do confiderable mifchief, without having as
yet (perhaps for want of proper attention) applied it to this ufe.

But though we may date the firft hints relating to this matter
in England and Ireland from the foregoing difcovery in Chace-
water, it is no new thing in other countries.” Brown mentions
it in his travels into Hungary, as a profitable appendage to the
Mining of that country. Dr. Rutty, in his Natural Hiftory
of Dublin, fays, ¢ Our water at Cranbaun in the county of
¢ Wicklow, may well vie with thofe of Herengrund and Ciment
‘ in Hungary. Of ours I received the following account in the
‘“ year 1765 from a perfon converfant in thefe matters.”

¢ It is faid to tranfmute Iron into Copper; but the fa& is,
¢ that it precipitates its contained Copper upon Iron bars im-
“ merfed. It continues in its full ftrength ; and, in feven years
¢¢ laft paft, yielded to its proprietors a fum no lefs than feven-
¢ teen thoufand two hundred and fifty-nine pounds eighteen
¢ fhillings and ninepence halfpenny, and all this without any
‘¢ expence of fuel and men. The precipitate thus formed being
¢ fluxed, yields above half of pure Copper: for an ounce gave
¢¢ twelve pennyweights and eighteen grains in one experiment,
_ ¢ and thirteen pennyweights twelve grains in another.”

S o CHAP
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whofe contents are lefs than half a ton @ hundred facks, it is
fcarce worth the trouble of returning and drefling it, except the
Ore is rich in quality, and will bring a good price : muci alfo
depends in this cafe upon conveniencies, care, and expence
more or lefs in carriage and water to drefs it,

Halvans ftamped fmall, and then wathed in a ftréke with an
eafy ftream of water, is termed Stampt Ore. But a finer fort is
ftill to be had from the flime pit, which proceeds from the
minute particles that glide away with the mud and water ; this
fort will not bear a brifk ftream, therefore it" ftill retains much
dirt and mud, whence it is called Slime Ore. The rough part
of ftampt Ore fhould be tyed in a ftream of water, and the
hinder part of the tye giggcd through a fix or feven hole fieve.
If it is much adulterated with Tin, Lead, or Mundick, it muft
be cleanfed by frequently tying or buddling of it. In order to
clear the earthy fordes from the flime or loobs, it may be trunk-
ed, and after purified by the buddle, kieve, dilluer, &c. the
fame as flime Tin, if it is worth the expence. It muft alfo be
noted, that Copper Ore requires a coarfer plate or grate in
ftamping, than Tin does, becaufe it is of a lighter nature and

more fleaky. .

I have heard of a poor fandy Copper Ore fomewhere in
Wales, of the appearance of verdigreafe, which is fo light, that
the cupreous part of it will not bear even the leaft ftream of
water : they drefs it by grinding, dry ftamping, or bucking ;
then put it into tubs or kieves, and tofs and pack it the fame as
I have obferved of Tin: now the real Ore in it being without
any fulphur, or much Metal, is fpecifically lighter than the
wafte or fand ; therefore the Ore fwims uppermoft, and is
fkimmed off in the manner of Tin fkimpings. But I fuppofe
thofe extreme light Ores are fo very poor, that none would be
concerned with them, only in hopes of their improvement.

It is worth notice, that Copper Ore may be too curioufly or
too remiffly drefled, fo that either way the adventurers may in-
cur a lofs ; the ground of which is {fometimes not {o well confi-
dered as it deferves. If too much time and coft are expended
in drefling the Ore, every one will grant it infers a lofs ; but
on the other hand, if too much foul Ore is left in it, that will
alfo be to the prejudice of the concerned. Every ton of wafte
Ore cofts as much to be fmelted as a ton of clean ; at lealt, the
buyer fubftracts as much for a ton of the one, 'as the other.

Suppofe
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- Suppofe the buyer allows three pounds fterling for his charges of
{melting and ‘working a ton of Ore, and confequently the fame
fum for each ton of wafte in the Ore, which in reality the
fmelting cofts the buyer or refiner ; and therefore he muft de-
du@ fo much from the produce of the Ore ¢ ton. This is the
cafe in Cornwall ; but in other places, more diftant from the
furnaces, in Ireland for inftance, the dedu&ion muft amount to
more money, in proportion to the duty there on Ore, and alfo
an overplus of freight, and if there be any other furplufage of
coft, more than in Cornwall, as a longer carriage by land, and
the like, all will operate to leflen the value o%' the Ore: but
where fuch incidents are lefs than common, as a very fhort
freight, or little charge in land carriage, then inftead of a de-
du&ion, there is room to make a further advance of the price.

To illuftrate this cafe, fuppofe one hundred tons of Copper
Ore, to be worth ten pounds & ton, the amount of which will
- be one thoufand pounds ; fuppofe alfo it has fo much earth or
wafte in it, that it may be reduced to fifty tons, with a mo-
derate charge in drefling, and with an inconfiderable lofs of the
Ore ; then each ton will contain nearly the Copper which two
tons did before : and whereas the buyer would have taken out
fix pounds for the charges of carriage, freight, and fmelting of
two tons, hé¢ will now dedué& but three pounds for thofe charges
upon the fame Ore in one ton: fo that inftead of deducting
three hundred pounds on the one hundred tons of Ore, he will
now dedu&@ but one hundred and fifty pounds on fifty tons,
whereby the adventurers will fave fo much of the other one
hundred and fifty pounds, by how much the parcel of Ore will
coft lefs for dreﬂ{ng and taking out the wafte; for the fifty tons
of Ore will now be worth twenty-three pounds ¢ ton, which
will amount to eleven hundred and fifty pounds inftead of one
thoufand. Yet if the Ore be light or rich, there may be more
of it loft, than the ufelefs wafte carried off may compenfate,

Again, if one hundred tons of wafte were mixed with the
one hundred tons of Ore worth ten pounds 4 ton, then the
buyer would make an additional abatement of three hundred
pounds more for his charges upon the one hundred tons of wafte;
{o that the whole amount of the Ore, would be but feven hun-
dred pounds, inftead of one thoufand pounds; for the Ore
would be only worth three pounds ten fhillings ¢ ton ; accord-
ing to which, it is plain, that Ore may be too curioufly or too
careleflly drefled. For Ore rich in nature, may be brought to

- a great
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a great rate, and produce a large profit to the adventurers;
otherwife it may be fold to a great difadvantage, and without
any gain, for want of being well handled : there are, however,
feveral poor Ores, {fo dry and barren by nature, that they are
not capable of being-fo well conditioned, as to bring a good
price.

‘The conclufion I would draw from hence, is, that if a ton
of wafte can be taken out of the Ore, for lefs than the charge
of fmelting a ton (which I call three pounds here) 'and without
any confiderable lofs of Ore, the adventurers fave money by
drefling it thus: but if the charges of taking out a ton of wafte
arife to more than three pounds, then they lofe as much as the
excefs of coft amounts to, together with the Ore wafhed away ;
hence, mediocrity fhould always be obferved. !

The dreflers of Copper Ore often work for monthly wages, -

but then they do not always make the difpatch they ought;
therefore they more commonly agree with the adventurers at a
certain or fixed price for every ton of drefled Ore; but this
makes ‘it the dreffers intereft, to make the greateft number of
tons that he can, fo that the adventurers may fuffer a lofs, for
want of a true cleanfing the Ore. To prevent this inconveni-
ence, the beft method is to fet the Ore to drefs in proportion to
the price it brings  ton; or in other words, to allow the
drefler fo much in the pound fterling, according to the price
the Ore will bring ; for this makes it his intereft, as well as the
adventurers, to make the Ore as merchantable as he poffibly
can: however, he fhould be ftinted from throwing away too
much Ore in the halvans, or be obliged to ftamp the halvans,

and return their contents in Ore.

There can be no ftated rule given for fetting Ores to drefs at
a price, becaufe the Ore is incompa&, or lefs, as well as poorer
in value, in fome Mines, more than in others ; but where Ore
rifes with little wafte, it may be drefled at a much cheaper rate,
efpecially if it be rich in quality. I have known Copper Ore
in feveral Mines, where it might be fifted out at the Shaft fide,
without any other trouble, to be drefled for one penny in the
pound fterling ; on the other hand, five fhillings may not be a
{ufficient price for Ore that is hard and barren.

It.,,may be worth enquiry, whether very fulphureous Ores
which abound with Mundick, may not be advanced in value
by
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'backwardnefs of the Copper companies; by ere@ing" more fur~
naces, and running the fame Regule into fine Copper; a cir~:
cumftance of great notoriety, which might be followed by many
good confequences for them and OhC‘lt n.exghbourhood :

Lead Ore, like that of Copper, as it comes out of the Mine,
is very little of it. merchantable, or fit for fale or fmelting’; thet
foffils -and foil mixed with it, muft firft be:feparated by break-'
ing and wafhing, accordmg to the na,turc, nchnefs, or pomtyf
of the Ore. S L

As for Lead Qre that does’ net rife very fohd it ought to. bcu
bucked . and _]1gged and Ve?r fcldom carried to the flréke, -or.
ﬁamps, except it be veyy fcarce and thin in the flone; bat'
when it is fo poor. as to make bucking and jigging impreper:
and coftly, then it is fcarce worth the trouble of ftamping and
drefling : however, when it is fo treated, the -grate of the
ftamping-mill fhould be yet coarfer than for Copper Ore ; be--
caufc Lead Ore breaks into Faeets or flakes, and is thence liable
to float away and be loft, even with a very eafy ftream of water.
The method of jigging "has been ufed a long time in.the Lead
Mines in Cornwall, though but very lately in the Cogper Mmes,
_ and they find it to turn to good account beth in'the: one and

the othcr There can be nmo doubt; that the Cornifh were
almoft entirely obliged to the Derbyf}nre and other Lead Miners,
for the beft method of ‘drefling Copper Ores in the fisft place ;
which [ fuggeﬁ from the antiquiry of Eead Mires. m' the
northezn counties, and the much later: difcovery of COPEB' Ore; -
in Cornwall : to which we muft add, that the great fimilarity
. in the nature and’ gravity of Copper and Lead Ores, would
naturally incline' us to ufe one and the fame method for their:
punﬁcatlon Neverthelefs, it muft be allewed, that the great
va.neﬂcs of Copper Ores in Cornwally fome of - whlch require a
very nice management in dreffing, have given her Miners a
preeminent judgment in that matter, which is warranted by
continual obfcrvatlon and experlence

But when Lead Ore rifes: nch in. Iarge fol'xd: pleces, Hie s
broke with a hammer into cubes, - ﬁ'om half an inch to. one inch:
of a fide ; and this is called Bing in Derbyfhire, but:inCornwall’
it is fhled Cobbed Ore. Such part of the Ore whick is toe.
impure for bing, is further beaten down with a broad headed
hammer called a Bucker, according to its degree of mixture
-with faoflils, &c. . which this beating is lntended tg break Offl '

an
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and prepare for feparation in water. This, with what was
neceflarily broken to an under-fize in making bing, they term
Knock-bark, i. e. Bucked Ore; which being put into a wire
fieve, and wafhed in a kieve or.vat filled with water, the Ore
- preponderates in the fieve according to its f{pecifick gravity.
Thus the {maller parts of the Ore go through the mefhes of the
fieve into the vat, the larger parts reft on the bottom of the
fieve, and the foffil part forms a ftratum above the Ore, which’
is taken off with a femi-circular flat board or hand fhovel called
a Limp, and is thrown away ; and the Ore remaining in the
fieve, thus feparated, is called Peafy. Thofe particles which
pafled through the mefhes of the fieve, in feparating the peafy
from the foffils, with all fuch {mall particles of Ore as have
been pulverized in getting or drefling, together with thofe in
the wafte hillocks, (halvans and henaways) is again wafthed over
in the fieve and vat, once, twice, or three times, in order to fe-
parate and cleanfe the Ore, which they call Smitham. In this
manner are formed the three affortments of Lead Ore, viz.
Bing, Peafy, and Smitham. Now in Cornwall thefe three forts
are generally mixed together for fale ; before which, we call the
Bing, Cobbed Ore ; and the Peafy and Smitham, Jigged: Orte,
the Peafy being firft Bucked. So much in general do the
methods of drefling Copper and Lead Ores agree, that in the
foregoing account they differ in nothing but terms of art.

‘There is another method of drefling very tender Copper and
Lead Ores, f{peedier than bucking, viz. in dry ftamps, where
the Ore has no water to carry it through a grate, but it is
ftamped dry or a little moiftened. In dry ftamping, it falls out
of the mill, partly in grofs lumps ; and one attends who with
a fhovel throws it on a proper fized hurdle, through which the
{maller pieces fall ; and the larger that run down to the foot of
the hurdle, being pounded fmall enough to pafs through the
hurdle likewife, the whole is drefled and cleanfed by jigging

as before. - -

When the Ores of Copper or Lead are drefled and made fale-
able in Cornwall (for Lead Ore.is difpofed of in a different
mianner in Derbyfhire, and the northern counties) the piles or
heaps are either kept feparate for a market, if the quantities are
large ; or elfe the different forts are well mixed together in one
pile, very rarely exceeding one hundred and eighty or two
" hundred tons in one parcel, and from thence, down to one
hundred, eighty, fixty, fifty, forty, twenty, ten, five, ‘or'even

1 onc
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one ton, if the feller pleafes, which is feldom' the cafe, and
never for his advantage. If. a Mine has four hundred tons of
Copper Ore drefled ready for fampling, the managers may di-
vide one half of the quantity, for inftance, in two parcels of
one hundred tons each, and the other two hundred tons thus;
one parcel of eighty, another of fifty, ancther of forty-two,
another of twenty-one, and the laft may be a fmall parcel of
poor ftamped Ore computed feven tons; in all, four hurdred.
But the reader is not to underftand, - that thefe different parcels
were ever mixed with each:other : they may belong to {eparate
takers .upon tribute each parcel, they may lie at feveral dil{)ances
from, each’ other, and be of very unequal value; :for the firft
hundred tons may fell for four pounds 4 ton, the next for five
pounds: ten fhillings, the eighty for: fiftéen pounds- 4. ton, the
fifty for eight pounds five fhillings, and fo on of all the reft.
It is very common, however, for tributors to mix- their Ores.
with the owners, or with each other of their fellow tributors,
fo that the Ores of four or five different fets of people may be all
mixed together to make one fample for conveniency of fale,
purfuant to the dire@ions of. the managers or captains of the
Mine, previous to which, their feparate parcels muft be nicel

weighed and private famples taken : but I have illuftrated. this
matter in book iii. chap. iv. ‘

A drefled parcel of Ore, before the day of fampling, is very
well mixed by feveral men,” who turn it over again and again, a
perfon ftanding on the top of the pile or parcel, who fpreads
every {hovelful circularly, and as equally as he ‘poflibly can, fo
that in fa&, it is mixed with great exa&nefs. This parcel, if
lefs than ten tons, is-divided into three Doles or piles ; if above
ten, into four Doles ; and if ever fo many more than nineteen
tons, it is divided into fix Doles; and then it is ultimately
ready to be fampled. ..

Now when the famplers meet upon :the fpot according to
- appointment, either of them, indifferently, fixes upon the
one-fixth, one-fourth, or one-third Dole of a parcel according
as it is great or fmall, to take their famples from. The Miners
then cut or part that Dole-athwart and acrofs down to the
ground, fo that is divided nearly into quarters, -by thefe tranf-
verfe channels which are cut through it. Then a fampler with
a fhovel pares down a little of the Ore from all parts of the
channels, to take as equal and regular a fample throughout the
swhole, as he can, to the amount of two or three hundred
g Rrr weight,
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B O OK V.

CHAP L

On the Art of Affaying Ores and Minerals ; defcribing the
. Utenfils and Fluxes for Aflaying.

T is not here propofed, to teach the art of affaying Ores,

~ {o as to determine the quantities of Metal they contain with
fuch accuracy, as is neceflary for thofe who buy Copper or Tin
Ores, that being a peculiar trade : nothing but inftru&ion by a
good affayer, and much pradice in the bufinefs, can make a
man:a perfe& adept in the art. What is intended here, is,
only to. give the principles of affaying, with fuch an idea of the
practice.as may help a perfon to attain that degree of proficience
which will enable him to form a pretty good judgment of
Mineral fubje@s in regard to their contents. And if a man
hath a genius for fuch fert of “enquiries, with that degree of
diligence and attention which ufually accompanies it, it is
poflible that what is here faid, may open the way for a more
{cientifick and extenfive knowledge and pra&ice of aflaying,
than is at prefent known or ufed in the county of Cornwall;
for whofe ufe this little effay is chiefly calculated and recom-
mended. .-

To the forming a comprehenfive idea of Ores, &c. a man ought
to know the natural hiftory of thofe things which enter into their
compofition, which are the Metals, as Gold, Silver, &c. and the
Semi-metals, Bifmuth, Cobalt, Antimony, &c. Brimftone is alfo
avery common and almoft a conftant concomitant of the Metals
and Semi-metals in Ores, as well as ftones or earths, which in
.Cornwall are almoft always of. the vitrifiable kind, that is, fuch
as run into glafs with fluxing materials ; as the fixed falt of
vegetables, . pearl afhes, and falt of tartar ; nitre, divefted of its
acid by means of any inflaimmable matter; borax, and the
calxes of Lead ; fluors, or the fufile fpars; clays, and ftones,
of the vitrifiable or flinty kind. By reference to book i, chap.
iii. of this work, the reader will there find the natural ‘hiftory

of
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falls § wafh this as. the former precipitate, melt it with -black

flux, and it will be revived into Copper. The folution {hould -

be kept in hot fand, or water, during the whole time of the
precipitation. ‘ R

In the above procefs, the fpirie of nitre being the proper
folvent of Silver, Copper, Lead, and Bifmuth, if any of thefe
matters are in the Ore they are diffolved ; that js, after the
fulphur is burnt off, which would otherwife guard them from
being attacked by the fpirit. It is expedient, that there fhou}d
be a larger quantity of {pirit than is juft neccflary to diffolve the
Metals, otherwife they might precipitate one another; it is
therefore right, to tafte the folution ; and if it taftes very fharp

and acrid, the quantity of fpirit hath been futficient. To make

this experiment as accurate as peflible, in regard to quantity,
the calx ought to be finely levigated in a glafs mortar ; and the
affufion of fpirit of nitre, and the digeftion, &c. continued
as often, and as long, as any thing metallick can be gotten
from the calx. : =

Procels. I To affay Pyrites, Marcafites, or 'Miipﬂicks, for

l Gold or 8Silver. -

Light a fire in the wind furnace, with common ceal ; and
when it is got up to a geod whitc heat, place a crueible in it,
which fhould. be fisft dipped in water to prevent its cracking;
furround it with coal almoft to the brim, and as foon as it is of
a good ftrong heat inclining to whitenefs, put into jt the
Mundick defigned to be aflayed, which ought to be previoufly
weighed. Shut the opening of the furnace with the bricks ufed

for that purpofe. Let it remain till it is perfe@ly fufed ; then.

pour it into a cone, greafed; or rather finoked by the flame of
a candle ; when it is cold, knook it out of the cone, and fepa-
rate the reguline or metallick part from the fcoria, if any on
the furface of it. A ocone is.a hollow veffel made of caft Iron.
Sece fig. 2, plate VI. = '

Procefs IIl. The method of _fcoﬂfxihg this Mundick, or

converting all the parts which compofe it (except the noble

Metals) into Glafs. -

. Place a crucible of the lar ﬁlﬁz#,.' on 3 piece of brick ﬁﬁb—.
able to it, in the middle of the wird furpace. Make a fire
round it with charcoal till it Is red hot, when common pit-coal
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may. be ufed. Then put in the Regulus of the Pyrites or Mun-
dic{, ~with one balf its weight of Lead revived from. lithargg,
and as much Glafs of any kind, with as much litharge as Glafs,
previoufly mixed together. Raife the fire till all is melted, and
the fulphur and arfenick appear to rife through the Glafs a-top,
and fly off in a flame. Continue the fire E)r fome hoirrs, -till
this, appearance ceafes, and the Glafs melts fmooth like oil,
when it may be fuppofed the fulphur and arfenick are confumed
and the fcorification pretty far advanced. In this part of the
operation, it will be neceffary, from time .to time, to make
freth additions of litharge to thin the Glafs, which is apt to
grow thick and tenacious by the Iron (which is continually
{corifying) mixing with it. When the litharge is thrown in, it
ought to be mixed up with the Glafs a-top, by means of an
Iron rod.  The Glafs ought to be very thin before the whole,is
poured out ; when this is the:cafe, . pour it out into the greafed
‘or {moked cone ;' and when cool, knock it out, and feparate
the fcoria from the Lead at bottom. If the Lead is quite foft
and malleable, and the fcoria very thin, fo that if a wire was
dipped in them, they would have dropped off it like oil,
leaving. only..a varnifthed like appearance on the wire; the
operation is well done : but if the Metal is brittle. and. hard,
tlll)e operation muft be continued till it is rendered quite foft
and malleable. Sometimes it is neceffary to make an addition
of freth Glafs, in order to a complete vitrification of the .Iron,
but thep litharge muft be added at the fame time. ‘

. When, fh;;‘Lead is r:cduced to pérfe& fo‘f;t.ncfs,..ié 1sﬁt f(;;'

cuppellation; To carry this procefs ta perfection, it is neceflary
to bring the fcoria to a complete vitrification, when they will
be yery thin and fhining, They are.then to be powdered, and
mixed with their weight of black flux, a little powdered char-
coal, and one quarter their weight of fea falt decriptated: the
whole is to be perfedly fufed, till it flows like oil, ‘when it is
to be pouied. into the cone ; and, ‘when cold, the.Lead in the
bottom, which is like to be in confiderable quantity,- muft be
alfo cuppellated, but feparately from the other, in order to de-
termine if the firft affay was perfe& or not. . . T

The intention of the above procefs, is to {eparate the fulphur
and the arfenick from the Mundick ; and to convert the Iron,
which makes up a great part of- this compound, into {coria ;
and finally to vitrify it fo, that the Gold and Silver it may con-
taip. fhall be abforbed by and.Jeft jn ithe Lead ; which I think is

R perfeély
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perfecly well done by this procefs. . The fulphur and arfenick,
“are -continually flying off through the Glafs, which is likely to
detain any of.the nobler Metals, which the arfenick might
otherwife volatilize; at the fame time, the Iron which was
mineralized by them, burns to {coria, and rifing. a-top of. the
metallick part mixes with the Glafs, and is vitrified with it ;
. the Mundick at bottom grows more and more metallick, and, as
I apprehend, the Lead, if not entirely, is:-at leaft greatly
mineralized by the fulphur and arfenick. The Iron and Lead,
in' this Mineral flate, are mixed; but the Iron parting from
. thefe matters eafier, as well as attra&ing them ftronger, than
the Lead, difcharges them up through the Glafs, and is gradu-
ally turned into fcoria, till the whole of it is feparated from the
Lead, leaving with it the nobler Metals.it contained.

The only hazard of miffing in this procefs, is from-the veffels
being corroded by the Glafs of Lead, which is very penetrating,
when brought to that thinnefs by the litharge which is neceffary;
but this may be effeltually. prevented. by the ufe of a porcelain
or china-ware crucible, which as it is a new dnvention, and
may be of great ufe to the curious in Metallurgy, without re-
~ marking on what others have done, I fhall here give it to the
" publick in few wards. - S

Procefs IV. Whoever hath been converfant in Mineral chy-
miftry, muft know, that veflels which will hold Glafs of Lead,
prove a great defideratum. . Now the micofe clay, which is
one of china ware, is known to be abfolutely unvitriable ;
for though mixed with an equal part of vitriable ftone, it ftands
the greateft heat that art knows, without being vitrified.* I.
believe all the grouan clays would anfwer to make the veflels in
queftion ; and, I know that the porcelain clay at St. Stephen’s
will. The compofition I would recommend, is two parts of
- the wathed clay, and one pait of the gravel it contains, ground
to a very fine powder, mixed and made into a pafte. Let
a potter form them into the thape of coffee difhes of a moderate
thicknefs, and of different fizes, according to the purpofes th
are defigned for. They muft be burned in a crucible, or WI;Z
crucibles, or porcelain, if you are in the neighbourhood of a
facory of either kind. The fire muft be full as ftrong as is
nece(rfyary to burn china ware or crucibles ; but if one hath not

the advantage of a neighbouring pottery, the higheft heat that
' ® See book i. chap. iii. upon Steatite, or Soap-rock. |

Ttt ,.can
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can be given-in a fmart wind furnace, is fufficient. When
burned, they area true unglazed porcelain as it is poflible ; the
St. Stephen’s clay without mixture, may make the Rrangeft
veffels ; it might be tried: but I know common porcelains
anfwer extremely well. . .

. As thefe veflels will by no means bear an open fire, they
muft be guarded : the beft way of doing which, is to place
them in crucibles made round, and about two-thirds of an inch,
- or an inch wider.. Lay in the bottom of the large crucible the
thicknefs of half an inch of flint fand ; if this cannot be had,
Quartz, or (as it is impropesly calied in Cornwall) Spar, may
beé powdered and fifted through a hair fieve : fll up the vacncy
between the two crucibles with tlie fand or powder, and. let the
outfide crucible have a cover made to it exaétly like that of a
téapot, and the apparates id fmithed. See plate VI, fig. 3.
‘Fhis apparatus muft be fixed on a conical bafe made of two
parts -pipe clay, and one part fand ; the thape of it is to be feen
plate YI, fig. 4, a little excavated at top, ‘to let in the crucible
that it mmay ftand ftcady.. . »

I have thought proper to give this pracefs on Pyrites, as there
has been much contention about the matter ; people will now
have it in their power to know whether or not they are of any
Vllllt.. A

Any Ore that is fuppoféd to contain Silver, or Gold, mixed
with a proper quantity of litharge, with revived Lead at bottom,
and a mixture of Glafs, if the Ore has no vitrifiable ftone in it,
may be tried the fame way. The want of vitrifiable ftone or
carth, may be known by. the {coria, which will be tough and
metallick, not glaffy.

* Litharge is eafily revived, by mixing it with a proper quantity
of black flux, and a little charcoal duft, and melting the whole
in a firong five, till the furface melts fmooth and equal, with-
out bubbling, . .

Procefs V."‘ Cuppellation ; and the feparatibn of Silver and
Gold by Aqua Fortis.

'The veflels ufed 'in this procefs, are called Cuppels, and are
formed ordinarily of bones burned white and powdered, or of
the afhes of vegetables from which the falts havc.}':een thoroughly
b ~ feparated
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the fpirit of nitre, and the pot-ath ; the vegetable alkali being
the bafis of nitre. .

Pfocefs VII. Proof Aqua Fortis.

" Take any quantity of good aqua fortis, which will diffolve
Silver ; drop into it a few drops of a faturated folution of Silver :
. if there appears to be any precipitate or cloud of & white colour,
as there will if the aqua fortis has {pirit-of falt in- it, which I
believe is always the cafe; if this precipitate falls foon to the.
bottom, it is proof the aqua fortis contains much fpirit of
falt, and one may be bolder in dropping in the. folution of
Silver ; but. if it is thin and light, it is neceflary to proceed.
" with more caution. Let this milkinefs fettle ; and to a {mall
quantity of the aqua fortis in a phial, add a drop of the folution
~ of Silver; and if there ftill appears a milkinefs, more of the
folution may dropped in, always aiming to add no more of the
* Silver folution, than is neceffary to feparate the whole of the
“{pirit of falt from the aqua fortis, which may be known by
adding' a. drop of the folution to a little of the aqua fortis in
‘a phial ; for if the aqua fortis is proof, it will continue quite

" clear without the leaft milkinefs.

" There is an eafier way of preparing proof aqua fortis, which
. is by putting a bit of Silver into it, and fhaking it feveral times
-+ in a few hours ; and if, the next morning, it is fettled quite

.clear, and any of the Silver is left, it 1s proof. The only

... queftion is, whether it doth not contain Silver ; to determine

this, drop a few drops of it into filtered brine, and if there
- arifes no cloudinefs in the mixture, the aqua fortis contains no .

. Silver. : , .

.- Spirit of falt will not diffolve Silver ; but being diffolved in
aqua fortis, there is a ftronger attradtion between the fpirit of

- falt and the diflolved Silver, than between it and the aqua fortis,
- as it diflodges the fpiritus nitri, and unites with the Silver into

‘a falt that is not diffolvable in water, and fo finks to the bottom

" "in a white curd called Luna Cornea, which may be reduced

" into Silver with pot-ath, by being melted with it; and if the
- pot-afh is not in too great a quantity, it will be converted into

- " "a fea falt, with a vegetable alkali bafis; by which it appears,
.- that the fea falt was decompofed, or feparated from its mineral
~ .alkaline bafis, in the operation of precipitating the Silyer.
.- What is called the Mineral Alkali, or Bafis of Sea Salt; is of the -
. . Uuu - fame
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into 'a compound crocus metallorum, confifting of the calcined -
Antimony and Tin. The Silver not being calcinable, when
the fulphur which mineralized it is feparated by the nitre, it
regains its metallick form, and falls to the bottom of the cone. -

The compound crocus metallorum, and the amber fcona, '
may be reduced into a metallick form, by being mixed with a
proper quantity of black flux, and melted in a crucible ; but -
not without great lofs of the regule. This procefs for the

feparating Gold from Tin by Antimony, may be applied’ to R

Copper, or any other Metal.
Procefs X. To affay Copper Ore.

Powder the Ore and fift it through a hair fieve ; .fhake and
mix it together, that every part of the powder may be alike, in
* regard to its metallick contents: form this powder on a piece of
paper into a bed of half an inch thick ; then weigh off a troy
ounce, or ounce and quarter of it, from different parts of the .
bed or heap: and in order to aflay it, the Ore is firft to be
calcined, in the following manner : =

The wind furnace having been before well heated, is to be .
filled with fea coal, reduced to the ftate of charcoal, or as it is . -
ufually called, coakt or charkt. A crucible of the largeft fize
for aflaying, is then placed in the furnace, fo that the top of it
- fhall be a little beneath the top of the furnace. It is very proper

to place one layer, or a few pieces of raw coal, round tge top
of the crucible, to keep down the flame and heat, which would
. otherwife incommode the operator in the calcination. The Ore
may now be put into the crucible, and fome of the covering -
bricks put on the mouth of the furnace to raife the fire ; but -
this muft be done gently As foon as the Ore is obferved to be
of a dufky red, it is time to begin to ftir it, to prevent its melt- -
ing and running into lumps, which muft by all means be pre-
vented, both by flirring, -and a proper regulation of the fire.
The Iron rod ufed in ftirring, fhould be about two feet and 2
half long, and as thick as the end of the little finger, the one
extremity of it flattened and formed like the toes of a pair of

tongs, fo as to fuit the bottom of the crucible. With this rod -

the Ore is to be ftirred bnﬂdy from time to time, fo as to pre- ..
vent its melting, or running into lumps; and if it thould appear -

difpofed to do this, it muft be ftirred very bnfkly, till  the

appcarance ceafes, and the Ore is agam reduccd into-a powdery !

form
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form. It will not be neceffary to flir the Ore continually ; but
when you ceafe to ftir, the rod muft not be tiken out of the
crucible but left in it, the upper end refting on the bricks of
the chimney. -

In the beginning of the calcination, a large quantity of
fulphureous and arfenical fumes will be difcharged from the
Ore ; and moft Ores, at this time, emit alfo more or lefs of a
fulphureous flame. As the Ore parts with thefe volatile matters,
+ it grows lefs fufible, fo that the fire may be fuffered to encreafe
a little, in proportion as the Ore is lefs liable to melt. The
operation muft be thus continued, till the Ore emits no longer
any vifible fumes. When the crucible is taken out of the fire
and {melt at, if it yields no {mell of fulphur, even when it
hath been expofed to a ftrong red heat, a little inclining to
white, then it is fufficiently calcined. This procefs generally
takes three quarters of an hour, and the fire muft be often
renewed by adding freth charks, and raw coal..

In’ this procefs, the Ore is freed from the fulphur and arfenick
which mineralized it, and is now reduced to the Metals and
ftony fubftances; but as the Metals cannot be colle&ed by
fufion into a body, as the ftony parts are infufible, this makes
" it neceflary to .ufe fuch things-as will turn thefe ftony matters
into Glafs, by the following procefs of Scorification.

Procefs -XI. . Suppofing. the quantity of Copper Ore made
ufe of, to be one-ounce, mix with it one ounce and a quarter,
good weight, of black flux, and half a thimble full of powdered
culm ; put thefe into the crucible the Ore was calcined in, and
cover them with nearly half an ounce of fea falt. Fill the
furnace with charks, and place the crucible in the furnace,
furrounding it with charks to the brim. After you have covered
it with a cover, made of the fame compofition with the crucible,
put on the covering bricks on the mouth of the furnace, when
the fire will rife, and the matters in the crucible will be heard
to melt and boil. When thefe appearances have ceafed for fome
time, remove the bricks, and infpe& the matters.in the cruci-
ble ; if the furface is agitated, and the boiling and fermentation
continue, the fcorification is not complete.” If the fire wants
mending, mend it; place the crucible fecurely, clofe the fur-
nace, and_continue the fire, till the contents of the crucible
flow like oil.. Take it out of the furnace, and fuffer it to cool;
when cold, break the crucible, and feparate the:Metal at bottom,

' X x x , from
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to a calx, only it does it flower: the Iron, Tin, and Lead,
‘calcining quicker than Copper, the effe& of fire in refining is
very evident. Neverthelefs, - the fuccefsful management of it,
can only be attained by attention and experience. ‘

In Copper affays, the cone is not ufed, but an ingot of a
peculiar kind. Hollows of a fpheroidal form, are made in a
piece of Iron or Steel about an, inch thick. Thefe excavations
are polifhed very fmooth, and the utenfil hath a handle formed
out of it, fee fig. 7, plate VI. The hollows contain about half
an ounce of water, and are nearly an inch and quarter diameter.
Some fmoke thefe hollows with the flame of a candle, and others
rub them with greafe, or a rag inclofing fome tallow, rofin,
or wax. .

Procefs XIV. To affay Copper Ore the regule way.

Pulverize, fift, and mix the Copper Ore, as in the tenth pro-
cefs ; then take the the fame quantity of Ore, with an equal
part of common powdered black glafs, about a fourth or a fifth
part of nitre, and half as much borax : mix and put them all
together in the crucible, covered with one quarter of an inch
thick of common falt. Melt thefe in the ftrongeft fire you can
raife in the wind furnace till they flow freely, which will take
fome time longer than a fample of calcined Ore. When cool,
break the crucible, feparate the regulus from the fcoria, pulve-
rize it, and then proceed exadtly in the fame manner as with g
calcinable Ore, ut fupra.

Now, in order to calculate the value of a ton of Copper Ore
by the produce of an affayed troy ounce, you are to remember,
that if one ounce of Ore makes one pennyweight of fine Copper,
it will. be: one part in twenty, five pennyweights will be five
parts in twenty, and fo on : therefore, a perfon who is familiar
in the bufinefs, may know the value of a ton of Copper Ore off
hand, by only afking, how many parts in twenty fuch a fample
has.produced. But this valuation of an aflay depends entirely
upon a given ftandard price for the ton of fine Copper, be it
either ninety, ninety-fix, one hundred, or one hundred and five
pounds fterling. Of courfe, every pound or twenty fhillings
that the ftandard rifes or falls, will make a difference in the
aflay of one fhilling or a twentieth in every pennyweight, and a
halfpenny in every grain: as for inftance, one pennyweight,
one grain, at ninety-five the ftandard, will make the produt;«;

equ
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equal to four pounds fifteen fhillings the pennyweight, and
three ﬂnllmgs and eleven pence halfpenny the grain; but if the
ftandard is ninety-fix, the produce muft be valued at four
pounds fixteen. fhillings the pennyweight, and four fhillings the
rain. Three pennyweights and three grains at ninety-five the
ftandard, will amount to fixteen pounds fixteen fhillings and
tenpence halfpenny, and at ninety-fix will nfe to feventeen
pounds. :

This mode of calculatlon being apprehended by the reader, I
will proceed to a few examples by the rule of pradice, which
will {fet the matter in fo clear and eafy a light, that any perfon
may calculate an affay of Copper Ore without the leaft dlﬁiculty -

Suppofe one troy ounce of .Copper Ore pro- Dwts. Gr:
duces an aflay of fine Copper that weighs — 3 Ig
at ninety pounds the ftandard value of one ton of [4 10
fine Copper, I firft multiply the three penny- :
weights by four pounds ten fhillings the ftandard ; f13 10
for ten times three fhillings are thirty'fhillings,' 2 5

2
3

and four times three pounds are twelve pounds,
and with the twenty fhillings from the place of - '
fhillings make one pound more, equal to thir-
teen pounds ten fhillings : fo that three penny- [f17 1
weights of fine Copper at ninety, is worth thir-~ 3
teen pounds ten fhillings ‘the tor': but here are
ninéteen grains unaccounted for in ‘that price;. f14 1 3}
therefore, I fay, twelve grains are one half of
a pennyweight, equal to two pounds five fhillings; fix
grains, the half of that, are equal to one pound two fhillings
and fixpence : and the one grain remaining, is equal to
ninety halfpennies ; for, as I have faid before, one grain is
valued at fo many halfpenmes, -as the ftandard is pounds ;
therefore one grain is equal to ‘three fhillings and nmepence
By adding the whole together ; 1 ﬁnd the affay :of three penny-
weights nineteen grains, at-ninety, is worth feventeen pounds
one fhilling and threepence. g ton -of Copper Ore. Thefe are
the grofs proceeds ; but-as there is an expence upon the bring-
ing this ton of Ore into fine Copper, fuch as carriage of the Ore
to the coal by land or fea, or both, furnaces, labour, coal to
{fmelt it, &c. it muft be deduéed beforc we can fix the nett
value thereof. Thefe returning charges are commonly rated at
three pounds 4 ton one with another ; fo that, of confequence,
Yyy one

wW (O o U .
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one hundred tons of Capper Ore will require three hundred
pounds expence to bring them into fine Copper ; and the above
{eventeen pounds one fhilling and threepence will be reduced to
a nett value of fourteen pounds one thilling and fixpence ; it
being cuftomary to reckon no pence below fix.

Neverthelefs, in fome Ores, thefe returning charges at three
ounds are over much ; for if it requires but that money to
imelt Ore of fifty fhillings nett value ¢ ton, it certainly cannot
_ take the fame to fmelt Ore of thirty or forty pounds; as many
of our rich gray Ores (which are naturally regulized) and native
Copper demand but two or three flowings to be thoroughly
refined. All thefe things are properly judged and confidered
by the purchafers, who may add or diminifh their eftimates of
returning charges as they chufe, the feller being generally as
ignorant of the whole as any perfon unconcerned in the affair.
I fhall fubjoin two or three aflays at different ftandards, which
may be calculated by the foregoing rule; premifing, that if the
reader would know the quantity of Copper Metal in one ton,
or apy given number of tons of Copper Ore, he muft divide
four hundred and eighty by the pro£1ce of the aflay, and the
remginder by twenty, and that will fhew what quantity of Ore
will make a ton of fine Copper.

Dwt. Gr. .
~ An affay of fine Copper weighs 1 19 at 9§ the ftandard.
L4 15
2 7 6
1 3 9
3 11%
L8 10 2%
Deduét for returning charges £3 fuch as fmelting, &c.

Nett value £5 10 6 ¢ ton.

“An
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- Dwts. Gr.
An affay of fine Copper weighs 4 13 at g6 the ftandard.
3 L4 16

,{:16
2

I 4
2 8
, 4
L2116

Dedu& for returning charges /3
Nett value 18 16 ¢ ton.

Dwts.” Gr.
An aflay of fine Copper weighs 2 7 at 100 the ftandard.

_£s .

Nett value 8 ¢ 6 @ ton.

Procefs XV. To affay Lead.

If this Ore is pure, that is, free from Mundick or the like,
the procefs is very eafy. With an ounce of the powdered Ore
mix about eight or nine pennyweights of frefh Iron filings:
Melt the whole together in a pretty f%rong fire till it flows per-
fecly thin ; then pour it into a greafed coné¢ or ingot; &nd,
when cold, feparate it from thie feotia at top. If the {eparationi
fhould be difficult, put the whole into an Iron ladle; and whed
the ladle is red hot, the Lead will melt, and run from the {coria,
and will pour out perfe@ly fine Metal. - ‘

As through the violence of the heat in the firft melting; ‘thé
Lead will take into it fome of the Iron ufed in fluxing it ; it is

. therefore
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- therefore neceffary to remelt it in an Iron ladle, when the Iron
will immediately rife.at top, in form of {coria, when thé Lead
may be eafily poured off, and the fcoria will be left in the ladle.
A little tallow may be added ‘before the Lead is poured off,
which will reduce fome of the,Lead that was burncd and in-
creafe the produce.

In this opcratlon, the Iron- having a ftronger attradion to
fulphur than Lead, frees the Lead from it, which by this means
is reduced to its metallick form. - The Iron is alfo mineralized
by the Lead, which is evident,” by its melting the Mundick
thine, Whlch thofe {coria exhibit when broke ; but efpecially by
falling . abroad when expofed to the air, and being convertible
into copperas, juft in the fame manner as the fulphureous
Marcafites are.

If Lead Ores have arfenical pyrites mixed with them, the
affay is more difficult ; for in this, cafe, they muft be calcined
like Copper Ores, and all the arfenick muft be evaporated. By
adding powdered charcoal in proportion to one quarter the
weight of the Ore, it will expedite the calcination, and prevent
it from running into lumps, which it is very apt to do.

When it is calcined, it muft be mixed with its own weight,
or more, of black ﬂux, and about a quarter or fifth part of
Iron filings ; put on them a layer of falt, and melt down, till
it flows thin ; then.pour. it out, and treat the Lead as was done
in the former procefs, to.free it from the Iron.

The ufe of the calcination in this laft procefs, is to difcharge
the arfenick, which renders the Iron eafily fufible ; and-:if the
Ore was not calcined, would fall down, in a reguline form,
together with the Lead, "and render it impure. Befides, it
would caufe an imperfe@ feparation of the {coria, and keep up

a great deal of the Lead amongft them’; for, asthis arfenical
regulus-would incorporate: with the Lead the mixture would
be much lighter than Lead. The Iron ﬁhngs are added, to
abforb the vitriolick acid that may be left in the Ore. after
calcmatlon .

" Lead is affayed for Silver or Gold on the cuppel, as direéted
before ; and all the Silver it contains abovc twclve troy ounces
in . the ton, is proﬁt

Procefs
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Bifmuth is eafily fepatable from its Ote, ead iaj be procured
pure by melting the Ore in a erucible in a thodeérate fire, with-
out any flux; but if it is very impute, an addition of the black
flux will foon fufe it : however, the fite muft not be too fierce,
for if it be, the Bifmuth will be loft.

To difcover Silver in Goflans or vety poor Ores.

Any Goflans or very poor Ores which are fuppofed to contain
Silver, being calcined and mixed with three times their Weight
of litharge, may be affayed as dire&ed in the procefs for affaying
Mundick ; only there will be no need of Glafs; as the Ores are
fuppofed to be ftony. Care muft be taken, that the fcoria are
thin at the laft, either by the continuance of the fire (by which
Ktharge will be formed from the Lead at bottoln) or by the
addition of litharge, as dire@ed in the aforefaid procefs. The
china-ware crucible is alfo beft here.

CHAP IL

Of Smelting of CTopper Ores in the great Futhaces called -
Copper Works. .

. O form a juft and general idea of the conftru@ion of

furnaces, and of the difpofition of the feveral apertures in
them, with a view to increafe or diminifh the a&ivity of the
fire, it will be proper to lay down, as our ground-work, certain
principles of natural philofophy founded on experience. |

Firft, Every one kmows that combuftible matters will not
burr or confume unlefs they have a fre¢ comdfunication with
the air, infomuch ‘that if they be deprived ther¢of, éven when
- burning moft rapidly, they will be extinguifhed dt once ; that,
confequently, combuftion is greatly promoted by the frequent
acceflion of frefh air; and that a ftream of air, dire@ed fo as to
pafs with impetnofity throtigh buriving fuel, ei¢ités the fire to

the greateft peoflible a&ivity.
[} .

Secondly, It is certain that the air which touches or comés
near ignited- bedies, is hAeated, rarefied, and rendered lightef
T than
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than the air about it, that is further diftant from the center of
the heat, and confequently that this air fo heated and become
lighter, is necefarily determined thereby to afcend in order to
make room for that which is lefs heated and not fo light, which
by its weight and elafticity tends to occupy the place quitted by
the other : another confequence hereof is, that if fire be kindled
in a place enclofed every where but above and below, a current
of air will be formed in that place, running in a dire&ion from
the bottom to the top ; fothat if any light bodies be applied to
the ‘opening below, they will be carried up towards the fire ;
but, on the contrary, if they be held at the opening above,
they will be impelled by a force which will drive them up, and

carry them away from the fire.

Laftly, It is a demonftrated truth in hydraulicks, that the
velocity of a given quantity of any fluid determined to flow in
any dire@ion whatever, is {o much the greater the narrower the
channel is to which that fluid is confined, and confequently
that the velocity of a fluid will be increafed by making it run .
from a wider through a narrower paffage. Thefe principles
being eftablifhed, it is eafy to apply them to the conftru&ion
of furnaces. , :

' The materials fitteft for building furnaces are, bricks joined
together with potter’s clay mixed with fand, and moiftened
with water ; potter’s clay mixed with potfherds, moiftened with
water, and baked in a violent fire : alfo Stourbridge clay, and
many of our talcy clays to be had in gteat plenty in the Cornith
foft grouan ftrata, mixed and baked in the fame manner.

The only kind of furnace for fmelting Ores where bellows
are not employed, is what is called a Reverberatory Furnace.
The Germans call it a Wind Furnace. It is alfo diftinguifthed
by the name of Englifh Furnace, becaufe the invention of it is
attributed to an Englith phyfician. The Copper furnaces bear
four names, viz. the Calciner, which is the largeft ; the Ope-
ration, Roafter, and Refiner, which are all ofg one gauge or
nearly fo both in fhape and fize. S '

The hearth or bed of the calciner fhould be eighteen feet
long and thirteen feet wide within, by two feet ten inches at a
- medium from its concave back to the bottom, which muft be
flat. The fire place three feet four inches long, by two- feet
wide and two feet'deep, fo as to have two feet of flame to pafs

| ' over
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over the Ore in calcination. The length ‘and  breadth of the
mafonry of this furnace fhould be in. proportion. from out to -
out as they exprefs it, viz. twenty-four feet long, by eighteen.
-wide. | SR -

Fig. 14, plate VI, reprefents a longitudinal fedtion of a. re-:
verberatory furnace ufed in the fmelting of Copper Ores : 1. the
mafonry ; 2. the afh-hole ; 3. a channel for the evaporation of
the moifture ; 4. the grate; 5. the fire place; - 6. the inner part
of the furnace ; 7. a bafon formed of fand ; 8. the cavity where
the melted Metal is; (thatis, in'the refinery, becaufe the Metal
there is not tapped but laded out by anTron ladle, therefore the
bottom :is concave, but thofe of the operation and. roafter are
flat) 9. a hole through which the fcorie are to be raked or re-
moved ; 10. the paffage for the flame .and fmoke, or the lower
part of the chimney which is to be carried up ‘to a height of
about thirty feet 5 11. a hole in the roof, arch, or crown of the
furnace, where the Ore is put in—This furnace is eighteen feet
long, comprehending allthe mafonry ; twelve feet broad, -and
nine and a half feet high—The hearth or bottom is raifed three
feet above’ the level of the foundery : on one fide is the fire
place; under which is an:afh-hole Kollowed in ‘the earth ; -on
the other fide is a-bafon. made, which is kept covered with fire
when ‘there is occafion : on the anterior fide of “this furnace
" there is a chimney, which receives the flame after it has paflfed
over the Ore that is laid upon the hearth. This hearth, which
is in the interior part of the furnace, is made of a clay capable
of fuftaining the fire. This furnace has a hole in its front
through which the {coria are drawn out; and a bafon, as we
have faid, on one fide, made with fand, 'in which are oblong traces
for the reception of the regulus, matt, or black Copper, when
the furnace is tapped.

The infide of this furnace is'commonly an elliptick curve ;
becaufe it is demonftrated by mathematicians, that furfaces
having that curvature refle& the rays of the- fun, or of fire, in
fuch a manner, that, meeting in a point or line, they produce
there a violent heat. The moft advantageous fize of the melt-
ing area of this furnace is feven feet ten inches long, four feet
eight inches broad, and two feet high at a medium. The fire
place two feet eight inches long, by two feet wide, fo as to form
one foot nine inches fire : the refining furnace has alfo two fide
doors, one for raking or fkimming, the ather for lading.

A aaa ‘Fig.
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Fig. 15, plate VL reprefents the upper plan of the furnace.
of which fig. 14 is a fe&ion: 1. the outer wall ; 2. the draught-
hole communicating with the afh-hole; 3. the doos through
which foflil coal is thrown into the fire place ; 4. the
where an opening is made to let the melted Metal flow out of
the furnace ; 5. an opening through which the fcéria are raked
and drawn off 3 6. the bafon made of fand where: the Metal Lies ;
7. the fire place with an Iron grate; 8. a fmall pertition one
brick thick between the fire place and the area of the furnace,

over which the flame paffes—This is called the Bridge.

Copper is generally mineralized, not only by fulphur and
arfenick, but alfo by Semi-metals and pyritous matters, and is
frequently mixed with other Metals. As this Mctal has great
affinity with fulphur and arfenick, it is almoft impoffible te
difengage it from them entirely by roafting : hence in the fmel¢-
ing in great, nothing is chtained by the firft operation but an
impure Copper, which eontains all the principles of the Qre,
excepting the earthy and flony parts, partiewlarly when the Qge
is fmelted crude and unroafted. However, the Copper Qre when
braught to the works in fome few places is refined by repeated
fmeltings and roaftings witheut calcination : but as I propefe
to deferibe all the procefles for its witimate refinery; I fhall
begin with that of calcination, which in moft places ia neardy
thus. « - o :

A certain quantity of the Ores, called a charge, from ten, .ta
~ thirty, or forty hundred weight, is put into the caleimer; where
it is frequently ftirred in fuch a heat as will not melt it, during
a tide or twelve hours, mare or lefs as the nature or mixture of
the Ores require: twa, three, faur, ar five hundred weight of
this Ore is then put with five, four, three, or twa hundred
weight of raw Ore into an operation furnace. The fire is made
very intenfe, and the whole becoming fluid and thin at the end
of four hours the flag is tkimmed or drawn off through the hole’
_of the furpace no. 5, fig. 2§, plate VI, by an Iron rake called
a_Rabble, Another like quantity of Qre is put in, and the
fame manceuvres being thrice repeated, the greater part of the
remainder, being thus fkimmed, in a ftate of fluidity, and
under a_ great heat, is at the end of twelve hours let out by a
tapehole in the fide of the furnace no. 4, fig. 15, plate VI, inte
a bed of fand where it forms itfelf into pegs or pigs, and is new
a regulus, Thefe pegs are taken befare they are cold, and en
Iron wheel barrows are conveyed and plunged intoa trougl{; or

- - ciftern
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ciftern of cold water. From thence the regulus is cagried to a
horfe mill, and there reduced almaft ta a powder. In fome
places this is done by women, girls, and boys, for the fake of
employing them, which they tezm bucking the regulys, and is
perfarmed the fame as bucking defcribed in our chapter u‘Pon
drefling Copper Ores. In this condition it #s carried to a fur-
nace, called a Metal Calciner, where a quantity from fifteen to
forty hundred weight ‘(accoading to. the capagity of the furnace)
is {pread over the bottom, apd, by fuch a firc as will not juft
melt it, again calcined for about two tides o twenty-four hours:.
From thence it is drawn'out, cooled by water, and carried to
‘the Meta} furnacey where it is fufed, fkimmed, and tapped out
at the end of twelye hours in pegs, mych in the manner of the
operation furnagce before defcribed.. The reafting furmace mext
takes this Metal (as the workmen call it, though it is very far
from being in a ftate of malleability) whale in the pegs, where
they are roafted fixtesn o eightecn hours, and when the fire.is
rifgn, they are melted, fkimmed, and tapped as before, This
operation of roafting and flowing, &c. is repeated three or four
times ; fome Copper Metal evidently appearing in it, itis carried
to the coarfe refining furnace, from whence when melted, fkim-
med, and ready fop its exit, it is not tapped, but taken oyt in
Irgn ladles and thrown info oblong Iron. pats or moulds by a
ladle full at a time,  each mould containing about one hundred
and a half. A quartity of this fine Capper from fixteen to
twenty-five hundred weight accarding to the capacity of the
fusnace and ufage of the works, is put into the refiner, or refi-
ning furnace, where being again melted by an intenfe heat,
fkimmed, and otherwife rendesed proper for the purpofe, it is
again laded out in fuch fhapes and quantities, as the mafter or
dire&tor- of the works requires; and may beft fuit the relling
‘mill, the battery mill, aor the other demauds of the manu-

fa&urers.

I fhal} make.no mention of extra@ing the {mall quantities of
Copper and heterogeneous Metals which remain in the flags or
fcgria tkimmed off in the feverak operations, which after extrae-
_ tion is often mixed with fome others to make thofe inferior

Metals called Pot-metal, ‘Manillions; &¢. ner of the feveral
kinds of fluxes which are.few and differently yfed by diffgrent
aperatars, neither, can it be of fervice to any but an adept in the
bufinefs; My -iatention is only to give a general idea of the
procefles in {melting as far as- they have fallen under my obfer-
vation, and not meddle with the private manufa&ory or cecono-

mical
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At 12 for 20
BL. BL '
Tin | White Tin| Tin| White Tin
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At 12} for 20
BL - | Bl
Tin | White Tin| Tin | White Tin_
B | B |2]C |C|Qbj20
1| — {124 1| —{ 2{15| 8
.2 1 53] 2 x| 1] 2{16
- 3 1] 1B} 3 1| 3118] 4
. 4 2 | 11 4 2| 2| sl12
5 3 3t 5 32—
6 3] 16:] 6 3| 31 8] 8
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~10| 6 93} 10 6| 1j14]—
A1 7 ‘3] 20 | 12{ 3|—|—
12 741.18] 30} 19|—|14{—
131 8| 51| 40 | 25| 2|—[—
-14 8 | 18%| 50 | 33| 3{14|—
6o | 38} 1|—|—
28 | 17} 17 | 70 | 44| 2|14]—"
56 | 35| 14 | 80 | s1|=|—~]=—
84 [ 53| 13 | 90 | 57] 1j1g]—
100 | 63} 3l—|—
- 200 Ja2g) 2= =




T A B L .E 8 - o5

At 13 for 20 At 13% for 20 -
BL Bl BL| Bl

Tin |White Tin| Tin| White Tin Tin |White Tin| Tin [ White Tin
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APPENDTIZX

A M ONG the variety of improvements that may be fug- -

gefted for the intereft of Mining, thofe certainly are moft
beneficial, which tend to the perfe®ion of mechanicks and
hydraulicks ; for had there not been great progrefs made in
thofe branches of philofophy withih the laft improved ages of
{cience, Mining would ftill confift of merely digging a few
fathoms deep, and raifing the ftuff and water, by dint of

~human labour. .

About four-fcore years back, fmall wheels of twelve or fifteen

feet diameter, were thought the beft machinery for draining
~ the Mines ; and if one or two were infufficient, more were
often applied to that purpofe, all worked by the fame ftream of -
. water. I have heard of feven in one Mine, worked over each
other. This power muft have been attended with a complica~
tion of accidents and delays. However, foon after the above
date, Mr. John Coftar, of Briftol, came into this county, and
taught the natives an improvement in this machinery, by de-
molifhing thofe petit engines, and fubftituting one large wheel
of between thirty and forty feet diameter in their ftead. .

Hitherto we are all affured, that a large water wheel engine,
if water is plenty and cheap, is moft effe®ual and fteady for
the purpofe of draining our Mines ; but this power is limited ;
and beyond a certain gauge we dare not undertake.. We know,
that if we add to our power, we experience a lofs in time or
motion, more than equivalent to the acquifition. Upon this
“principle we underftand, that a thirty-eight feet wheel, or
thereabout, is the beft medium we. can prefcribe to ourfelves 3
purfuant to which we know, that, beyond a certain depth, we
cannot fink with eafe and conveniency to our intereft ; and that
another power becomes neceffary for our purpofe. |

It thould: feem as if we had been led by the kind hand of
Providence in thofe difcoveries; for as foon as we ‘found out
the ne plus ultra of the power of water, and the neceffity(of

| | further
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further improvements in hydraulicks, a new and more {cientifick
machinery prefented itfelf to the attention of the Miner. For
want of another piece of machinery, we had been ftinted to a
certain depth, beyond which the {ucceeding generation by the
water wheel and bobs would be unable to fink. So that, hap-
"pily for us and our pofterity, Mr. Newcomen’s invention of the
. fteam fire engine, even in the weaknefs of its infancy, promifed
that future excellence to which it is fince arrived, whereby we
are enabled to fink our Mines to twice thé depth we could for-
merly do by any other machinery.

Since the improvement of this machine’s working itfelf, by
opening and clofing the regulator and injecion cock, moft
other attempts have been very unfuccefsful. The vaft con-
fumption of fuel in thofe engines, is an immenfe drawback
upon the profits of our Mines. It is a known fa&, that every
fire engine of magnitude confumes to the amount of three
thoufand pounds worth of coal in every year. This heavy tax
upon Mining, in fome refpeés, amounts to a prohibition. No
-wonder then, that we fhould be more defirous to leflen the
expence of maintenance in thofe devouring automatons,. than
frugal in their ere®ion. Many trials of mechanical fkill have
been made by our engineers, to very little .purpofe, for the
total application of heat and the faving of fuel. The fire place
has been diminifhed, and enlarged again; the flame has been
carried round from the bottom of the boiler in a fpiral dire&ion;
and conveyed through the body of the water in a tube (one,
two,. or three) before its arrival to the chimney; fome have
ufed a double boiler, fo that fire might a& in every poflible
point of conta®; and fome have built a Moorftone boiler,
heated by three tubes of flame paffing through it. |

. Indeed, the only improvement which has been made in the
fire engine for thirty years paft, the publick will very juftly
attribute to the fagacity of Mr. Watt, whofe fkill in pneuma-
ticks, mechanicks, and hydraulicks, is evidenced by the power-
ful application of elaftick vapour, and by making a- more
perfe& vacuum, nearly like that of the barometer, in his new
conftruted fire engine. '

But before I can explain Mr. Watt’s engines, it is' neceffary
to premife-a fhort account of the imperfe@ions of the common
fteam engines, and their caufes.

The
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. The fteam, or vapour, which arifes from water confined in

a clofe veflel, and_ heated. a few degrees above the point at
which it bo:ls in the open air, becomes an elaftick fluid uniform
and tranfparent, about half the- gravity of atmofpherick air,
very much greater in bulk than the water of whch it is-com-
gofcd and capable of being again reduced to water, when

rought into conta.& with matter of a lefs degree of heat than
ltfelf S

The preflure of the atmoflphere, or any equivalent reﬁlhncc,
prevents the produéion of fteam, until the water be heated
. to 212 degrecs of Fahrenheit’s thermometer ; but when that
prcﬂ'ure is removed, or the water placed in a veflel exhaufted
‘of dir, fteam is produced from it, when it is. colder than the
human blood. ~On the contrary, if-water be prefled upon by
au‘ or fteam, which are more compreﬁ'cd than' the atmofphere,
‘a‘degree of heat ‘above 212 dégrees is neceflary for the produc-
tion of fteam ; ard the ‘difference of heats, at which water
boils . under different preflures, increafes in a lefs proportion
‘than thé preflures themfelves: fo that a double prefiure rcxiuxres
“Jefsthan a double increafe of fenfible heat.

" The experuhents which have been- ubhfhed cém:ernmg tbc
bulk of water, when converted into {gcam, are erroncous, -and
.the concluﬁons drawn from them make that bulk greater than
‘it reall It has bien known for fome time, -that water
‘would oxl in an exhaufted receiver, at a low degree of hea¢;
burMr. Watt was the firft that made a regular fet o%l;cpenments
“upon the fubje, and determined the progreflion in which- the
“heats followed urder various preffures ; -and, at the fame time,
'made experiments that were decifive upon the truc bulk of
fteam, - when compared to the water it is co fpofed of. The

" refult of thefe: expenments he intends to tay before the publick, - -

it a treatife upan that fubJe&. -

If we confider the common ﬁeam engme, we {hall ﬁnd it
“defe@ive ; firft, becaufe the vacuum is produced by throwing
cold. water into the cyhndcr to condenfe the fteam ; that water
becomes hot, and being in a veflel partially exhaufted produces
a fteam, which in part refifts the preffure of the atmofphere
“upon the lﬂon, and leffens the power of the engine. The
: fecond defp & is the deftru@ion of fteam, which unavoidabl
happens upon attempting to fill a cold cylmder with that fluid:
for the mJeéhon water, at the fame time that it condenfes the
' Kkkk ﬁeam.
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fteam, not only coobls the ¢ hndcr but remains there;. until t
be extruded.at the ednéhon pipe, { the fteam which, is:lewin
to fill the cylinder for the next ftroke; and that fteam will-be
condenfed into water as faft as it enters, until all the matter it
comes into coatact wuh be ncarly as hot as itfelf.

Evcry attempt to. make the vacuum more perfe@ by e
addition of inje@ion water, will cool the cylinder more effec-
tually, and caufe a greater. deftruQion of fteam in the mezt
filling; and if the engine hath already a proper load, the
deftru@ion of fteam will proceed in a greater ratio, tha the
ancrea(e of pewer by the amendmcnt of the vacuum.

Though it appears, that the confh'u&ors of fteam engmcs
dtavc never inveftigated thefe caufes; yot lt.hcy have been fo fen-
fible: of the cﬁ'e&s, that a J\ldlClO'ﬂs engineer does not attempt
%o.load his-engine with a column of water, heavier than feveh

pounds for each fquare inch of the area of the pxﬁon. : fv'

Mr. Watt’s 1mprovement is founded upon tbcfe, and fome
other collateral obfervations. He preferves an uniform heat in
the cylinder of his engines, by fuffering no cold water to touch
it, and by prote@ing it from"the'air; or other cold bodies, by
a fursounding cafe filled with the fteam, .or with hot air or
witer, and by coating it over: with {ubftances that tranfmit heat
Alowly. - He makes his vacuum to approach nearly to that of
the barometer, -by condenfing the fteam ina fe rate vefiel,
called the Condenfer, which may be cooled at leafuge wn'hont
«cooling the. cylinder, -cither by an inje&ion oF cold water;_or
-b furrounding the condenfer with it, and generally by both.
J—le extrads the inje@ion water and detached air, from’.the
cylinder or tondenfer, by pumps which are wrought by 'the
engine-itfelf, or he blows it out by the fleam. As the ehitrance
of air into the cylinder would ftop the operation of the enginby,
and as it is hardly to be expe&ed that fuch enormous?ﬁhmi,
as thofe of fteam engines, can move up and down, and yet be
abﬁ)lutcl-y air tight in the common engines; a ftream of water
is kept always running upon the piften, which prevents the
entry of the air; but this mode of fecuring the pifton, thaugh
not hurtful &. the common ones, would be highly prejudicnl
in the .new engines. - Their pifton is, therefore, je
accurately ;. and the outer cylinder having a lid which covers at,
the fteam is introduced above the pifton; and when a vachum
is produced under it, acts upon it by its elafticity, as the atme-

fphere
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Haftulla, fign fies a chip or fegment of
wood cut ol from a greater picce. (Vid.
Pref. p. 15. Leland’s Itinerary, vol. vii.

1769), Sull, a Bunding i, Derby- |
thite. ~ - - " A MDY

AssisTants. The commons or lower
houfe of convocation or parliament of
Tinners. Each Convocator appoints
his own Affitant, who is generally fup-
pofed to be a gentleman of veracity,
integrity, and underftanding in all Mi-
pig alfairs. Thege jare twenty-four
Convocators, and twenty-four Afliftants
cvery convocation. . See S'TANNARIES.

AsTYLLEN, A fma)l ward ot ftoppage on
purpofe in an Adit or Mine '%-;-_prcvcnt
the frec and full paffage of the water
by dammping jt up to a certain height,
‘though not entirely to ftop its current.
Ao, 3" kind of hedge or rude 'wall-
work to feparate Lode and Deads from
“€ach other when brought to grafs. Al-
.fo, a hedge under-ground, as a wall to
_prevent the running of Deads.

ATTAL, Attle, Adall, Addle. Corrupt,
" “impure, of no value, off-calts, Deads,

or refufe parts of the working that the
“Miners ﬁng under-ground on reaffoming
an old Adventure ; that carth alfo which
‘moulders away and falls down to the
.trit'xqm of the Shaft, or pit, is called
Aual, and fo is all the fteny ecarth
broke in Mining which is not of a
veiny nature. (Waftrey or Deads in
Derbythire).
ATTALL-SARAZEN. Saxons or Jews off-
calt.’* (Carew's Survey).
AxvreTret. A thick piece of timber in
form of a cylinder with a large rope
wound obout it, and with which they
bring up the work or Ore, and ufually
let the men defcend and come up ; but
the windlafs includes the axle-tré¢ with
its appurtenances, as layers, upftanders,
‘ftays, and brace boards— Defined —
Stows in the north of England, which
‘are feven pieces of wood (fet up on the
fuperfices of the carth) faftened together
"by pint of wood. Two are called Soul-
‘trees; two Stow-blades; two Hang-
benches ; and a Spindle ; thefe Stows
give a Miner, or any perfon who owns
them, as good right to a meer or meers
of ground (fo that every meer has a
pair of Stows fet on them) ‘a3 a deed of
.conveyance doth to any purchafer.

oy B

BA&K_'_:'—OF the Lode. That par\: of the
Lode which is neareft and uppcrmoft

A .

AN EXCLANATION OF THE.CORNU-TECHNICAL

towards the grafs or furface. (The

-+ Roof, Derbyfhire).

Ban. A fhovel, a plague, a place of
digging ; Balas, to dig—Palas, idem.
(Borl. Vocab.) when many people
are employed in a Mine of note, in
fpaling, and forting the Ore, where it
is brought to grafs, then they flile this
place re the,concourfe of people

" meet and work, b; the name of the Bal,
efpecially if the place be feated on an

. emtinence, for ‘they fay, ¢ A perfon is

© % gone op to Bal 5 but if the plice or
Mine lies low, it is ufual to fay, ¢ He
¢ is goheitdMoor ;”* if in the valley,
they fay, ¢ He is gone to Coomb. >
Baly, fignifies, To caft up.

Bar. Any courfe or vein which runs

. acrofs a2 Lode or Minc is often termed

. a Bar ; but they fometimes meet with
a very hard kind of ftone, calfed an
Ire-ftone, which forms a fort of- courfe
like as it were a Lode, but perhaps
feveral fathoms wider : this is named a
Bar, Bar-Matfter among the Lead Mi-
ners, is he which keepeth the Gage or
difh to meafure the Miners Ore, he or
his fervant being prefent when meafured.
(Houghton’s Rara Avis, &c.)

BaRcaIN. Sec FATHONM.

Batcn. A parcel or .quantity of any
thing. ¢ A Batch of Tin"’— A Batch
¢ of Bread,” &c. .

BzaT—*¢ away the grouad.”, ri‘gnit;ying
the workmg away on'the courfc of the
Lode : orfthe.ftopeing away any ground
in a Mine.:" &~ Y

Bzru. Alive. --(Cornifh).

Bru-HEYL. A live ftream, i. ¢. rich for
- Tin, .o 1

BiNnDER—Or Timber-man, fo called, who
undertakes to bind and keep a Mine
open, or prevent any part from cruthing
or falling together.

Binoe. See Coss. )

BrLaek-jack. Sce Mock-LEap.

Bracx-Tin. Tin Ore, triturated, wath-
ed, and clean for felting.

BLock-'T1n orWx1TE-T1N. IsTin brought
to its fineft purity by fmelting.

Browers. The perfons that melt Stream
-Tin with charcoal fires, excited by bel-
lows worked by water wheels.

Browino-House. The houfe wherein the
furnace for blowing is. (Blaft-Houfe
in Derbythire).

Borier An inftrument of iron fteel-
pointed to bore lholes with in large
rocks, in order to blow them with gun-
powder. .

BorToms. The deepeft working parts of

a Minc that is wrought cithér by ftope-
ing,
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Garcuers. The after leavings of Tin.
See Looss.

Guist. A thining black or brown Mi-
neral of an iron caft, fomewhit kke
Cockle.

Gossan. A kind of imperfeét Iron Ore,
commonly of a tender rotten fubftance,
and red or rufty iron colour. Itis often
found fhallow in Tin, Copper, and Lead
Mines, and is the proper Nidus or
Matrix for the two latter. It is an
uppet covering to the Ore, levels above
thirty fathoms, and is very abundant;
whence thofe Lodes are called Goffan
Lodes.

Gounce. See Streke, and the chapter
< on Stream Tin.

Gramn Tin. The Ore of Tin that is
fometimes dug very rich in the form of
grains or pebbles, or elfe in larger pieces,
compofccfeof many fuch diftint grains,
united in one entire mafs, always of a
black or dark rofin colour, :Kointcd like
diamonds. Alfo, the pureit and fineft
block or white Tin, fmelted with char-
coal in the blaft or blowing-houfe fur-
nace, which never had any brood or

foreign mixture in the Mine. Grain -

Tin 1s peculiarly produced from ftream
work, and is worth feveral fhillings
g <p more than Mine Tin.

Grant. See SerT.

QGrass, or at Grafs, fignifies on the fur-
face of the earth. ¢ Is Tom Trevifcas
¢ under-ground ! No ; he’s at Grafs.”
A Grafs Captain is an Overfeer of the
workmen above-ground, as the bottom
or under-ground Captain fuperintends
his men down ih the Mine. o

GraTe. An iron plate punched full of
{mall holes ; which belongs to the ftamp-
ing mill, and fizés the ffampt Ore, be-
caufe it muft all pafs through théfe
holes by a fmall ftream of water.

Grzur or Grit. A kind of foffil body,
of fandy rough, hatd, earthy, particles.

GrioprLe. A larpe wire fieve, ufed inftead
of a hurdle, for fifting and forting of
Copper Ore, as it rifés from the Mihe.
Erckern calld it a’ Ratter, or Riddle,
Screen or Sieve,; to fepatate the elean
from the unclean Otes before they come
to the fire. ¢ This inftrumeiit doth
¢ unriddle them by feparation ¢ and for
& the word {cteen, It is doubtlefs from

- ¢ fecernere to divide, and fieve from

- . [ re or fever.” Pertus on the

« word metalick. :

Grotran. (Grou, Cornifh) Gravel, tough

* fand: Greuanen, a pebble. Hard Grou-
an is Granite or Moorftorie. (Gron-
ften, Swedith) Soft Grouan is the fame

~martetiald in a lax and fandy - ftace.

Grovan Lode, any Tin Lode which
abounds with this gravel. Grouder, a
mixture of Grouan and clay, much ufed
fol} fcouring of timber-ware in houfe-
wifry.

Grounp. (See Country, and SauT).
We fay, a hard rock or Stratum is
¢ Hard Ground.” On the contrary,
foft clayey Ground they call ¢ Fair
¢« Ground;” and if fair, yet firmi to
ftand without timber, ¢ Feafible
% Ground.” '

Guac. (Hunger, emptinefs; ac idem,
Leary, Cornifh). Tinners holeing ifnto
a place which has been wrought before,
call it ¢ Holeing in Guag.” -

Gureu or ORe. Where a Lode throws
up ve at quantities of Ore, and

govcsr{xgi‘:g agd good in depth, they
ay, “ They have 2 gulph of Ore.”

Gunnies——means breadth or width. A
fingle Gunnies is three feet wide ; a
Gunnies and 2 half is four feet and a
half ; and a double Gunnies is fix feet
wide. The former vaults or cavities
that were dug in a Mine, are termed
“ The old Gunnies ;” and if they are
full of water, they are fometimes called
“ The Gunnies of water ;”* yet more
commonly ¢ A Houfe of water.

GurT. A fret or channel made by great
rain or floods in a highway ; alfo, a
channel to carry off water from one
place to another for dreffing of Copper
Ore, Tin, or the like. Gurt, in Cor-
nifh, implies large, great. “ Gurt
“ Mawr of Vufs,” Great root of furze.

H

Harvans, Hatvines, Hanawarys. All
which names imply the refufe Ore, or
the poor Ote and Stone after the prime
Copper Ore or Crop is firft taken out ;
but they often cull over thefe Halvans

ain, and take more Ore out of them,
Ich is called Halvan Ore. (Halvans,
wafte hillocks, North of England). The
refufe part of Tin-fruff goes not
g;-’o:his narne, but that of Leavings, or
Cafualties. ,

Heaps. See Sramp-uraps. :

Heave. See plate of Heaves in Goonlaz,
&c. and book ii. chap. iii.

Hewns. The fides of a calciner or burn-
ing-houfe furhace, from their being
formerly built with hewn Mootftone.

Hoceaw. In Cornith fignifies 2a Hawthorn-
berry ; alfo, any thing mean or vile :
bur here it meahs a Pork Pafty y and
now indeed any Tinrfer’s pafty that he

carries
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down into the bottoms; alfo, to convey
water acrofs Shafts, Drifts, and Gunnies,
and for conveyance to any place for
driving engine or mill wheels.

Lavsr—and laying of Tin. See Servina.

Leaper. A branch, rib, or ftring of
Ore, that leads along to the Lode ; or
elfe if it be in the vein, and points, or
leads away, fo that they hope for a
parcel or bed of Ore by following it,
then this ftring is a Leader or Guide ;
moreover when they purpofely drive on,
and follow veiny natured ftrings, though
without any Ore or life in them, yet
fuch are Leaders to follow. See Lopk.

LEearys—or lear ; emptinefs. Old men’s
workings. Vide Gloflary Pope’s Shake-
fpeare.

Lear. A water courfe, or level for con-
veyance of water, to engine or mill
wheels.

Lxeavines—or Cafualties, in Tin, is the
fame as hanaways of Copper or Lead
Ores, both being gleanings : but it ra-
ther implies the very minute Tin, that
flows away with the water, in drefling
the crop or ﬁrime Tin; but being ga-
thered together is redrefled to cleanfe it
from its impurities and flime, &c.

LeveLLing — and Levels. The art of
finding a true Level to convey water
from one place to another, or elfe to
find the Level or depth of an Adit at a
prefixed place.

Lire—ac idem, Alive; which fee.

Lirrers—are folid pieces of afth timber
8 or g fect high, fhod with iron ftamp-
heads for pounding the Tin-ftuff, &c.

LirrLe-Winps. (A fump in fome ﬁarts
of England) An under-ground Shaft,
funk f%om a horizontal drift, by which
the top of the Winds communicates with
the fide or bottom of the grafs working
Shaft. .

Liver—or ly-very ftone. A hard liver-
coloured ftone, and in a Lode is very
hursful.

Lope. (Main Rake, N. England) The
word Lode is an old Anglo-Saxon word,
idem ac, Lead ; fo Lode-ftone, quafi
Lead-ftone : fee Lye’s edition of Junius
ad verbum. Any regular vein or courfe,
either metallick or not ; but more com-
monly it means a metallick vein : and

. being occupied and proving good, may
indifferently be called a e, Mine,
or Work.

Lope-Pror. A Lode that underlies very
faft or horizontal, and may be rather
called a Flat Lode.

Lorry Tin—in contradiftin&tion to Flo-
ran Tin, for Lofty Tin is richer, maf-
five, and rougher, and not fo weak or

imperceptible in the ftone, or in powder
on the fhovel.
Looss, Tin flime or fludge of the after
leavings, or leavings flime,
Lorp oF THE LAND or Fee. The perfon
"in whofe land the Mine is; therefore,

- the part which he referves to himfelf for .
liberty to work a3 Mine in his land, is"

the one-fixth, one-feventh, one-eighth,
or any other proportion free of ex-
nce, and called the Dues, Dith, which

CCl
Lost-SLovan. (Loft, a tail, a rump,
Cornith) Vulgo, Low-flovan; the be-
" ginning of an Adit, though the tail or
end; that part which lies open like a
trench, before they drive under-ground.

M

Map-Water. Water that has been
drawn from a Shaft, or any part of a
Mine, and returns back again to the
fame place from whence it was drawn,
is called Mad-Water, and implies a
great want of fkill in the managers.

MarteriaLs.  All tools and tackle, tim-
ber and ichlcmcnts, that belong to a
Mine; and in large Mines a perfon is
appointed to take care of them, who is
called the Material-Man. '

MzaT-EarTH—Soil ; the fuperficial earth,
fic for agriculture.

Mock-Leap. Wild Lead, black Lead,
black Jack. A ponderous black Mine-
ral, which does not readily incorporate
in the fire. A Zinc Ore.

Moor. (See Bar) This wood fignifics
a root, or a quantity of Ore in a parti-
cular part of the Lode ; as ¢ A Moor
« of Ore.” ¢ A Moor of Tin.”

MoorHouse. A hovel built with turf for
workmen to change cloaths in. A Coe,
Derby.

MoorsToNe. See Grouan.

Muw~. Any fufible Metal ; unde Dun-
mwyn, a hill of Metals ; unde Dunmo-
nii, the Cornifh Britains.

Munprck. An exceeding ponderous Mi-
neral, whitifh, beautiful, and fhining,
but brittle. Pyrites ; ‘Marcalite, &c.
too well known for defcription here.

N

NeepLe. A piece of ftout iron wire, ufed
to make a touch-hole with in blowing
of rocks with gunpowder. A pricker,

" Yorkfhire. :

NicHT-PaIr. See Dayv-Pair, and Core.

Nockinc. Knocking; . -See Cosi ) ()
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OLp Men’s WorkiNGs: See LEarvs.

Ore. Earth. (See Doar) Round Ore;
rough, or Row Ore ; ftraked, ftamped,
bucked, jigged, and flime Ores; which
fee. .

Orze-Pror. (See Pror) The Ore Plots
at grafs ; where they keep apart the
drefied Ore for fampling, &c.

OwNERS: See ADVENTURERS.

P

Pacring. A further or final drefling of
Tin or Copper Ore, by putting of either
in 2 kieve or vat with water, often ftir-
ring the water, and ftriking the fides of
the kieve, by which means the heavy

articles fink to the bottom, and the
Eght wafte fwims uppermoft ; which is
afterwards fkimmed off, and thence cal-
led the Skimpings ; which fee.

Par. Any indeterminate number of Mi-
ners who work together in a Mine in a
Pitch upon Tribute, in a But-Bargain,
&c. Alfo, they call any number of
horfes, from five to twenty, a pair of
horfes. See Core and Day-Parr.

Parcer. A parcel of Ore, is a pile or
heap of Copper drefled for fale.

PeacH. Peach-Stone, a bluifh green foft

_Stone. 'When a Lode is moftly com-
pofed of this fort of Stone, it is called
a Peach or Peachy-Lode.

PeonaN. Pedn or Pen. (Cornith). A
head or promentory. In Mine affairs,
the Pednan is the head of the buddle
where Tin is drefled. ’

Pick. The common name of a Tinner’s
pick-axe ; alfo, to pick' or cull the
good Ore from the bacr by hand; whence
thofe who do it, are called Pickers.

PiLe—Of Ore. A heap of Ore; a par-
cel of Ore; and fometimes a Dole of
Ore.

PiLLar. An upright piece or part of the
Lode left to fupport the incumbent
weight. '

~ Prurion.  The Tin which remains in the
fcoria or flags after it is firft fmelted,
- ‘'which muft be feparated and remelted.

Pioneer. An able Pickman or under-
.ground Tinner.

Pire. See Bunny.

- Prr. A Shaft, Dippa, Sumph, or Cof-
tean Pit ; all Pits of different depths.
Prren.  Any part or portion of a Mine,
being a few fathoms in length on the
courfe of the Lode, is fo called: and
if granted to the Miners for raifing the

IDIOMS OF TINNERS:
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Ore at fo much out of the pound fter-
ling, it is called, ¢ A Pitch upon Tri-
¢ bute;” if it is higher up in the Min¢
at a .fhallow level, it is called, ¢« A
¢ Pitch upon the Backs;” and lower
down, ¢ A Bottom Pitch.”

Pror. (Vulgo, Plat). ¢ To et a Plot,”
is to make room, or fquare out a piece
of ground by the fide of the Lode or
Shaft, for holding the broken work or
deads before they are brought to grafs ;
or for other convenient purpofes. (A
.Plet, a Brigging-place in Derbythire).

Prume. A corruption of the word Pump.

Popar. Rotten, corrupt; Mundick— .
Copper Ore was formerly called Podar.

Poxkers and Jerrers. Are blocks or
pullies, over which. the fwee]p rods of
fome engines move. and play. (Seé.
FraTs). Pokkia (Corn.) unde Pokker,
to thruft, poke.

PRorL-Réz. (Pol; a pool; Roéz, a wheel,
Cornifh). The pit under a mill-wheel 5
the wheel-pit. ‘

(Pol,
Tin. Cornifh).
head. (Carew).

Powperep. Powdered Ore. When a Lode
is fpotted with Ore, or ftones of Ore,
but in fo diffeminate a quantity and

aﬁpcarance as to be fcarce worth the

charges of drefling, they fay, * It is’
¢ Powdered Ore, or Dredged Ore.”

Pripe—Of the Country. When Ore is
found near the furface, at a level where
it is rarely met with,. and in great abun-
dance and very rich; alfo, when a
bunch of Ore is found out of a Lode
like ftones fcattered in a -quarry, they
fay, ¢ It is the Pride of the Country.”

Prvan. (From Pryi, Clay, Cornifh).
Pryan Ore, Pryan Tin, Pryan Lode;
that which is produéive of Copper Ore
or Tin, but does not break in la
folid ftones, only in grofs pebbles, or
fandy with a mixture of clay.

Pupey. The fet or tier of pumps below .
the Lilly under-ground.

Purser. A perfon deputed to keep and
adjuft the accompt-book, to receive the
cofts, and difcharge the demands on,
the Mine ; ufually, both treafurer and
fecretary of a Mine.

a hea& alfo; Stean,
A Tin pit. A miry

Q

varey. When a Lode or Stratum breaks
in large hard rocks, being jointed as it
were, it is called a Quirey Lode or
Stratum, from its joints or Qudres.

QuaRTs,
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WhaeeL-Prr. | A very large but fhallow
pit that is funk in the ground, or at
fome depth under-ground, in order to
ere& a water-wheel and engine in it.

WhaeLe. Id. Huel, or Wheal. See HukL.

Whaym or WHIM. A horfe engine. Some-

© times its ufe is to draw water; but
mottly it is intended to wind or roll up
the work out of a deep Mine, being
wrought by horfes. An Engine, Der-
bythire. '

‘WayM-Rounp. A Volt, (Johnfon), En-
gine-Race, North of England.

* WHyM-SHAFT and WayM-KiBBAL.
Suart and KispaL.

Waip. See page 149.

Wm'rE'Tm.p gﬁlo?:ﬁ Tin, or purified
Tin, brought to its ultimate perfection
by fire.

WiLp Leap. See Mock LEzap.

‘WinpLAss. See AXLETREE. .

Winps. See AXLETREE, LITTLE-WINDS.
The Turn, North of England.

Work. (From the Teutonick, Werke;
a Mine). Work often fignifies the Ore
or deads, or other earth or ftone, that

See
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is broken in a Mine, and brought up to
grafs. This word often implies the
Mine itfelf, as when they fay, a Rich
Work, or a Poor Work, inftead of a
Rich Mine, or a Poor Mine. A Tin
Work. A Copper Work. They like-
wife term Copper fmelting furnaces,
Copper Works. '

Working-Bic. Is the fpace of about
two feet and a half wide, fo that a man
may have room enough under-ground
in a Lode or in a Drift to ufe his Pick
and other tools without breaking any of
the contiguous Strata not of a veiny
nature : E:ncc they fay, a Lode is a
Working-big, that is, two feet and a
half wide.

z

Zighyr. (Slow, Cornith) When a ve
fmall flow ftream of water iffues throug
a cranny under-ground, it is faid to
Zighyr or Sigger.
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